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FOREWORD 
The NEW COYNE ELECTRICAL - INDUSTRIAL ELECTRONICS - TROUBLE SHOOTING MANUAL is a 
PRACTICAL book for Practical Electrical workers. It is especially valuable to the electrical main-
tenance man and the electrical or electronics-serviceman. 

This book is the ONLY one of its kind. It has over 600 specially selected electrical wiring diagrams. 
Most of these diagrams are exact duplicates of the original manufacturers blueprints even to showing 
specific notes and circuit tracing data. These diagrams cover almost every type of electrical equipment 
in common use and include a great deal of material on: MOTORS, CONTROLLERS, STARTERS, GENER-
ATORS, TRANSFORMERS as well as hundreds of other types of industrial and home electrical apparatus. 
In addition, the book also covers THE NEW FIELD OF INDUSTRIAL ELECTRONICS. 

Of practical time saving value to the maintenance man or serviceman is the special material on NEW 
methods of trouble shooting. Hundreds of short cuts, and FAST trouble finding information is included. 
Much of this type of material was taken right out of the electrical courses in the Coyne Electrical School 
training shops and is backed by 60 years of experience. There are dozens of trouble shooting plan sheets 
that cannot be purchased anywhere else because they are the sole property of the Coyne Electrical School. 
You get this valuable material as part of this great book. 

PRACTICAL TROUBLE SHOOTING MATERIAL FROM AMERICA'S 

LEADING ELECTRICAL AND ELECTRONICS COMPANIES 

In compiling this book the publishers had the cooperation of some of America's leading electrical and 
electronics companies. Any electrical maintenanceman or electrical serviceman has a decided advan-
tage with this book -- here's why. The average maintenance man does not have access to his employers 
blueprints (if the employer has a file of wiring diagrams). In the case of companies that have a file of 
prints they are usually the ONLY copies available. It is understandable that they would be careful of the 
only set of diagrams and would release them only when absolutely needed. 

In many electrical plants the only wiring diagrams on the equipment were those that originally came when 
the equipment was installed. In most cases these loose sheets were put into a desk drawer and have be-
come lost or misplaced. If this is the situation in your plant or service shop then owning the Coyne Trou-

ble Shooting Manual means additional advantages for you. 

INCLUDES 600 SPECIALLY SELECTED WIRING DIAGRAMS 

THIS BOOK GIVES YOU A PERSONAL FILE OF OVER 600 SPECIALLY SELECTED WIRING DIAGRAMS. 
MOST OF THESE ARE EXACT DUPLICATES OF THE DIAGRAMS FOR THE EQUIPMENT OF YOUR 
COMPANY. Owning this manual gives you a chance to read up on the equipment of your company and TO 
EVEN PRESENT THE NEEDED WIRING DIAGRAM WHENEVER A BREAKDOWN OCCURS. 

If you work at electrical service work this book should be worth its weight in gold. It has a great deal 
of information that deals with motors, switches, controls etc., on HOUSEHOLD APPLIANCES, including 
house wiring. 

The successful electrical maintenance or service and appliance repairman knows the value of a collec-
tion of commercial wiring diagrams. He realizes that the fellow who gets ahead is generally the one who 
has these diagrams and also up to date trouble shooting data. This book provides the material that gives a 
man the confidence to step into all types of electrical trouble shooting emergency problPms. 

Prior to the publishing of this book it has been almost impossible for the average electrical worker to 
gather a worthwhile collection of electrical wiring diagrams. There have been companies that offered 
certain diagrams for individual purchase but the cost of compiling a collection of diagrams this way was 
prohibitive. Another way to get diagrams was to write to the manufacturers. Unless a man is in a su-
pervisory position (Chief Electrician,General Manager, Chief Engineer etc.) he may not get the diagrams 
direct from the manufacturer at any cost. 

Because COYNE has been training men for 50 years and has been cooperating with the electrical indus-
try we have secured the diagrams you need. Bringing you over 600 in this book means that you get these 
valuable diagrams for about 1Ç each. You get, in addition, some of the most helpful trouble shooting hints 
and plans ever made available to the man on the job. 

INDUSTRIAL ELECTRONICS INCLUDED 

Today, in thousands of plants, and homes INDUSTRIAL ELECTRONICS devices are being added. They 
are being installed to step up production, increase safety or improve efficiency. The electrical worker 
of "tomorrow" will have to know electronic equipment. This book covers dozens of new industrial elec-
tronics circuits and applications - the same kind of installations you may be called upon to work on in 
your plant before the year is out. This special material on electronics will prepare you to step in and 
take over when necessary. 



NEW METHOD OF QUICK REFERENCE INDEXING 

We have incorporated an ENTIRELY NEW method of indexing for quick reference. The entire volume is 
divided into seven major sections as shown in the "SUBJECT AND APPLICATION GUIDE" to be found on 
page VU. Referring to the guide you will note that most of these major subjects are broken down into sev-

eral divisions. Next, each division is broken down Into "applications". Here's how this new idea works. 

Suppose you are working on a two-step magnetic controller for a D. C. motor. First, you ask yourself 
with which of the major subjects you are concerned. The answer is "Controls" so you look under the sub-
ject of "Controls" in the first column of the "Subject and Application Guide". Then, which division (second 
column) are you interested? Since your problem is with a D. C. motor you look in the D. C. motors divi-
sion. In this division are nine kinds of applications (third column). You will note one of these is "Mag-

netic, multi step" for which all diagrams and data are covered on pages 474-480. Glance through those 
pages and you will either find a diagram that will fit your problem exactly or several that are so close in 
approximation that they will give you all the information that you will need. 

To locate the pages on which all diagrams are to be found takes but a fraction of the time it has taken you 
to read this explanation of how to do it. With our new method of indexing we greatly cut down the time 
needed to find the information. Further, this method gives the electrical worker an idea where All the 
information on his problem is located; not only the particular unit he is working on but other similar equip-
ment. In this way he gets a thorough picture of the necessary steps to follow. 

We have also included a regular complete index which you will find at the back of this book. This index 
shows you where every individual diagram or trouble shooting plan can be found. We furnish this conven-

tional type of index in addition to the new SUBJECT & APPLICATION GUIDE mentioned above to provide 
purchasers of this book with the most up-to-date, complete, time saving methods to help in locating the 
data they want. 

THE COYNE ELECTRICAL - INDUSTRIAL ELECTRONICS 
TROUBLE SHOOTING MANUAL IS A TOOL 

This is not a "book" in the ordinary sense of the word. Rather, it is a "tool" or an instrument you learn 
to use just like you learn to use a voltmeter or some special tool. To learn to use a tool you first look 
it all over. So, examine this book ("tool") by looking over the "SUBJECT AND APPLICATION GUIDE". 
Then thumb through the book. Note the headings at the top of the page (they give you the subject, division 

and application) of the material on that page. Check the data on some problems you might anticipate on 
the equipment in your plant -problems you might have trouble handling IF THEY HAPPENED TOMORROW. 
This will give you a good idea of how this book will help you. 

In concluding this introductory message we'd like to leave this important thought with you. Although a book 
of this type can be used most every day on the job, nevertheless, if you used it only occasionally for IM-
PORTANT electrical or electronics problems it would represent a most worthwhile investment for you. 
The value of any reference book is not always determined by how often you use it but rather HOW IMPOR-
TANT AND VALUABLE IT IS WHEN YOU NEED IT. 

If it pays many types of professional men to spend hundreds of dollars for reference manuals then it fol-
lows that an electric worker aspiring toward a better job with more money and responsibility should also 
have reference material. An investment in this book therefore is an investment in your electrical future. 

Coyne School Publications, Inc. 
Chicago, Illinois 



SUBJECT AND APPLICATION GUIDE 

SUBJECT DIVISION APPLICATION PAGES 

1 BASIC 
ELECTRICITY 

'ELECTRICAL 

PRINCIPLES 
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466 
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ELECTRICAL PRINCIPLES 

OPPOSITION TO CURRENT IN THE A.U. CIRCUIT. #1. 

D.C. 

I = E = = I I = E = = I 
R R 

In D.C. circuits resistance is the only opposition encountered by I flow, there-
fore, the I is proportional to the E applied, or inversely proportional to the 
resistance of the circuit. OHMS LAW for D.C. also applies to A.C. circuits con-
taining resistance only, and is approximately correct. 

•IMe ••••Mi. d••• , .••• .1••• • em/iM• 

D.C. 

MO& • • IMMM, 'Mae, 

Inductance effects exist in D.C. circuits only during I changes. The I is opposed 
by a self induced E generated by the expanding magnetic field. This E does not 
exist when the flux becomes stationary. 

INDUCTIVE REACTANCE is a C.E.M.F. generated in the A.C. circuit of inductive 
nature by the expanding and contracting magnetic field set up by the varying A.C. 
Its symbol is XL and its value is measured in ohms. XL has 2 effects in the A.C. 
circuit: 1. it opposes I flow. 2. It causes the I to lag the applied E by almost 
900. XL varies as the frequency. The E applied to apparatus designed for one 
frequency must be changed in the same proportion when operated on another fre-
quency. 

s- 0 

1••• 111M•1» «IMI/a ea , RI• MI» ,11111. «IMO ri• 
MIMI» 11111.1•Mir ••••• ••• ...lad 

CAPACITY REACTANCE is the opposition offered to the flow of an A.C. Dy a con-
denser. Its symbol is Xc, and its value is measured in ohms. Xc has 2 effects 
in the A.C. circuit: 1. It opposes I flow. 2. It causes the I to lead the ap-
plied E by almost 90°. Xc varies inversely as the frequency. When a condenser 
is to be operated on a higher frequency, frequency is increased. 
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OPPOSITION TO CURRENT IN THE A.C. CIRCUIT. #2. 

E 
In a circuit of resistance only the 
I will be in phase with the E, since 

H.C. R there is no reactance present to 
cause the I to lag or lead the E 
applied. 

IMPEDANCE is the total opposition offered to the flow of an A.C. Its 
and its value is measured in OHMS. Z may consist of R only, XL only, 
any combination of these effects. 

OalS LAW for A.C. — The I is proportional to the E applied, and inversely 
tional to the IMPEDANCE of the circuit. 

A 
Z = E I = fu E = I x Z. 

I Z We 

XL is 900 out of phase with R. T? / 

symbol is Z, 
Xc only, or 

propor— 

XL. 

Xe is 900 out of phase with R. ) 
XL is 1800 out of phase with Xc. 

\O° 
A.C. quantities must be added geometrically when 
out of phase with each other. They may be added 
by simple arithmetic only when they are in phase Xe 

with each other. 

180' 

EXAMPLES FOR IMPEDANCE IN A SERIES CIRCUIT. 

R and XL in series. R and Xc in series. R, XL, and Xc in series. 

A 1? Xe A 
R I. c 

A N' X 

T T 

Z = \I 1R a + xe z = q R a — ( XL — Xc )* z = \I R2 + X: 
\I a + 2 \I a ( _ )e \I a -i• a 

\I 
+ \I 2 + a \I + 

\f—_____ z 

Z \I = Z 
\I -4-

q — 
\I — Z 

4 

L.' 

- 4 

to 

l= 

— 

— 

E, . Ltne E 

4 
E.. 

XL: Xc. < 

Sca.te .1 Unit Per -4--" 

E. 

Xer• 

Scate .10 Units Per-k" 

Xe: 

. 

ED ' R 2 

Scat, = / Unit Per*" 
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What is power-factor? 

lu au alternating current power system, the voltage and 
current follow an approximate sine wave. They build up from 
zero to a maximum in one direction then diminish to zero, 
build up again to a maximum but in the opposite direction and 
again diminish to zero; thus completing one cycle or two alter-
tuitions and 360 electrical degrees. 

The power factor is said to be 1.0 or unity, if the voltage 
and current reach their respective maximum values simultane-
ously. However in most alternating current systems, the volt-
age reaches its maximum value in a given direction before the 
current attains its maximum value, then the current is said to 
lag behind the voltage. This lag may be measured in degrees. 

The lagging of the current is caused by certain inherent 
characteristics of the system which has a tendency to choke 
back or oppose any change in direction of the current flow. 

Such apparatus as transformers, induction motors, electric 
welders and electric furnaces are the chief causes of lagging 
current. 

The actual current drawn by apparatus of this class may be 
counidered as having two components, one known as the magnet-
izing current, or that current which must overcome the choking 
effect produced by the characteristics of the apparatus, and 
whieli lags 90 electrical degrees behind the voltage. The value 
of this lagging current is zero when the voltage has reached 
its maximum value. This lagging or magnetizing current is 
called the reactive current. 

The other component is known as the active current, and 
it is in phase with the voltage. This active current and the 
voltage reach maximum values; simultaneously. 

The actual line current is therefore the resultant of the 
reactive and active currents; furthermore, it is the current that 
would be registered were an ammeter connection in the circuit. 
Since there is one component lagging 90 electrical degrees or 
at right angles to the voltage, the resultant or actual line 
current, of which this component is a part, must consequently 
be out of phase with the voltage and lag behind it. The degree 
or amount that it lags depends upon the magnitude of this 
reactive current component and is a measure of the power factor. 

In Fig. 30 the voltage is represented by the line 0E. The 
line 01 represents the actual line current as measured by an 
ammeter in the circuit, and lags behind the voltage by the 
angle Ø. The active current component in phase with the 
voltage is OA and the reactive or magnetizing component is AI, 
90 degrees out of phase with the voltage. 

'rho power factor is the ratio of the active current com-
ponent to the actual current: Therefore: 

OA OA 
Power factor = — and — = cosine 0 

01 OI 

If the value of 01 is the actual current as read by an 
ammeter in one phase of a three phase circuit, the 

V3 x 0E x OI. V3 x volts a amperes 
K.V.A. =   or K.V.A. 

1000 1000 
and is the apparent power. The actual power is 

V 3 x volts a amperes a cosine 0 
K.W. 

1000 
It is, therefore, obvious that K.V.A. and K W are the same-

acid equal at 1.0 or unity power factor, but at power factors 

below unity, the current for a given KW changes inversely 
with the power factor, i.e. as the power factor goes below unity, 
the current increases proportionately. 

Power factor is also the ratio of real power to the apparent 
power, the former measured in KW by a wattmeter and the 
latter in H.V.A. by voltmeter and ammeter; therefore power 

KW 
factor is also equal to 

K.V.A. 

How is power measured in two-phase and three-phase 
circuits? 

Wattmeters must be used to measure the power in two- and 
three-phase circuits. A two-phase circuit can be considered 
as two single-phase circuits. Each phase is measured separately 
and the total power equals the sum of the two readings, or 
sometimes, when the power in both phases is known to be equal, 
one phase may be measured and the reading doubled. 

To read the power in a three-phase circuit a polyphase 
wattmeter can be used or two single-phase wattmeters connected 
as shown in Fig. 31. In this diagram it will be noted that the 
current coil of each wattmeter is connected in one line, and 
that the potential coil of each wattmeter is connected from 
the line in which the current coil is connected to the third 
line. For power-factors above fifty per cent, the power in the 
three-phase system will be the sum of these two wattmeter 
readings. At fifty per cent power-factor one wattmeter will 
read zero. At still lower power-factors this wattmeter will read 
negatively; its current connections should be reversed and the 
difference between the reading', of the two instruments will 
then be the true power. 

menu 

"NI 

WATTMETER 

inoT0111 

Pig. 31. This diagram shows the method of connecting two 
wattmeters to read the power in a three-phase circuit. Note 
that the only COttneCii011 to one of the conductors ia from the 

potential coils of the two meters 

The kv-a. output or input of any machine may be computed 
as follows: 

Single Phase: 
EI Volts x Amperes 

Apparent Power _   _ kv -a. 
1,000 1,000 

Two Phase, when both phases have equal currents and equal 
voltages: 

2E1 Volts a Amperes x2 
Apparent Power kv-a. 

1,000 1,000 
Three Phase, when the currents are equal in all three wires and 
the voltages between any pair of wires are equal: 

Apparent Power = 
Current in any wire z Voltage between two wires a3 

1,732 
3E1 Volts a Amperes x 3 

1,732 1,732 
kv-a. 

or, kv-a. = 
Volta z.Amperea z 1.73 

1000 

The kilowatt mullet or input of any machine luny be found 
by multiplying the kv-u, output or input, as the came muy be, 
by the power-factor: 
P = kv-a. a Power-factor = Kilowatts. 

FAIRBANKS -MORSE ELECTRIC MACHINERY CATECHISM 
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Power Factor Surveys 
Where monthly power bills are affected by power factor as well 
the demand, tlie extent and causes must be known to guide 
remedying low power factor conditions. 

Low power factor is one of the reasons why electrical systems as 
a whole perform below par. Power factor of the load is defined 
as the ratio between the watts of the load and the product of the 
volts and amperes measured at the load, or: 

True Power Watts of the Load  
Power Factor — 

Apparent Power — Volts x Amperes at the Load 
This is often expressed as a percentage. Whenever this ratio is 
less than 1, it means that more current is being drawn by the 
load than would be necessary to perform the work if the ratio 
were 1. This extra current causes more drop in the feeder circuits, 
creates more heat losses in feeders and transformers and both 
must be correspondingly larger to prevent overheating. Of course, 
some types of load, particularly all inductive loads, must have a 
power factor of less than unity, but many of them are lower than 
they should be. Most cases of low power factor can be improved 
to the advantage of the system and the budget 

SOME CAUSES OF LOW 
POWER FACTOR 
Low power factor conditions commonly are caused by improp-

erly loaded induction motors. Other causes are welding equipment, 
some types of transformers for mercury vapor lamps and gaseous 
tube lighting equipment. To overcome this condition tests must 
be made to determine the actual power factor existing at any 
one point of load or on any feeder as a whole. 

THE BENEFITS OF POWER 
FACTOR CORRECTION 
The benefits derived from the correction of low power factor 

are realized by relieving the system of the burden of the useless 
current flow in transformers and other major units of the system. 
With a higher power factor more use is made of the energy 
purchased and the demand is kept down to a minimum. Economy 
is affected in the power bill by the lower rates offered by some 
power companies to plants having good power factor conditions. 
In some cases, savings are made by the release of the penalty 
charges imposed for low power factor. In general, 80 to 90 per 
cent power factor is considered satisfactory and not subject to 
rate penalties. 

as 
in 

Portable analyzers are adapt-
able to make various tests 
including the power factor of 
single motors or reasonably 

heavy feeder loads. 

Weston Electrical Instrument CO 

HOW TO MAKE THE SURVEY 
To find the causes of low power factor a survey should be made 

throughout the system. The first thing to do is to check the 
load and power factor on each motor and other inductive type 
of equipment. This information may already be available if there 
is a complete test record of all the motors and equipment in 
operation. 
The next step is to determine in each case how much correction 

is needed to bring the power factor up to a reasonable value. 
It is often possible to correct the power factor of the feeder at 
one point, say at a large motor, to compensate for the low power 
factor of this motor and several smaller ones on that feeder in 
the same nearby area. 
The instruments to use in making the survey and the connection 

to be made are shown in the accompanying table: 

CORRECTING POWER FACTOR 
Once the survey is made and the conditions are known it is 

possible to choose power factor correcting equipment of the proper 
kva rating to produce the desired power factor. The chart on 
page 39 can be used as a guide in doing this. 

Actual correction is accomplished by adding equipment of low 
or zero leading power factor, such as capacitors, to compensate 
for the usual lagging power factor of induction motors and other 
inductive equipment. In some cases, large induction motors can 
be replaced by synchronous motors which can be operated at 
unity or leading power factor. 
No loss is too small to be ignored so long as it can be corrected 

economically. For, assuming 300 work days a year, 8 hours each, 
a saving of one kilowatt at 2 cents per kilowatt-hour means $48 
per year. A saving of 10 kilowatts then amounts to $480 annually. 

To Measure Circuit 
Tested 

Instruments 
To Use 

Diagram of 
Connections 

Single-phase Two-wire Ammeter Sovrce Load 

Power Factor Voltmeter 
Wattmeter 

or 
Power Factor Meter 

Three-phase Three-wire 2 Ammeters 
Power Factor 1 Voltmeter 

2 Single-phase Wattmeters of 
Analyzer ((or 3 phase only) 

or '4_,_.... 

Power Factor Meter c, 

ANACONDA WIRE AND CABLE COMPANY 
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TECHNICAL TERS AND THEIR MEANING 

A clear understanding of Electricity can be acquired only if the terms employed to 
explain it and the units used to measure it are clearly understood. Words used in 
the technical sense have exact meanings frequently different from those associated 
with their every day use. Definitions here given refer to the technical meanings 
only. Some of the most .important terms and their units of measurement are: 

FORCE - Force is defined as "any agent that produces or tends to produce motion." 
Force may be mechanical, electrical, magnetic, or thermal in character. Note that 
force does not always produce motion: a relatively small force may fail to move a 
large body, but it TENDS to do so. The word "body" refers to any material object: 
it may be a stone, a building, an automobile, a dust particle, an electron, or any-
thing that has size. Force is usually measured in pounds; therefore the UNIT of 
FORCE is the POUND. 

ENERGY - This word refers to the ability or capacity for doing work. One may speak 
correctly of the ENERGY in a charged automobile battery, in a raised weight, in a 
compressed spring, in a tank of compressed air, etc., as work may be done by any 
one of these devices. Energy may be mechanical, electrical, magnetic, chemical, or 
thermal type, and the different kinds of energy may be readily converted from one 
form to another; however, each conversion results in a loss of some of the useful 
energy, although the total amount of energy remains the same. Since the energy of 
a device represents the total amount of work that it can do e the units for work and 
for energy are the same. The UNIT OF ENERGY most frequently used in electrical 
work is the JOULE. It is equal tQ approximately 0.74 foot pounds. 

WORK - Work is equal to the force applied to an object multiplied by the distance 
through which the object is moved. If the force applied to a given object is in-
sufficient to move it, no work is done. This definition illustrates the great 
difference that exists between the technical and the general meaning of the word 
WORK. The units used for measuring work are the same as those employed for energy. 
The most frequently used UNITS OF WORK are the FOOT POUND and JOULE. 

POWER - Power indicates the rate at which work is done. It is equal to the amount 
of work done, divided by the time required to do it. This unit does not show how 
much work has been done, it merely indicates how rapidly, or at what rate, the work 
is being done. The foundamental UNIT of electrical POWER is the WATT. When the 
power in an electrical circuit is one watt, this means that work is being done in 
that circuit at the rate of one joule per second, or 0.74 foot pounds per second. 
Note that the WATT is not a quantity unit but a RATE unit. Larger power units are 
the horse-power and the kilowatt. The HORSEPOWER represents a rate of doing work 
equal to 746 WATTS, or 746 joules per second, or 550 foot pounds per second. Note 
that TIME, which is not mentioned in the definitions of force or energy, is always 
a factor in the measurement of POWER. 

(a) WORK (h) 

POWER TIME WORK = POWER X TIME 
(c) WORK 

TIME 
POWER 

With the aid of the above formulas any of the given quantities may be calculated 
when the other two are given. Thus if work and time are given, the power may be 
found by (a). If power and time are given, the work may be found by formula (h) e 
and if the work to be done and the rate at which it is to done (power) are speci-
fied, the time required to do it may be determined by formula (c). 

A little time spent in studying the above definitions and formulas will be well 
repaid by an increased understanding and clearer conception of the units used. 
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I 

,Coulomb q or Q 

Unit of electrical quantity. The quantity which will 
deposit .0000116 oz. of copper from one plate to the 
other in a copper sulphate solution. The quantity of 
Electricity which must pass a given point in a circuit 
in one second to produce a current of one ampere. 

-Ampere I or A Unit of current. (Rate of Flow) One coulomb per second. 

"Milliampere MI or MA .001 I (The prefix "milli" means one-thousandth) 

!Microampere pJ or pA .000001 I (the prefix "micro" means one-millionth) 

Volt E or V 
Unit of pressure. (EMF - Electromotive Force) The 
pressure required to force current at the rate of one 
ampere through the resistance of one ohm. 

Millivolt ME or MV .001 E One-thousandth volt. 

Microvolt µE or µV .000001 E One-millionth volt. 

Kilovolt KV 1000 E (The prefix "kilo" means one-thousand) 

Ohm R orSt 

Unit of resistance. A measure of the opposition of-
fered to the flow of current. The resistance offered 
by a column of mercury 106.3 centimeters long and 1 
square millimeter in cross sectional area, at a tem-
perature of 32 degrees Fah., or 0 degrees Cent. 

Megohm Meg. 1JP 000 1P 000 R One-million ohms. 

Microhm pR .000001 R One-million ohm. 

Mho E 

Unit of conductance. A measure of the ease which a 
conductor will permit current to flow. It is the 
reciprocal of resistance. 

Watt W 
Unit of power. One watt is equal to current at the 
rate of one ampere under the pressure of one volt. 
W = I x E. 

Horsepower HP or HP 
746 W Thepower required to raise 33,000 pounds, one 
foot, in one minute. 

Milliwatt MW .001 W One-thousandth watt. 

Kilowatt KW 1000 W Unit of power. 

Watthour Wh Unit of work. (Power x Time) W x H .7. WH 

Kilowatt-hour WM 1000 WH Unit of work. 

Farad C Unit of capacitance. Capacity of condensers. 

Microfared Mid. or µF. .00001 C One-millionth farad. 

Micro-microfarad MMF .000001 mfd. One-millionth microfarad. 

Henry L or H Unit of inductance. 

Millihenry ML or MH .001 L One-thousandth henry. 
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Convenient Formulae and Units for 

Use in Design Calculations 
USEFUL . . 

INFORMATION 

FORMULAE FOR DETERMINING AMPERES, HORSEPOWER, KILOWATTS 

AND KILOVOLT-AMPERES 

To Find 
the 

Value 

When Value 
Below is 
Known 

SYSTEM 

Amperes 
(I) 

Horsepower 
(hp) 

Amperes 
(I) 

Kilowatts 
(kw) 

Amperes 
(I) 

Kilovolt-
Amperes 
(kvo) 

Direct Single- Two-Phase Three-
Current Phase Four Wire I Phase 

FORMULAE 

746 ho 

E Xeff 
746 ha  

". E Xeff Xpf 

1000 kw 
I = 

E 
1000 kw 

E Xpf 

Kilowatts 
(kw) 
Input 

Kilovolt-
Ampere, 
(Imo) 

Horsepower 
(hp) 

Output 

kw = 
I XE 

1000 

1000 kvo 

E 

I XE Xpf 
kw =, 

1000 

=  746 hp  
I  

2 XE Xeff Xpf 

= 2xExpi 

746 hp 

1.73 XE Xeff )(pi 

1000 kw 1000 kw  

1.73 XE Xpf 

1000 kvo 

2 E 
1000 kva 

1.73 E 

k I XE X2 Xpf  w 
1000 

I XE X1.73 Xpf 
kw 

1000 

I XE Xeff 
hp = 

746 

kva = 
I XE 
1000 

I XE X2 

1000 
hua 

I XE X1.73 

1000 

hp I XE Xeff Xpf  
746 

hp 
I XE X2 Xeff Xpf  

= 
746 

I XE X1.73 Xeff Xpf  
hp 

746 

I - Amperes. 
E = Volts. 

efF = Efficiency in decimals. 
pf = Power Factor in decimals. 

kw = Kilowatts Input. 
kva = Kilovolt-Amperes Input. 
hp -= Horsepower Output. 

For two-phase, three wire, balanced circuits 
the amperes in common conductor = 1.41 X 
that in either of the other two. 

EQUIVALENT VALUES OF ELECTRICAL, MECHANICAL, AND HEAT UNITS 

Unit Equivalent Value in Other Units 

1 
Kw.-hour = 

1,000 watt-hours. 
1.341 horsepower-hours. 

2,655,200 ft.-lb. 
3,600,000 joules. 

3,415 heat-units. 
367,100 kilogram-meters. 

0.234 lb carbon oxidized with perfect efficiency. 
3.52 lb. water swop from and at 212° F. 

22.77 lb of water raised how 62° to 212° F. 

Hp-hour = 

0.7457 kw.-hour. 
1,980,000 ft.-lb. 

2,546.5 heat-units. 
273,740 kilogram-meters. 

0.174 lb. carbon oxidized with perfect efficiency. 
2.62 lb. water crap. from and at 212° F. 

17.0 lb. water raised from 62' F. to 212° F. 

Kilowatt = 

1,000 watts. 
1.3410 horsepower. 

2,655,200 11.-lb, per hour. 
44,254 ft.-lb. per minute. 

737.56 ft.-lb. per second. 
3,415 heat-units per hour. 

56.92 heat-units per minute. 
0.9486 heat-units per sec. 
0.234 lb. carbon oxidized per hour. 
3.52 lb. water evap. per hr. from and at 212° F. 

1 Hp. = 

745.7 watts. 
0.7457 kw. 

33,000 ft.-lb. per minute. 
550 ft.-lb. per second. 

2,546.5 heat-units per hour. 
42.44 heat-units per minute. 
0.707 heat-units per second. 
0.174 lb. carbon oxidized per hour. 
2.62 lb. water evop, per hour from and at 212° F. 

Unit Equivalent Value in Other Units 

1 Watt 

1 joule per second. 
0.001341 hp. 
3.415 heat-units per hour. 
0.73756 ft.-lb. per second. 
0.0035 lb. water evop. per hour. 

44.254 ft.-lb. per minute. 

1 Watt per 
Sq. In. = 

8.20 heat-units per sq. ft. per minute. 
6.373 ft.-lb. per sq. ft. Per min. 
0.1931 hp. per sq. ft. 

1 Heat-
Unit = 

1,054.2 watt-seconds. 
777.54 ft.-lb. 
107.5 kilogram-meters. 
0.0002928 kw.-hour. 
0.0003927 hp.-hour. 
0.0000685 lb. carbon oxidized. 
0.001030 lb. water evap. from and at 212° F. 

1 Heat-unit 
Per SQ. 

Ft. per Min. = 

0.1220 watt per sq. in. 
0.01757 kw. per sq. It. 
0.02356 hp. per sq. ft. 

1 Kilogram. 
meter = 

7 233 ft.-lb. 
0.000003653 hp.-hour. 
0.000009724 kw.-hour. 
0.009302 heat-unit 

1 Joule = 

1 watt second. 
0.000000278 kw.-hour. 
0.10197 kilogram-meter. 
0.0009486 heat-units. 
0.73756 It.-lb. 

1 Ft.-lb. = 

1.3558 joules. 
0.13826 kilogram-meter. 
0.0000003766 kw.-hour. 
0.0012861 heat-unit. 
0.0000005 hp.-hour. 

1 lb. 
Carbon 

Oxidized 
with 

Perfect 
Efficiency = 

14,600 heat-units. 
1.11 lb. anthracite coal oxidized. 
2.5 lb. dry wood oxidized. 

22 cu. ft. illuminating gas. 
4.75 kw.-hour. 
5.733 hp.-hour. 

11,352,000 ft.-lb. 
15.05 lb. of water crap. from and at 212° F. 

1 Lb. 
Water 
Evap. 
from 
and at 

212° F. = 

0.2841 kw.-hour. 
0.3811 hp.-hour. 

970.4 heat-units. 
104,320 kilogram-meter. 

L023,000 joules. 
754,525 ft.-lb 

0.066466 lb. corbon oxidized. 

ANACONDA WIRE AND CABLE COMPANY 
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i•-F.- 

L  
1-

r =Resistance in Ohms 
Xt. =Inductive reactance in Ohms =2Tft 

WIRE CALCULATIONS 

Ohm's Law: 

Ohm's Law 

E 
I=k, where I is current; 

E is voltage; and R is resistance. 

Example: With a voltage of 112 and a resistance of 8 
ohms, what current would flow? 

I =-112 or 14 amperes. 
8 

Example: What resistance is necessary to obtain a 
current of 14 amperes at 112 volts? 

E 112 
R = r or R =7,-1 or 8 ohms. 

Example: What voltage would be required to produce 
a flow of 14 amperes through a resistance of 8 ohms. 

E = IR or E =14 x 8 or 112 volts. 

Voltage Drop 

The resistance of a copper wire one foot long and one 
circular mil in cross section is approximately 10.8 ohms. 

In Ohm's law I =R' R is equal to: Length of conductor 

in feet x 10.8 divided by the circular millage of the con-
ductor or, 

2 x feet (length of circuit) x 10.8 
R -  

CM 

Using Ohms' law, E =-IR, 

Amps. x 2 x feet x 10.8 
E -  

CM 

where the term "feet" indicates the length of the circuit, 
the number of feet of wire in the circuit being double the 
length of the circuit. 

Example: What would be the volts loss in a circuit of 
No. 12 wire carrying 20 amperes a distance of 50 feet? 

20 x 2 x 50 x 10.8 
E   or 3.3 volts drop, or 3% on a 

6530 
110-volt circuit. 

Example: What, size of conductor would be necessary 
to give a 3% drop on a 110 volt circuit carrying 20 amperes 
a distance of 50 feet? 

Amps. x 2 x feet x 10.8 
CM - or 

E 
20 x 2 x 50 x 10.8 

CM -  or 6530 CM or a No. 12 wire. 
3.3 

Example: What ct:rrent can a No. 12 wire carry on a 
50 foot circuit with a voltage drop of 3.3 volts? 

CM x E 
Amp.=  or 

2 x feet x 10.8 
6530 x 3.3 

I=  or 20 amperes. 
50 x 2 x 10.8 

Current Calculations 

T he formula W =El, where W =watts; E = voltage 
and I =current, can be used to determine the watts 

W =EI; the voltage, E =T ; or the current; I =E. This 

formula is applicable where the power-factor is unity. To 
determine the current: 

2-wire, Direct Current: I =— 
E 

3-wire, Dire« Current: I = — where E is the voltage 
2E 

between the outside w:re and the neutral. 

2-wire, Single-phase: 1 = — , where PF represents 
E x PF 

the power factor of the circuit. 

3-wire, Single-phase. I =   where E is the volt-
2E x PP 

age between the outside wire and the neutral. 
W 

3-wire, Three-phase: 1=  , where E is the 
1.73E x PF 

voltage between outside wires. 
W 

4-wire, Three-phase: I =   , where E is the volt-
3E x PP 

age between one outside wire and the neutral. 
(Courtesy of International Association of Inspector,) 

FORMULAE FOR DETERMINING ALTERNATING 
CURRENT in Alternating Current Circuits 

r=C  _ 

1= 

I 

Xt =Condensive Reactance in Ohms =2irfc 
Z =Impedance in Ohms 
I =Current in Amperes 
B =Pressure in Volts 

r x, 

xi 

Vr Xca 

C E 

Vxz vca*riixi.-/kY 
rxi xe 

f =frequency in cycles 
per second 

L =ind. in Henrys 
c =capacity in Farads 
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CONVENIENT 

TABLES AND FORMULAE 
FORMULA FOR COMBINING RESISTANCE 

AND REACTANCE 

• r 

R •   
7t 4. A 

▪ « 

1 • 

r. 

✓ - V-"IL 

V =11. -7 -2—te 

V(1--)1+(y()1 

VI 
Or 

• r xi. 

" \r=i=. a L 

r XL 

r >is 

\r(J,7.7F--iva a — 

r XL X e 

V(.A2 (k.._kc)2" Vxo x.2+ rr (x..-242 

r. 

r=Resistance in Ohms 
XL—Inductive reactance in Ohms=2irft. 

f =frequency 
1 L =ind. in Hn rys 

Xc =Condensive Reactance in Ohms=21rfc c =capacity in Parada 
Z=Impedance in Ohms 
I=Current in Amperes 
11- Pressure in Volts 

DETERMINATION OF TEMPERATURE 
by Resistance Measurements 

Based on a temperature co-efficient for copper wire of .00427 at 
0°C. the following relations exist between resistance and temperature: 

R =Resistance of winding at T° C (Final Temp.) 
r =Resistance of winding at t" C (Initial Temp.) 

then R -234.5+T  
r 234.5 +t or T =7(134.5 +t)-234.5 

HANDY FORMULAS 
Power Transmission by Shaft 

Torque (in ft. lb.) x Rpm. Hp. 5250 

Hydraulics 
Hp. of Water Fall =.114 a cu. ft. per sec. x head in ft. z Ed. As-

suming 88% eff. of water wheel, then: 
100 cu. ft. per sec. with 10 ft. head •=100 Hp. 

Power to Drive Pumps 
Gal. per min. x Total head (inc. friction) Hp. 3960 a Ed. of Pump 

Fans and Blowers 
X x cu. ft. min. x water gage pressure in in. 

Hp. to drive fans 
33000 a Ed. of fan 

Water gage inches 1.728 os. per sq. in. 
K 

for ordinary fans to .65 for Sirocco type 

Rotating Mass Formula 
Useful in estimating time to start-stop or change speed of fly-

wheels. motors. etc. with certain applied torque 
WItt x change in Rpm.  Time (Sec.) 322 a torque (ft. lb.) 

MENSURATION OF SURFACES AND VOLUMES 

Area of Rectangle ..length a breadth. 
Area of Triangle -3¡ base a perpendicular height. 
Circumference of Circle ...diameter a 3.1416. 
Area of Circle ...square of diameter z .7854. 

To Find Diameter of a Circle of Given Area 
Divide area by .7854 and extract square root. 

To Find Volume of • Cylinder 
Area of section in square inches a length in incises n 

cubic inches. 
Cubic inches +1728 -Volume in cubic feet. 
Surface of a Sphere Square of diam. a 3.1416. 
Volume of a Sphere -Cube of diam. z .5236. 
Diameter x .8862 -Side of square of equal area. 
Diameter x .7071 =Side of inscribed square. 
Circumference =3.5449  z 'area of circle. 
Diamet«...1.1284 aN/area of circle. 

USEFUL ELECTRICAL FORMULAE FOR DETERMINING 
AMPERES, HORSEPOWER, KILOWATTS, AND Kv-a. 

To Find Direct Current 
ALTERNATING CURRENT 

Single Phase 2 Phase •—Four Wire Three Phase 

Amperes when 
Horsepower 
is known 
Amperes when 
Kilowatts 
is known 

lip . x 746 Hp. x 746 Hp. x 746 Hp. a 746 
E x % Et!. E a % Ed. x P.P. 2 aEa% Ed.:P.P. 1.73 x Ex % Ed. x P.P. 

Kw. x 1000 Kw. x 1000 Kw. x 1000 Kw. x 1000 
E E x P.P. 2 xExP.F. 1.73 x E x P.P. 

Amperes when 
Kv-a. 
is known 

Kv-a. x 1000 Kv-a. x 1000 Kv-a. x 1000 
E 2 x E 1.73 x E 

Kilowatts 
I x E IxExP.F. IxEx 2 xP.F. I x E x 1.73 x P.P. 
1000 1000 1000 1000 

Kv-a. 

Horsepower—(output) IxEx%Eff. 

I x E I x E x 2 IxEx 1.73 
1000 1000 1000 

IxEx%Eff.xP.P. IxEx2x%Eff.xP.P. 1:Ex1.73:%Eff.xP.P. 
746 746 746 746 

I =Amperes; E -Volts; % Ed. Percent Efficiency; P.P. -Power Factor; Kw...Kilowatts; Kv -Kilovolt-amperes; 
Hp. -Horsepower. 

• For three-wire, two-phase circuits the current in the common conductor is 1.41 times that in either of the other two conductors. 
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TEMPERATURE-CONVERSION CHART 

Tetnperature-conversion chart for easy conversion of 
readings from one temperature scale to the other. If 
%oil wish to remove chart for use as a separate 
reference, cut along dotted line at left. 

APPARATUS DEPARTMENT, GENERAL ELECTRIC CO., SCHENECTADY, N. Y. 
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METER CIRCUITS FOR CONANT INSTRUMENT RECTIFIERS If, HS, II AND T 

ALTERNATING CURRENT VOLTMETERS 

CAPACITY— IMPEDANCE 
METER 

UNIVERSAL AC—DC 
OUTPUT METER AMMETER 

DC ? 

o 
G.4? Fi  

HUNT 

.4 1 AMP. 

.0411 10 AMP. 

2000 41 
WIRE 

1 

I/O V. 
60,•-• 

A- SMALL CAPACIT/E9 
8- MEDIUM 
C- LARGE 

FIG. 7 
100.000.n. 

0-1AAAM. 

SCALE COMPARISONS 
*I f I  

.3 .4-

1 

.2 .3 .5 

1  

.2 

Fi6,6r1Î "1 I  

-51 .6 .7 

.7 

î 

.9 

.9 

1 

.9 11 

.6 .7 .9 

.8 .91  

1 
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MET ER CIRCUITS FOR BRADLEY REPLACEMENT TYPE INSTRUMENT RECTIFIERS CX 2E4U 

Replacement for all instrument rectifiers and for continuous operation in all circuits in which the AC voltage and the DC 
current does not exceed rectifier rating. 

In replacing any instrument rectifier the calibration of the instrument may be affected. It is recommended that replacement 
be made by the instrument manufacturer if recalibration is necessary. 

117; 
MODEL CX2E4U 

2 
3 4 
3 

d 

Position of Elements and Color Code 

CONNECT RECTIFIER IN CIRCUIT AS SHOWN BY DOTTED LINES CLIP OFF SURPLUS LEADS AFTER CIRCUIT HAS 
PROVEN SATISFACTORY 

+ e,   

_ 

6 

Half Ways 

141 4 

• 

_ _ 

12 

Half Wave High Voltage 

Volts AC 
Rating 

3 

3 Milliamperes 

4 

- _ -vv-• 

— — 

I 

15 

AC 

— — *AC 

DC 

h 

it i2 

_______ 

Volts AC 

h i- 4 

,• 

- 

_ _ _ _ _ 

Rating 

3 Milliamperes 

4  

4 5 

tiVW-.4C 

DC 

Half Wave High Voltage High Current Double Half Wave 
---+----*t ---4 -4 --i 4 4-

1 1 
.- , i a *4 15  I 2 3 . .... 

1 .f 
-• - - - Lvw-e AC 

- *AC 

_ 
Rating Rating 

12 Volts AC 5 Milliamperes DC 6 Volts AC 3 Milliamperes DC 

Double Half Wave High Current Full Wave Back to Back 

lb, h 4 4 [ • 110. I> 4 - 4-
1 

, 
3 -- 44 11 2 c .4. . 

- - e- 
15 

  - - - - -- '.J 
7 - -e' - -4-1,\A"-e,AC III- - - ,   __ 

  •-•— AC _ _ _, .1_ _ _ _ _ _ s•-,‘,\.NA \.,---&-V1_2 
Rating Rating 

6 Volts AC 5 Milliamperes DC 6 Volts AC 5 Milliamperes DC 

Full Wave Back to Back High Voltage Full Wave Bridge 

illel l> 

/ •• --, 
, J 

I 't 13 
_ 2 

4 1 

i 
-- - -*AC (---ii--,Ç --1 

, 

I '2. 
t.- - -  

I 4 

I 
13_ ,4. 
-`,- 
1 

4 

_ .à 

) 1--ç--- - "WeAC 4 l_  
) 

Rating ,_ Rating 
12 Volts AC 5 Milliamperes DC 6 Volts AC 5 Milliamperes DC 

CAUTION: Precision rectifiers should never be operated at greater than rated AC Voltage or DC Current. Bradley recti-

fiers will withstand several times voltage or current for instantaneous service but must not be operated on continuous service 

at higher than normal rating. Handle flexible leads with care and do not replace leads if they are too short. Leads are 

soldered to lugs before assembly to prevent heat of soldering from damaging elements. If lead is too short, solder ertension 

to present lead. Rectifiers must not be disassembled and adjusting screw and nut must not be moved as elements are 
adjusted and sealed at the factory. 
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A.C.MOV1NG /RON TYPE AMMETER 8 VOLTMETER 

POINTER ----

SPRIWe —  

TERMINALS 
FOR 

AMMETER 

J E1N EL SE NtIN11 

METER 
COIL 

MOV111111 VANE 

M [MCI 

COIL 

- MET Effil COIL 

-Ft /MCI VANE 

- MOVING VANE 

VOLTM C.T ER 
TERMINALS 

C 

130E • 

300 C. ,0-vvvv•V 

, 

MOVING VANE 

METER 

COIL 

VANES Alien . I' LONG A» 11;111 

REPULSION OF VANES 

COYNE 
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WATTMETER AND WATTHOURMETER DIAGRAMS 

LINE 

INDICATING WATTMETER. 
CURRENT ELEMENT, 

LOW REsISTANCE., 

to MRRETSS 

FLEXIBLE 
-CONNECTIONS 

POTENTIAL ELEMENT, 

r RESISTANCE. - 
1 

SSS 

MAY BE USED ON EITHER RESISTANCE 

A.C. OR D.C. CIRCUITS. TO LOAD 

LINE 

D. C. INTEGRATING WATTMETER. 

ALUMINUM DISC. 

GEAR 

-.SILVER COMMUTATOR AND BRUSHES. 

- CORE NON -MAGNETIC. 

FRICTION 
COMPENSATING 

COIL 

LOAD 



A. C. 
±0-

.5 AMP 0-

1 AMP 

5 AMP 

10AMP 

226,780‘) 

Volts, 

Volts, 

O A.C. 
VOLTS 

210 

Rol 

15 V 

1.5 V 

OHMS 

2,586 

THCSE SPOOLS 
SIOuN'T ON BACK 
OF MCILFt 

• O— 
R 

23.3 

ScRics 

(21,187w 

 t/1/V1M  
A.C. 

VOLTS 

5 
15M 

30 
120M„, 

150 

150M 

300 
450M 

750 

10M(,) flN 

t8d 

17.5 t\n,.., 

D.C. 
VOLTS 

10 

80034 

50 

3m 

200 

500 

IÓ00 

— 9 D.C. 0 + 
VOLTS 

 o —D.C. 

A.C. 
AMPS 

WESTON INDUSTRIAL CIRCUIT TESTER - MODEL 785 

236.5 w 

2504 

23‘s5 

15000)  

1 M A 

10 MA 

100 MA 

1 AMP 

10 AMP 
.oz6c.) 
7500 „ 

AMPS 

1500 u, 

 o + 
50).1 AMPS. D.C. 

d-c. 1000 500 

750 300 

Resistance, full-scale. 
Resistance, center-scale. 

Connections as seen from back of panel. 

200 50 10 I Current, d-o. 10 amps, 1 amp, 100 ma, 10 ma, 1 ma, 
150 30 15 5 50 microamps. 

Current, a-c. 10 amps, 5 amps, 1 amp, 0.5 amp. 

Megohms: 30 3 Ohms: 300,000 30,000 3,000 
0.25 0.025 2,500 250 25 

M
E
A
S
U
R
E
M
E
N
T
S
 A
N
D
 
T
E
S
T
S
 
-
 C
I
R
C
U
I
T
 T
E
S
T
E
R
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METER SWITCHING CIRCUITS - ALLIS-CHALMERS TYPE 153 ROTARY SNITCHES 

A.C. AMMETER 

A B C 

LOAD AM. SW. 

BACK OF 

BOARD VIEW 

OFF 

NTACTS 

POSITION 

OFF I 2 3 
2-4 X X 

4-6 X X 

8-10 X 

10-12 X X 

NAME PLATE 
F. V. 

DRUM DEVELOPMENT 
(NON-SPRING RETURN .) 

Three-phase Ammeter Switch (Cat. 153-2-39). 

A.C. AMMETER 

 02 10-

4 

65 

8 To— 

e 90---

3 

BACK OF BOARD VIEW 
G FtD. 

N 

1 

1 

70 LOAD 

OFF 

a 
3 

OFF 

NAME PLATE 
(F.V ) 

CONTACTS 
POSITION 

OFF I 2. 3 
I-2. X X X 

1-3 X 

2-4 X 

3-5 x 
A- 8 X 

5-6 X X X 

7-8 X X X 

7-9 X 
8-10 X 

DRUM DEVELOPMENT 
(NC/N-SPRING RETURN) 

Three independent circuit Ammeter Switch (Cat. 153-2-34). 

VOLTMETER 

BACK OF BOARD VIEW 

GROZ ND 

OFF 

ON ON 

NAME PLATE F. V. 

DRUM DEVELOPMENT 
(N ON-SPRING RETURN) 

CONTACTS 

POSITIONS 

OFF ON OFF ON 

I - 2 X X 

F • Voltmeter Switch, single pole, a-c or d-c — (Cat. 153-3-4 switch only) (Cat. 153K-3-4 key only) 
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METER SWITCHING CIRCUITS - ALLIS-CHALMERS TYPE 153 ROTARY SWITCHES 

A. C. 

BACK OF BOARD VIEW 
L. L. 

Z 
0 0 0 0 

2[ o fl i' 

14c1) rti 

CAT. 153 - 3 -3 SWITCH ONLY 

CAT. 153K-3 -3 KEY ONLY 

OFF 

ON ON 

OFF 

NAME PLATE F. V. 

VOLTMETER 

A.C. 

CONTACTS 
POSITIONS 

OFF ON OFF ON 

I - 2 X X 
3-4 X X 

DRUM DEVELOPMENT 
(NON-SPRING RETURN) CAT. 15 3 - 3 -10 

CAT. I53K -3 -10 

Voltmeter Switch, single-phase, or two pole d-c or frequency meter switch. 

FREQ. METER 

SWITCH ONLY 

KEY ONLY 

A.C.CIRCUITS WITH 
POT. TRANS. 

VI - 02 I 

3   

V3 

-o6 50 

VOLTMETER 
A.C. OR D.C. 

o8 7o-

IND. CIR. 
A£. OR D.C. 

• t -o2   

I -04   

So 

2 --o8 70  

L. L. L. BACK OF BOARD VIEW 

0 — 

o 

7 
o 

OFF 

OFF 

NAME PLATE F. V. 

3-WIRE D.C.  

 04 30  

--06 50 

) —05 70  

CONTACTS 

POSITIONS 

OFF I 2 OFF 1 2 
I- 2 X X 
3-4 X X 
5-6 X X 
7-8 X X 

DRUM DEVELOPMENTS 
(NON-SPRING RETURN) 

Voltmeter Switch — 2-phase, 3-wire, or 3-wire d-c, or two independent circuits — (Cat. 153-3-2 switch only) 
(Cat. 153K-3-2 key only). 
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METER SWITCHING CIRCUITS — ALLIS—CHALMERS TYPE 153 ROTARY SWITCH:ES 

N 

A 

B 
A.G. VOLTMETER 

8 70—.--• 

OFF 

 02 I 

2 

OFF 

NAME PLATE 
F V 

DRUM DEVELOPMENT 
(NON-SPRING RETURN) 

 ,04 3 

 06 50 

 08 70 

BACK OF BOARD VIEW 

CONTACTS 

POSIT ON 

OFF I 2 3 

I - 2 X 
3-4 X 
5-8 X 

7- 8 X X X 

Voltmeter Switch, three-phase, four-wire. 

CAT. 153 - 3 -S SWITCH ONLY 
CAT.I53K- 3 -5 KEY ONLY 

A.C. 3 PHASE 

POT. TR. 

 04 

A.G. 3 PHASE 

 •  

D.C. 3-WIRE 

( - ) 
VM 

5 cr---

8 7 

2 

2 I   

r..„,  04 3   

I 06 

OFF 

 08 

BACK OF BOARD VIEW 

2 
NAMEPLATE 

F.V. 

DRUM DEVELOPMENT 
(NON-SPRING RETURN ) 

Voltmeter Switch for 3-phase, 3-wire — (Cat. 153-3-6 switch only) (Cat. 153K-3-6 key only). 

 02 I 0  

 043 

 06 50-

 08 7 

CONTACTS 

POSITION S 

OFF I 2 3 

I -2 X X 
3-4 X 
5-6 X 

7 - 8 X X 
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METER SWITCHING CIRCUITS - ALLIS-CHALMERS TYPE 153 ROTARY SWITCHES 

A 

machine and bus, without interlock. 

SYNCIIROSCOPt 

-e- SYN. 
LAMP 

I. 

sy• 
LAMP 

430 

SYN. SW 

0.0 9' 

SYN 
SW, 

•  

SYN 
A 

 0550 

•   

4 

CONT.   

1) RELAY 
.4. GEN 

CLOSING 
COIL 

C ) 

CIRC. IIRK 
CONY SW. îCAT 133 1-1 
TRIP 
COIL 

etxs'.W1 

OFP--.ON OFF-0,1 

el 
OPP 

DRUM DEVELOPMENT 
(NON-SPRING RETURN) 

coNTiemPOSITONSI 
Orr ON 

I - 2 
3 - • 
5 - 

CAT 153-3-9 SWITCH ONLY 
CAT 153K-3-5 KEY ONLY 

eej 
DRUM DVELOPUENT 
(NoN-SPRING RETURN) 

ROL SAIS. 

CAT 153.3 -9 SWITCH ONLY 
CAT 153K-3-9 KEY ONLY 

O 

Synchronizing Switch, between Fig. 12A Synchronizing Switch, between 
machine and bus, with interlock. 

A 

2 

SYN.SW. 

MAN. 
OPER. 

ELEGY 
OPER 
CDC B. 

1=1 

DRUM DEVELOPMENT 
(NON-SPRING RETURN) 

5TH 

1 

43 

63.  

CONT.. 
RELAY 

CLOSING 
COIL 

IC°17- RUN 
4 Y  

OPP INC- CAT 153-n-I 
CAT 163K -23-1 
GAIL331(.23.1A 

SWITCH ONLY 
.RUN'KEY ONLY 
'ING'Kve ONLY 

[ SYNCHROSGOPE .....Y---

-  

CONTROL SUS 

CIPC EIRK 
COWL SW 
ce, T.193-1-1 

TRIP 

AUX. 
SWS 1 .1 • e 

•  

OFP--.RUN 
OFF 

NUN IN 

NAME PLATE 

DRUM DEVELOPMENT 
(NON-SPRING RETURN 

IR 
O 

INCOMING AND 'RUNNING' KEYS 
REMOVABLE IN 'orr. POSITION 

CAT.I53- 23-2 
CAT I53K-23-2 
CAT 133K-23-24 

SWITCH ONLY 
'RUN. KEY ONLY 
'INC. KEY ONLY 

Synchronizing Switch, between 
machines, without interlock. 

Fig. 13A Synchronizing Switch, 
between machines, with interlock. 
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.001 
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  C29  
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0.15 

700-7000 C 31  

(i6-601c. 0C• 32  

'.00 2 

SWEEP 
RANGE 

RCA CATHODE-RAY OSCILLOSCOPE - TYPE No. 155C 

Frequency range of timing axis oscillator = 10 cycles to 60 kilocycles per second. 6C8G 'tube. 
Deflection sensitivity at 1 ko, gain controls max., 1 volt r-m-s per inch, 2.8 peak-to-peak volts. 
Sine wave response: + or - 10% to 40 ko, 20% to 80 ko. Useful range, to 200 ko vert, and hor. 
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OSCILLOGRAPH RECORDING 
TIME BASE METHODS • LINEARIZATION 

I—WAVE FORM 

ANALYSIS PULSED 
WAVE 

2—FUEL LINE PRESSURE. 

AUTOMOTIVE TESTS 

3—PRESSURE WAVE, 

DETONATION TEST 

4—TEST ON FLASH BULBS 

5—ELECTROCARD10- 6—PULSED WAVEFORMS 

GRAM FROM MULTIVIBRATOR 

9—FREQUENCY RATIO 10—MODULATING WAVE 
5:4 AS TIME BASE. 

TRAPEZOIDAL PATTERN 

11—FREQUENCY RATIO 
3:4 

12-1.1 RATIO WITH 
HARMONICS 

7—CARRIER WAVE 8—RATE OF CHANGE OF 
PATTERN 100% PRESSURE WAVE, 
MODULATION DETONATION TEST 

SINGLE ,IDEO 

VERTICAL *-1 

AMPLIFIER 

DEFLECTION SYSTEM BALANCED DEFLEC TION SYSTEM 

E HORIZONTAL 

AMPLIFIER 

CONNECT TO 
11..”NG ASS 
OSC ,LL•TON ETC 

LINEAR TIME BASE (Single Sweep) 

BALANCED 

% PUSH PULL 

cª) 

BALANCED 

e. PUSH PULL 
L,.. AMPLIFIER 

CONNECT TO 
T,NINA NNE 
OSCAL•TON ETC 

in the usual small general-purpose oscillograph, 
one of each pair of deflection plates is grounded, 
as in IA). In larger, precision instruments the 
deflection plates are isolated from each other 
and balanced amplifiers are needed, as at 181 

In a single sweep system (above) o separate synchronizing pulse is required to start each 
discharge. If the time base circuit is adjusted so that self oscillations occur, a recurrent 
form of oscillogram results (shown below). The latter is the most usual form of °sonogram 
It is useful if the wave under study repeats in a cyclic manner. In either case a similar form 
of pattern is obtained 

Linear Sweep Displacements along the time axis are precisely or OpprOXIMOTely propor-
tional to time, depending on the degree of linearization introduced by circuit designer 
In single frequency sweep circuits, such os is used for television and rDclor applications 
precise linearization con be accomplished. In equipments arranged to cave, a wide range 
of frequencies less constancy of the horizontal travel speed usually is found at certain 
points in the frequency range. linear sweeps for frequencies higher thon o few cycles per 
second utilize the voltage across a slowly charging capacitor to control th c deflection along 
the time axis. The charging curve is altered from an exponential to a linear curve by 
providing o constant valued charging current to the capacitor. 

reCN.ON Z 'NG *NO •No_.7,,e( 
C NS 7117* 
CURRENT 
C eNeGING C.Ct 

Four methods for connecting the RC timing circuit 
of a linear sweep to the thyiatron control tube. 
A and B utilize a slowly built up charge and fast 
discharge, C and D a slow discharge and a fast 
charge. The over all results are similar. 

cod 

s',NC NRCNN/ 'TOG 
ND Aug% TuDE 
0.,.0t CC TS 

SOURCE OF A C 

WHOSE FREQUENCY 

IS KNOWN 

SINUSOIDAL TIME BASE 

FREQUENCY 

BEING STUD1E D 

The symbol for a cathode 
ray oscillograph showing 
the connections either to the 
vertical and horizontal 
deflection plates or to the 
amplifiers associated with 
those plates. 

It a sine wove voltage is applied to a set of de-
flection plates, and alternating voltage under 
test to the other plates, the well known Lissojou 

figures result. The pattern depends on the relative frequencies, their harmonic contents and 
the phase differences between them Rules for determining the ratio from the pattern f/n 
is to divide the number of times the troce intersects the horizontal axis (or any line parallel 
to this axis) by the number of times it intersects the vertical axis, (or a line parallel to it). 
An inversion of the frequency ratio is equivalent to viewing the diagram turned 90 . This 
rule is useful if the harmonic content of either of the frequencies is less thon say 25% of 
the fundomentol, and is unaffected by phase differences. 

ELECTRONIC INDUSTRIES 
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SYSTEMS ISYNCHRONIZATION 

.0( 
 iS.SI EREQUINCE 

to CR1 
• wont! 

Ot 1•GI R 
Ni RI R, FIST .RF Out loc, 

...00..• ,1 S CAT •..001 
e0t ,ACE 

S.NuSOID•L TIME 
BASE 'RE OUE env 

'fn.:W[047 
ACING S,u0.(0 

Thi is similar to one with o linear sweep. The spot 
moves radially to and from the periphery of o 
circle. The angular advance of the radian con-
taining spot is at o constant speed. Such a sweep is simple, but applying signal to produce 
the radial excursions is not easy. There ore four common arrangements: Use of modulated 
anode currents, Fig. A, has the disadvantage that intensity of trace decreases with its 
distance from center of circle Use of a double deflection system. Magnetic deflection coils 
connected in quadrature to a sinusoidal time base frequency produce the basic circle. 
Test voltage is connected through phase splitting circuit to the plates, Fig B. The third 
method uses a so-called "polar coordinate ' cathode ray tube containing an additional 
pair of concentric truncated cone shaped deflectors to which the signal to be anlayzed is 

placed, Fig. C. These are actually "circular", not polar diagrams. The fourth method uses 
a double phose•shifting circuit, Fig. O. 

A review of the basic equipment arrange-

ments for displaying cathode ray tube patterns. 

In three parts • PART 1-SINGLE FREQUENCY TIMING 

S NuS0104‘. tan 
MAST f R(QiJiifCT 

--t iriuso.D•i.TIME 
s•st rticov(t.c.  

CIRCULAR TIME BASE 

Here the connections from the synchronously 
driven transformer to the vertical and hori• 
zontal deflection system produces a rotating 
vector whose amplitude (p) is proportional 
to input current and to the speed 

In a,polor cure, the radius vector is at oll ROTATABLE 
times proportional to the quantity being 
measured, and the angular movement of this 
vector either is linear with time, or is proportional 
to some other factor involved in the problem 

(such as position) True polar curves are not easy to obtain with a cathode ray tube. In one 
of the best methods a 2 phase rotatable transformer is turned at constant speed, or at o 
rote equivalent to the mechanism under test. 

This rotatable tronsforiner delivers two 90 voltages, which are proportional to the 
flux rate-of -change when a steady current is applied to the rotor These voltages applied 
to the deflection plates produce o circular trace. A variable current to the rotor turning 
at constant speed produces a polar curve. With o DC source on the rotor, which is connected 
to a machine so that it follows the movements of the driving shaft, the diameter of the 19—POLAR DIAGRAM. 20—POLAR DIAGRAM OF 

circle produced is proportional to the speed. Therefore, a -bump- on the circle indicates SAWTOOTH WAVE SINE WAVE 

acceleration 
Another method of indicating speed variations is to apply high frequency 

ing where speed variations occur. 
pulses to the rotor. A spoked pattern results; the separation of the spokes show-

3 WAVEFORM APPLIED 14-780 CYCLE WAVE 

TO CIRCULAR TIME BASE ON 60 CYCLE BASE 

15- TIME BASE 

ROTATING SAME 

DIRECTION. 26 I 

16—ROTATING OPPOSITE 

DIRECTIONS 26 I 

As in the arrangement at the left o sinusoidal voltage of known frequency may be 
used as a linear time base if its amplitude is increased so that the diagram extends 
greatly beyond the edges of the cathode ray tube screen In this case the visible 
oortion is substantially linear The waveform 
of any unknown wave applied to the vertical 
plates will be essentially correct If the voltage 
applied is sufficient to give a deflection of, say five times the screen diameter, the greatest 
deviation from true linearity of the time base will be 2",,, assuming no distortion in the 
deflection. It is usually desirable to blank out the return sweep A small voltage of the same 
frequency as that of the time base can be applied to "Z axis- terminals (affecting the modu-
!ation grid of the cathode ray tube) to extinguish the pattern during the return interval 
This sweep method is simple to apply (60 cycle voltages sometimes being sufficient) and is 
useful in waveform study It also serves in determining frequency ratios of a higher order 

& ELECTRONIC INSTRUMENTATION 

17—POLAR DIAGRAM. I8—POLAR DIAGRAM OF 

SHOWING AN IRREGULAR WAVE 
8 I RATIO 

2I—EXTENDED 22—SINE WAVE ON 

SINUSOIDAL BASE EXTENDED ELLIPTICAL 
RETURN SWEEP BLANKED BASE 

23—VERTICAL WAVE IS 

ONE CYCLE OVER AN 

EVEN MULTIPLE T)F BASE 

24—WAVE IS 2 CYCLES 

OVER AN EVEN MULTI-

PLE OF TIME BASE FREO 
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CATHODE RAY OSCILLOGRAPH 
RECORDING SYSTEMS 

25 26 
TYPE B—RECTANGULAR TYPEC—RECTANGULAR 
DISPLAY WITH 1NTENS• COORDINATE SCAN, 
ITY MODULATED BEAM MODULATED AS IN 

TYPE 8 

27 
TYPE RHI, TWO DIREC-
TIONAL SCAN Y AXIS 
REPRESENTS HEIGHT 

29 
TYPE H ,DOUBLE DOT -
DISPLAY DOT SPAC-
ING INDICATES ELEVA-

TION 

31 
TYPE .1, SIMILAR TO 
TYPE A SCAN BUT USES 
CIRCULAR TIME BASE 

28 
TYPE E. SIMILAR TO 
127) BUT Y AXIS 
SHOWS ELEVATION 

ANGLE 

30 
TYPE I OR RTB DISPLAY 
USES RADIAL TIME 
BASE SWEEP SYSTEM 

32 
TYPE PPI DISPLAY CIR-
CULAR SCAN r- AZI-
MUTH, RADIAL DIS. 
TANCE = RANGE 

33 34 
TWO SUPERIMPOSED SAME FORM AS 133 
DIAGRAMS USING BUT AXES ARE WS-
ELECTRONIC SWITCH PLACED VERTICALLY 

SAME AXIS 

35 
A WAVE AND ITS 
RATE-OF-CHANGE VER-

SION SUPERPOSED 

36 
SUPERPOSED PAT. 
TERNS ON METAL AN-
ALYZER (DUMONT CV. 

CLOGRAPHI 

NECK OF 
TUBE 's 

I TO SWEEP 
CIRCUIT 

DEFLECTION 
COILS 

CRT 

Left—For a PPI display o Rotatable Magnetic 
Yoke (driven by motor) surrounds neck of cath-
ode ray tube. Electron beam is perpendicular 
to paper Right —Circular azimuth position con-
trol with 360° continuously rotatable potenti-
ometer. This might be used in a B sweep, etc. 

The development of circuits for displaying radar patterns makes great use of doubly 
timed sweep systems. Many combinations found use in this program, a few being shown 
here. 
The presentation of radar data to the observer may utilize any of the time base systems 
used in regular cescillography. A modern rodar dota display system must disclose at least 
two of the three factors necessary to locate a point in space: direction (azimuth), elevation 
(or sometimes elevation error), and distance (range). Earliest systems disclosed only range 
as with Type A display (not shown), as the direction was indicated by means other than 
the CR tube screen. In some arrangements the three factors are displayed on two tubes, 
with one factor (such as elevation) common to both. 

Range data is handled by utilization of travel TIME of a signal too and from the target. 
Other data is not dependent on TIME but on the simulation of the position of the directive 
antenna 'system on the screen. Magnetic deflection arrangements are quite common in 
radar circuits. To obtain the PPI type of display (oscillogram 31) one design of radar 
utilizes magnetic deflection coils that rotate about the neck of the cathode ray tube, 
being driven by a synchronous motor. 

Push-pull stationary deflection yoke for PPI type 
display. Input signal is distributed to four tubes 
by a two-phase rotary transformer, whose rotor 
follows the antenna driver. 

INPUT 

TO SWEEP 
CIRCUIT 

In on electron switch,two pentode amplifier 
stages both operate into the vertical deflec-

tion system. Each amplifier 
handles one of the two input 
signals. The stages alternately 

 ° function and block by the 
switching potential produced 
by the triode multivibrator cir-
cuit, at a frequency much high-
er than that of the signals. 

The trace of an oscillogram is produced by a 
small luminous spot moving around on the 
screen, usually at a speed fast enough so that 

it appears as a line. This principle can be extended so that two separate patterns can 
be superimposed on the screen, by alternately displaying small sections of each pattern. 
On recurrent diagrams both will appear complete to the eye. A separate amplifier is 
necessary for each waveform displayed. These amplifiers are alternately blocked to the 
"cut-off' point" by the application of a high frequency blocking potential to the ampli-
fiers, so that alternate half cycles prevent the amplifiers from passing the signal to the 
deflection system. This switching frequency is usually hundreds of times higher than the 
time base frequency. The two traces may have the same base line or they may be offset. 

ELECTRONIC INDUSTRIES 
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TIME BASE METHODS 

LINEARIZATION 

SYNCHRONIZATION 

Two linear time base circuits, having a 
definite frequency ratio, are applied to 
the vertical and horizontal deflection 
systems of a cathode ray tube, in o 
manner similar to that used in a tele-
vision system. The wave form or timing 
pulse is applied in series with the time 
base having the lower frequency of 
the two. 

A trace appearing on the screen, using the reg-
ular recurrent type of linear time base, can 
gradually be offset in a vertical direction so 
that successive traces are not exactly superimposed. The time base is thus similar to the 
well known television raster. The vertical shift potential should hove a frequency that is 
a direct submultiple of that of the horizontal time base. This scanning system is useful in 
measuring precise time intervals, since the length of the time scale effectively is extended 
by an amount equal to the ratio of the scanning frequencies. The pulses representing the 
effect under investigation are injected into the amplifier stage that provides the vertical 
shift effects. For example, if the horizontal sweep is 100,000 cycles and the vertical fre-
quency 1000 cycles, time intervals to the nearest 0.1 microsecond can be measured. 

HORIZONTAL  
SCANNING 
CIRCUIT 

Part II of a three part review of the basic methods and 
equipment for displaying cathode ray tube patterns. 
Here the timing base system operates in accordance 
with the combined effect of TWO DIFFERENT FREQUENCIES. 

l_r_ SIGNAL 
M P LIFIER 

VERTICAL 
SCANNING 
CIRCUIT 

SCANNING SYSTEMS 

One method of providing a spiral sweep 
utilizes a saw tooth voltage input to the 
rotor of a rotatable transformer, driven by 
o motor at a speed equivalent to the circu-
lar speed desired. The voltage E shown 
here prevents the spiral from starting at 
the exact center. The signal is superim-
posed on the saw tooth potential to give 
supplementary radial deflections. 

Here the circular time base (mentioned in Part 
I of this series) is modified so that on successive 
revolutions, the spot follows an Archimedian 
spiral, and moves with uniform angular vel-
ocity. Pulses (representing the effect being studied) are superimposed on the potential 
that produces the radial displacement. The method has the same features as the above-
mentioned scanning arrangement. To produce the sweep an auxiliary saw-toothed voltage 
is superimposed on the circular time base frequencies so as to initiate a supplementary 
radial deflection. If the signal to be displayed is of a recurrent nature it is necessary that 
the time base frequency that produces the circular trace be a multiple of the recurrent 
rate. The ouxiliory deflection con best be equal to the frequency of the recurring signal. 

SIGNAL 
AMPLIFIER 

SAW TOOTH 
OSCILLATOR 

SPIRAL TIME BASE 

A closed loop pattern of a complicated nature can be extended linearly in the hori-
zontal direction. In other words, it is doubly displaced along this axis. 

With this arrangement the horizontal displacement from a linear time base has a smaller 
sinusoidal displacement superimposed on it, resulting in an oscillogram that presents 
analytical advantage in certain problems. For example, the normally narrow ellipse 
appearing in phase angle measurements in some circuits may be difficult to analyze since 
the minor axis is too small for precise measure-
ments. In trace (33) this ellipse is drawn out, 
either by the use of an auxiliary linear sweep 
superimposed on the horizontal deflection system (as by the use of auxiliary deflection 
coils in addition to deflection plates) or by photographing the ellipse on a continuously 
moving film. If the speeds are adjusted so that the intersections of the trace (the necks of 
the loops) occur on the horizontal axis (the zero point on the ordinate scale) the distance 
between the horizontal intercepts that the normal ellipse would have had, is equivalent to 
one-half the distance between the points where the trace intersects at the necks of the 
loops. This may be measured across several loops for even greater accuracy. 

& ELECTRONIC INSTRUMENTATION 

37 
TWO TIME BASES WITH 
101 RATIO GIVE REC. 
TANGULAR RASTER 

39 
SIMILAR TO t311) SIG. 
.NAL MAKES INTENSITY 

CHANGES ALONG 
SCAN LINES 

41 
EXTENDED CIRCULAR 
TIME BASE USING SPI-
RALLING PRINCIPLE 

43 

2 1 SPIRALLING CAN 
SHOW TIMING RUA. 
TIONS ON TWO CYCLE 

ENGINE 

38 
SCAN SIMILAR TO (381 
SHOWING EXPAN• 

SION FOR WAVEFORM 
STUDIES 

40 
SAME METHOD WITH 
MORE SCAN LINES 
FORMS BASIC TELE. 

VISION SYSTEM 

42 
SPIRAL TIME BASE TO 
SHOW POSSIBLE MIS-
TIMING OF RECUR. 

RING EFFECTS 

44 
PHASE ANGLE STUD 
IES LOSS INCREASES 
WITH APPLIED AC 

VOLTAGE 

45 46 
ELLIPTICAL PATTERN SAME AS ,45I ADJUST. 
(SHOWING PHASE ED SO INTERSECTIONS 
ANGLE EXTENDED OCCUR ON HORIZON. 

HORIZ TALLY TAL AXIS 

47 48 
COMPLEX FORMS OF ELLIPTICAL PATTERNS WITH 

EXTENDED SWEEPS. ONE PART OF ELLIPSE IS EX-
PANDED AND THE OTHER CONTRACTED DURING 

CYCLE 
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CATHODE RAY OSCILLOGRAPH 
RECORDING SYSTEMS PART III 

49 

CHECK ON "WOW OF 
RECORDER 

50 

LIFT AND VELOCITY 
CURVES OF COMB. 

ENGINE 

HORIZONTAL DEFLEC-
TION REPRESENTS 
MACHINE SPEED 

INDICATOR CARD 
STEAM ENGINE, PRES-
SURE VS POSITION 

53 54 
RADIAL PATTERNS OF ROTATIONAL SPEED 

USING 2 0 SYNCHRO. DIAGRAM AT LEFT IS 
MODULATED RADIALLY 

POLAR OUTPUT PAT-
TERN OF TUNGSTEN 

LAMP 

52 

WAVEFORM STUDY 
WITH VELOCITY 

MODULATED HORI-
ZONTAL SWEEP 

59 

Y - SINE WAVE 
VELOCITY MODU 
SATED SAWTOOTH 

SWEEP. 

56 

CHECK OF SPEED DUR. 
ING A REVOLUTION. 
Z-AXIS MODULATED 

58 

Y SAWTOOTH. 
VELOCITY MODU• 
LATED SAWTOOTH 

SWEEP 

60 

Y SINE WAVE 
X VELOCITY SET BY 

SINE WAVE 

LINEAR DISPLACEMENT SWEEP 

TO 
RECIPROCATING 
MECHANISM 

° TO HORIZ. 
iDEFL AMPL. 

WEIGHT 

-0 
TO HORIZ. 

IDEFL. AMPL. 

MECHANICAL LINK 
TO ROTARY MOVEMENT. 

In studies on engines and other mechanisms a delineation of certain positions of parts 
or effects occurring with respect to the instantaneous position of some rr aster movement 
is needed. The pattern may have either a linear or a rotary base. For the former to 
get a position or displacement control of deflection, the simplest arranç ement is a cord 
or belt-driven potentiometer or slide wire rheostat connected as a hcrizontal position 
controller in the oscillograph circuit shown above. Either rotary or reciprocating 
motions can be converted to a linear displacement sweep in this way. These sweeps can 
be calibrated by stopping the mechanism at various points along its travel and noting 
the position of the spot at each point. Since only one axis is used to get this for the 
linear displacement sweep, the auxiliary surges, etc., representing associated effects 
can be displayed using the other axis on the cathode ray tube screen. 

ROTARY DISPLACEMENT SWEEP 

CHRECT LINK 
COUPLING TO 
MECHANISM 

For displaying data of rotating mechanisms, the spot may follow a zircular path in 
accordance with the movements of a master. Since the positional correlation must be 
exact throughout the revolution, it is not sufficient to synchronize the trace once per 
cycle, with a constant level speed for the rest of the rotation, and so is sweep differs 
from the circular time base, heretofor described. For slow movements, a four-armed 
rheostat connected as indicated above, can be rotated continuously by the master 
mechanism. Using a 360 circular rheostat the spot on the screen describes a square 
trace instead of a circle, but the square rheostat reduces this discrepancy. For studies 
of speed variations throughout a revolution, a two phase rotary !ynchro can be 
used coupled to the machine, its rotor excited with a high audio frequency, and con-
nected as shown above. Auxiliary excursions in a radial direction -epresent other 
phenomena occurring during a revolution, such as valve operation, ignition voltages, etc. 

VELOCITY CONTROLLED SWEEPS 
TO HORI Z. 

()EFL. 
S'EST EM 

In a velocity-controlled sweep 
variations of some effect under 
investigation controls the speed 
of traverse of • he spot in the 
horizontal direction. The value 
of such a systen might be evi-

- dent when a raie-of-change ef-
fect must be considered in in-

terpreting the patterns. To produce such an effect the charging rate of the capacitor 
C (circuit above) depends on the anode current in 71, which varies continually in 
accordance with the level of the control signal applied to the amplif er. At the end 
of a desired deflection excursion, the anode voltage to the thyratron T 2 reaches a 
discharge value set by the bias on its grid, fires and a new sweep starts. The hori-
zontal deflection displacement depends on the instantaneous voltage on C. This 
sweep is similar to an ordinary linear time base except for the controlled variable 
charging rate. The characteristics of the tube Ti must be carefully selected and adjusted. 

ELECTRONIC INDUSTRIES 
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On these pages, Part Ill of a series describing typical cathode ray tube patterns, methods for automati-
cally making plots of data, which represent interrelated effects are outlined. In these diagrams A TIME 
SCALE IS NOT PRESENT as such. In typical applications the position of the spot on the pattern simu-
lates the position of a reference point on an operating mechanism. 

X-Y RECORDING 

SEDE ROTE 
--RESISTOR& 

A large variety of oscillographic studies find common use in which characteristic 
curves of certain equipment are automatically plotted to a convenient scale; graphical 
diagrams of interrelated effects. A few common examples are: 

Characteristics of electron tubes showing relations between i„, eg, ep, i,„ r„, etc. 
Volt-ampere curves with variations in load, resistance, phase, etc. 
Color characteristics, showing intensities in the visible wavelength range. 
Frequency curves of transformers, amplifiers, microphones, pickups, speakers, etc. 
Relationships relating to flow, temperature, pH, concentration, etc. in industrial 
processes. 

Most of these displays are obtained by simply connecting the deflection systems to 
suitable test circuits. In case the effects under investigation are not represented by 
variations in electrical quantities, it must first be converted to an electrical quantity. 
An extension of these methods permits the display of families of characteristic curves, 
by the introduction of sequential variations of an independent variable. Here either a 
motor driven commutator systematically applies these variations in synchronism with 
the horizontal deflection plate, or a self-actuated stepping switch is connected in this 
role. The horizontal deflection usually represents some factor that is not directly 
associated with TIME but sometimes it is convenient to vary the factor that produces 
the horizontal deflection at a linear or a sinusoidal rate. The TIME factor in this case 
is only incidental. Magnetic tests are used for the study of permeability, coercivity, 
core loss, etc., to indicate expected operation in electrical equipment, or some dif-
ferent property such as temper, hardness, alloy content, etc., or the existence of 
concealed flaws. Typical arrangements are shown in the next section below. 

C, 

MAGNETIC TESTING 
STANDARD 

SAMPLE 

A hysteresis curve (pattern 69) can be delineated either by the direct method, 
where flux from the sample itself produces a vertical (B axis) deflection (left above) 
or by voltages induced in a search coil around the magnetic sample (center circuit) 
produce the B axis deflection. The latter is proportional to the rate-of-change of flux 
instead of to the actual flux density, so an integrating, correcting network (R and C) 
is added. Other magnetic inspection methods use comparison principles, where, flux 
from one sample is compared directly with that of another sample or standard. With 
equal specimens and equal magnetization a straight diagonal line results. In another 
method (circuit at right) induced voltages representing the rate-of-change of flux are 
connected series-opposing to the vertical deflection amplifier. With equivalent sam-
ples, the resultant diagram is a horizontal line (pattern 70), or otherwise is as in (71) 
and (72), etc. These tests are easily set up along production lines, so that either 
raw stock or fabricated parts can be checked. 

ELECTRONIC INSTRUMENTATION 

X VOLTAGE 
Y CURRENT ON 
POWER LINE WITH 

CORONA 

UHF ANTENNA TURNS 
IN SYNC. WITH SWEEP 

62 

SPECTRUM OF TUNG-
STEN LAMP 3200 °K 

64 

AMPLIFIER CURVE, 
X — AMPLITUDE, 

Y FREQ. 

65 

STATIC CHARACTERIS-
TICS, OUTPUT STAGE 

TUBE 

ELECTROMAGNETIC 
UNIT IMPEDANCE/ 
RESISTANCE CURVE 

69 

HYSTERESIS CURVE, 
DIRECT METHOD. 

VERT B. 
HORIZ H 

71 

MAGNETIC COmPARI. 
SON TEST. UNEQUAL 

ALLOYS 

66 

DYNAMIC CHARACTER-
ISTICS, OUTPUT STAGE 

TUBE 

MULTIPLE DIAGRAM 
OF Eplp CHARACTER-

ISTICS 

70 

MAGNET lc COMPARI-
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SPECIMENS 

MAGNETIC COMPARI-
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Insulation Resistance 
01n insulation resistance test. is a measure of the resistance in 

ohms of the insulating material surrounding the conductor. Since 

all leakage paths to ground are in parallel, insulation resistance 

will tend to be lower with increased length of the conductor, and 

higher with shorter lengths. It varies with temperature, humidity 

and dirt, and therefore is an indicator of moisture, deterioration 

and neglect. Changes in these local conditions will change the 

test results from one time to the next. 

The trend of insulation resistance values is usually more 

important than an exact value at a given time. The question is 

whether the insulation is holding its own or is falling off. Experi-

ence gained from a series of tests, together with some knowledge 

of the t ype of insulation and conditions under which the conductor 

is operating, are of more value than any rules for insulation resist-

ance that have so far been devised. 

INSTRUMENTS TO USE 
Megol ters are required for obtaining direct measurements 

of the insulation resistance on distribution systems and insulated 

electrical apparatus. This type of instrument is available in 

several ranges of generated voltage, and with various features of 

construction and application, as a combined hand d-c generator 

and ohmmeter reading directly in ohms and millions of ohms 

(megohms). The most popular device is rated at 500 or 1000 

volts, and reads up to 100 or 1000 or 2000 megohms. These 

instruments are simple to use and are as easy to read as a volt-
meter. 

When abnormally low readings are found, steps should be taken 

at once to locate the weak spot, section or condition. This is most 

easily done by testing from distribution points or panelboards. 

If the entire length of a wire or cable is O.K., it follows that each 
section is all right. 

Conductor failures can 
be avoided by checking 
insulation resistance 
values periodically with 
a portable megohm-

meter 

Insulation resistance values are checked to avoid sudden feeder 

breakdowns because of unknown insulation deterioration or 

injury. Conductors may have become subjected to excessive 

moisture or heat, to acids or fumes, severe abrasion or other 

injuries. Only regular tests will reveal these hidden weak spots 

in the network of conductors. 

For old insulation a resistance value of 1,000 ohms-per-volt-

rating of the conductor insulation is considered to be the mini-

mum, while some authorities advise a minimum value of 1,000,000 

ohms (1 megohm). For old 600-volt insulation a value of from 

600,000 ohms to I megohm is thus considered the lowest safe 

%elite. For new installations, these values should be proportion-

ately higher. 

INSULATION TEST 

In cane a "Nlegger- is not available, insulation resistance mea.ure-

mente may be easily made using 500-volt direct-current circuit and 
a 500-volt direct-current voltmeter. The method of measurement 
is to first read the voltage of the line; then to connect the resistance 
to be measured in series with the voltmeter and take a second 
reading. 

500 to 600 Volt 0-C Citruit 

This switcn closed for reading line voltage 

lo resistance to be measured 

CONNECTIONS FOR MEASURING INSULATION RESISTANCE 

The measured resistance is then calculated by using the following 
formula: 

r(V-v) 
  in which 
v(1.000,000) 

✓ voltage on the line. 

• voltage reading with insulation in series with voltmeter. 

✓ resistance of voltmeters in ohms. (generally marked on label 
inside the instrument cover.) 

R resistance of insulation in megohms (1 million ohms.) 

The method of connecting the apparatus is shown in the diagram. 

If a grounded circuit is used in making this measurement. care 
must be taken to connect the grounded side of the line to the frame 
of the machine to be measured, and the voltmeter between the 
windings and the other side of the circuit. 

Voltmeters having a resistance of one megohm are now made for 
this purpose so that, if one of these instruments is used, the calcula-
tion is somewhat simplified since r I the formula becomes 

V 

A safe general rule is that insulation resistance should be ap-
proximately I megohm for each 1000 volts of operating voltage 
with a minimum of t megohm. 

No new machine should have an insulation resistance of less than 
megohm. 
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INSULATION TESTS 
HOE A.C.LINE 
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CONNECT TO NAME PLATE 
OR SHAFT 

500 E D. C. 

1 UNIVERSAL TEST METER 

-4—I 
o 
00 

Since the quality of the insulating materials used on any electrical machine de-
teriorates with age, due to the action of moisture, dirt, oil, acids, etc., it 
is necessary to periodically test the electrical resistance of the insulation so 
that weaknesses may be detected and corrected before they result in conplete 

failure. 

Insulation resistance tests are usually made up applying 500 volts D.C. between 
the winding of the machine and the frame; the current which this pressure forces 
through or over the insulation to the frame is measured by a sensitive instru-
ment, the scale of which is usally calibrated to read in megohms. The 500 volts 
D.C. may be developed by a hand-operated generator as in the megger, or it may 
be supplied from an A.C. source by a rectifier-filter combination as shown above. 

The readings obtained on any given machine will vary greatly With the -,emperature 
of the insulation, a 10 degree Centigrade rise in temperature reducing the in-
sulation resistance as much as 50%. The dampness of the location, and the amount 
of oil, dust, or dirt on the winding, will also materially affect the readings. 
Wherever possible, the test should be made when the insulation is at the maximum 
operating temperature, 167 degrees F., (75 degrees C.) The minimum safe in-
sulation resistance at maximum operating temperature should not be lower than 
one megohm for equipment having a voltage rating below 1000 volts. 

To mike the test, connect the rectifier unit to 110 volts A.C., set the control 
switch on the meter to the one mil position, set switch in D.C. position, make 
the connections shown above, and read the insulation resistance on the top scale 
of the dial. Usually a general test is made between one lead of the machine and 
the frame, and if this proves to be too low, the windings are tested individu-
ally. So after the general test, test the armature, shunt field, series field, 

and brush holders separately. To do this, take the brushes from the holders , 

disconnect the windings from each other, and test the insulation resistance of 
each. In this manner, the faulty element can quickly be found. This same pro-
cedure is used on A.C. equipment also. If such readings are taken at regular 
intervals and the values recorded, a close check may be kept on the condition of 
the insulation resistance of all electrical equipment, and apparatus may be re-
moved from service and reconditioned before breakdown occurs. 
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POWER PACK FOR INSULATION RESISTANCE TESTER 
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The connecting scheme employed on unit designed to convert 110 volt, 60 cycle 
A.C. to 500 volt D.C. for insulation resistance testing is shown above. Many of the 
parts required for this rectifying and filtering device may be obtained from old 
radio equipment; the rewainder may be purchased from any radio supply store. The 
material needed is listed below. 

One power transformer with windings to produce voltages shown. 
Three 600 volt, 2 microfarad, paper condensers 
Two 30 henry chokes. 50 milliampere rating. 
One 82 tube and socket for same. 
One wooden case approximately 5x5x8. 
One bakelite cover for wooden case. 
One 500,0Ju ohm 1 watt fixed resistor. 
One 400,000 ohm 1 watt fixed resistor. 
One 250,000 ohm 1 watt variable resistor. 
One control knob for variable resistor. 
One instrument fuse base and clips. 
One instrument fuse, 2 amperes. 
Two tip plugs for leads (one red, one black) 
Two pin jacks (one red, one black) 

First experiment with parts to find the most suitable arrangement of the 
different items in the case. Small sketch shows one metnod that has proved satis-
factory. Tube base must be so placed as to permit replacement of defective tube 
without the removing other parts. All connections must be soldered. 

After the unit has been constructed, test the D.C. voltage output with a 
0-1 mil voltmeter. If the voltage is too high, use a lower resistance at X. 
A little experiment and adjustment will probably be necessary before the correct 
output voltage is obtained. The meter to be used in conjunction with this supply 
device must not require more than one milliampere to produce full scale deflec-
tion. Higher current drain will result in lowering the output voltage of the 

power supply; this will introduce errors in the readings taken when the unit is 
being used for insulation resistance tests. 
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MEASUREMENT OF THREE PHASE POWER 
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Measurement of power in the 3-phase, 3-wire circuit usually demands the use of at least two single-phase wattmeters, and these 
meters must be correctly connected to the circuit if accurate indications are to be obtained. 'Inasmuch as a 3-phase wattmeter is 
nothing more than two individual single-phase wattmeters in the same case, the same connection scheme will apply. 

To correctly connect two single-phase wattmeters to a 3-phase, 3-wire circuit, proceed as follows: (1) Arrange meters as shown 
in sketch "A" with the individual current coils in series in the mame lines. (2) Now check the meters and see if they both read 
alike; if they do not, one or both of the meters are inaccurate, since they are both measuring the same load. If one meter reads 
backward, reverse the voltage coil leads. (3) Disconnect wattmeters 512 at -X and, without disturbing the voltage coiL connections, 
insert the current.coil in line 3, taking care not to change the position of the terminals "S" and "L" with respect to the circuit. 
The "S" terminal should still be attached to the source and the "L" terminal to the load end of the line. 

The meters are now correctly connected in the circuit, and the total power taken by the load is equal to the sum of the watt-
meter reading. In this regard, it should be observed that the meters will not read alike even upon a perfectly balanced load unless 

the power factor of the circuit is exactly 100%. As the power factor falls below this value, one meter will indicate a smaller and 
the other a larger percentage of the total load. At 50% P.P., one meter will indicate the total load and the other wiil read zero, 
and as the P.F. falls below this .mark, the low meter will start to read backwards. As this reading indicates negative power, it 
must be subtracted from the reading of the other meter if the true power is to be obtained. Since the backward reading is unintel-
ligible, reverse the voltage coil on the backward reading meter to obtain a forward reading, and then subtract this from the in-

dication on the other unit. 
When a 3-phase, 4-wire circuit is to be metered, three wattmeters, connected as shown at "B", are most frequently used. A 

current coil of each instrument is inserted in series with one line wire and the voltage coils are connected from the separate line 
wires to neutral as shown. The total power is the sum of the wattmeter readings. A change in power factor will not effect the 
relative values here as it does in the two-meter arrangement, the meters always reading forward regardless of the power factor value. 

The wattmeters show, of course, the true power in watts absorbed by the circuit and, due to the fact the current required to 
carry a given wattage may be relatively high when the power factor of the circuit is low, there is danger of burning out the current 
coil of the wattmeter on low power factor loads. To prevent this, it is usual to connect an ammeter in series with the current coil 

of the meter to wake sure that its rating is not exceeded. 
If an ammeter and voltmeter are used in conjunction with the wattmeter, the total volUmnperes and total watts may be measured, 

and from these the total power factor of the circuit may be computed by the formula snown. This is true for any circuit, a volt-
meter, ammeter, and wattmeter being sufficient to determine the P.F. of any à.C. circuit. 

On circuits of high voltage or great power, current and voltage transformers are used to (1) step down the quantities to be 
measured and (2) isolate the meters from the line. See Fig. D. Such transformers allow the use of smaller and cheaper instruments 
and at the same time eliminate the hazard associated with the reading and possible handling of meters attached to high voltage 
circuits. As snunts cannot be used with A.C. ammeters, extension of the meter range is accomplished by a current transformer which 

sends a small fraction of the line cu -rent through the meter. The actual current flowing through such meters never exceeds 5 am-
peres; however, the meter is calibrated to indicate the actual line current. Due to the peculiar action of the current transformer, 
its secondary circuit may never be opened while the unit is energized, as voltages of a dangerously high value appear across the 
secondary when this circuit is broken. The special short-circuiting switch is provided on these units to make possible the inser-
tion and removal of meters without disconnecting the secondary circuit. Note that the cases of all meters are grounded. 
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IDENTIFYING SWITCH TERMINALS 

BEFORE WIRING ANY CIRCUIT that involves the use of bil= MOVING CONTACI 
switches, it is first of all necessary to test the CuLNORMALLY CLOSED CONTACT. 
switches themselves to make sure that they are the Ogs OPEN 
type required  and that they are  operating properly. 

The test circuit consists of a source of power, a test 
lamp, and a couple of leads. When the test leads are 
touched together, the lamp should light. If the lamp 
does not light, there is something the matter with the 
test circuit. 

Diagram A shows how to test a switch. Note that the 
leads from the test circuit are placed on the switch 
terminals. As this switch is normally open  the light 
will not light until the switch button  is pressed. 
If the switch lights the lamp when the button is 
pressed, two things are shown: 

1. The switch is in operating condition 
2. The switch is an  open circuit  type 

Diagram B shows the test result on a switch that is 
normally closed. If the test lamp lights when the 
loads are placed on the switch terminals but goos out 
when the button is pressed, two things are shown: 

1. The switch is in operating condition 
2. The switch is a closed circuit type 

Diagram C shows a double circuit switch. This is 
really two switches in one, for it is a combination of 
an  open circuit switch and a closed circuit switch. 
To test this switch and find which terminals connect 
to the various parts, first find the two terminals 
that will give a light without pressing the switch. 
These two terminals must connect to the  moving  contact 
of the switch and the closed contact of the switch. 
The remaining contact must be the  open  contact. Mark 
0 alongside this terminal. 

Next find the pair of contacts that produce a light 
only when the switch is pressed; these will be the 
moving and open contact. As the open contact has al-
ready been found, the other contact must be the moving  
contact. Mark this terminal M. The third must be the 
closed  contact. Mark it C. In this way, all of the 
switch terminals may be identified. 

If the above indications cannot be obtained, the 
switch must be defective. Try another one. Always 
test  switches before wiring them up in a circuit. In 
this way much time will be saved and, when the connec-
tion is properly completed, the circuit will operate.  

SWITCH. LAMP. 

io BATTERY. 

A 

0 0 0 

0 0 0 
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CONSTRUCTION DETAILS FOR SIMPLE GROWLER 
A 

• 
D 

4 I 
SMELL TYPE CORE 

V1110"' 

To make the above growler, secure the core of a burned-out, 100 watt radio-power 
transformer or bell transformer and remove the old winding, preserving the core in-
sulation if possible. Next, trim the laminations along the dotted lines so that, 
when reassembled, they will have the form shown in "B", and approximate the dimen-
sions given in "A". With some cores, it will be necessary to snip a section from 
the middle leg of the transformer in order to obtain the proper distance (D) be-
tween the sides. After the laminations have been cut, the core is restacked and 
clamped with the same bolts and brackets that were used in the original assembly; 
then the cut edges of the laminations are ground or filed to the desired smooth-
ness. The core is then insulated with suitable material (filler board, fiber, fish 
paper, etc.,) and the winding installed. 

The winding used will depend upon the voltage and frequency employed. Assuming a 
60 cycle frequency, the number of turns for the different voltages are as follows: 
For 32E, 170 turns of #I8 SCE; 110E, 500 turns of #22 SCE; 220E, 1000 turns #25 
SCE. 

Construction details for an inside growler, suitable for fractional h.p. motors, 
is given below. 

DETAILS FOR SMALL INSIDE GROWLER 
TOP VI EVV 

‘ 
( HARD FIBER .51 

FOR USE ON 
110 E A G. 60 ••••• 

wows) vers tioo TURNS 
*30 6.0 E. WIRE. 

).1 ---- 12 Ft 4.16 FIXTURE mom 

CONE 
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ARMATURE GROWLER TESTS 
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CALF, L SMDCI MAY HE FELT WHEN TOLCHIM 111E FRAME. TWO 
GROUNDS ON THE Mike-IRE PRODUCE A SR:MIT-CIRCUIT. ON THE 
GROWLER, A ILETER HEALING IS ?ALEN bETM,IN THE COMMUIATOR 
BARS MID THE SHOT. THE REALM BFGONFS LII.S AS THE . HUNTED 

BAR IS APPRO*CIED AMI) IS IONIA/UM WHEN CONTACTES. 

?Reline AEVIKU c011 Lutr 
IN OPERATION, THIS DEEr.CT 8001.1 CREATE UNBALANCE IN THE ARM-

ATURE CIRCUIT WITH THE RILUIT THAT CTRCULATING CURRENTS 
WOULD FLOW an TEND TO CAUSE OVERHEATING. ON THE GROWLER, 
MAKEA1 TO 5 BAR TEST. WHEN TE,..11FIG BETWEEN BAPS 7 MED 9, 

THF REALM kouu BE ‘FX) ARE THE SAME READ/NL WOULL BE OB-
TAI/OD BET. LEN BARS 8 ANT 12. THIS POOLE /ND/CATE THAT THE 
LEADS OF THE COIL ATTACHED TO BARS 8 AND 9 ARO REVERSED. 

1/1212M.L. Jun's= COIL IDeed 
'THIS FAULT, WIC/CH USUALLY occuBz IN • REWOUND MACHINE, RAT 
PRODICE SPARKINC AT THF. MOSHE': DEEM OPERATION. ray 
TESTED ON THE GROWLER, THE METER WILL SIDS A DOUBLE READING 
Bw7TSEEN BARS 10 AND 11, à NORMAL READING ON Li An 12, AND 
A DOUBLE RULING ON 12 MC 18. ID REMEDY, UleOLDER LOOPS 
ON 11 AND 12 1XL REVERSE THEM. HACKSAW WILL GIVE ND INDI-
CATION OF THIS FAULT. 

.1312IN-e ›NURTEE, BANS 
IIKLICAT/CNINTRIIC (W1111.1101 IS OVIRFLEATING ON COIL ATTACHES 

TI) HARO 14 An 15 ANIS MOSLIBLE PARKING AT THE BRUSREL. OM 
GROWLER RACI:-.01 WADE WILL V/ERATE OVER SLOTS CONIAINIM 
COIL CONNECTED TO SHORTED HARO, ARE METER READING BiThEEN 
14 An 15 A/LL BE 2880. REMIMI: REMOVE SHORT IRON BARS OR 

DISCONNECT COIL AND INGTALL A .111LPFR FROM 14 TO 15. 

Sinag..gLIEJM 
IF THERE ARE IC OTHER chorine, ON THE MACHINE, THE FAULT 
WILL Pr AFFECT THE OPERATION Oi THE ii,,ciairt AT ALL. IF 
OTHER GROUNDs ARE PRLhENT, SEVERE rubrae AT THE BREM,HES 
WILL USUALLT OCCUR. THE TE,T PROCEDURE 15 THE LAME AS EM-

PLOYED IN DIAGRAM .C". TO LETFANIFO /F caoort IS COIL OR 
MAR, DISCONNECT FURLS FICIN hAR 15 ART THEN TEST BAR FOR 
GROUND. REMY' REINSULATE !AAR. 

THIS smETcH 51045 HOE. THE DIFFERENT FAULTS ABOVE Lams, ARE 

BrEEDI)D. THE LETTERS ON THE SKETCH REFrR TO DIARAMS  

AdOVE IN WHICH THE FAULT IS GIVEN DETAILED TREATMENT. 'A' 
SHOWS REMEDY FOR OPEN' COIL, .B. FOR jHORT.D COIL, 'C Flat 

GROUNDEM COIL. D0711.1) LINES BETAŒN BARS RIeBle.ENT JUMPERS. 
MOTE THAI WITH A SHORTED MIL IT IS ESSENTIAL THAT THE COIL 

ITSELF HE CUT AS SEDAN IN '0' TO REMOVE THE SHORT CIRCUIT. 

THE PUB.POSE OF I GROWLER IS TO PRODUCE AN ALTERNATING MAGNE-

 TIC MID WHICH, CUTTING BACK AND FORTH THROUGH  TIE *ARA-
D.% con.), [mutt:, Ix T.1111 A LOU VOLTA.E. RIALMNABLE AT THE 

COMMUTATOR BARS WITH AY A.C. MILLIVOLTMETEll, THE REOIS-

TAME "R" IS IUD TO ADJUST THE READING RI APPROX/MATELY 1 IMDCALE. WHEN I SA:Hera COIL IS )'LACES BET,TAN TAY GROW 
LER JAWS, THE BEAU! CURRENT .ET UP IR THE COIL CAUSES PER/0-
D/C MAGNETUATIM OF TILL .SLOT IN WhIGn THE COIL LIES, RESUL-
TIEL IN THE HACISAW MADE NELL RUH THE SLOT BEING ALTERNA-
TELY ATTRACTED AND RE, EASED. 
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ARMATURE TESTS USING M 

IFAJUALE  - UPAN CUIi 
TU PISSENT INURED./ TO THE HEIDE, THIS TEST MUST PRIDE* 
ALL OTH/J12, AKIN THE MILLIVOLT METHOD OF TESTING IS USED. 
SET NETER OM THE 15 VOLT RANGE AND, RITA CURREN FUMING 
INROUGH THE ARADTURE, TALE RD-ADP/GS BEIREEI BARS 1-2, 
-e, 3-4, ETC., UNTIL ALL PAINS OF SEQUENT, HARE ALEN 

COVETED . A HIGH READING DET•EEN ANT PAIR OF RAILS INDI-
CATES AN OPEN COIL. NUID. THAT IN DEIS RAT -NID OF TESTDE 
TN! NIT Lit IS USED TO NEASURE THE VOLTAOL DROP IN EACH 
ARMATURE COIL, AND THAT TAO.. IS DONE BE TAKING READINGS 
DET-EER CREDUTATSR UEGIIENTS. 

TROUBLZ - SDNITTED COIL 
FOR Tn. TEST -ET VITO ON DE 14.0. RANGE THAT GEES THE 
REST IEFLECTION, STE/TIRO AITH THE 500 SETTING AND MORE 
DOLT TO THE 5/.. N.H. FLANGE IF NOEL, ART. ADJUST CURRENT 
TnROUGH lERMATITRE UNTIL APPROXIMATELY MIDSCALE DEFLECTION 
IS OBTAINED ON A DENIAL COIL AND ILSE A BAR-TO-BAR TEST 
ON ALE. SEG./ERTL. THE DEFECTIVE COIL AILL GIVE à LOA OR 
sERO READING DEPENDING UPON eh ILEN1 DIRKS ARE SHORTED. 
IT SHOULD HERE BE LTIOJEKSTOOD THAT THIS ILET4OD OF TESTING 
IS MERELY A COMPARATEVE UNE, FOR IT IS DIDED THE READINGS 
COUPURE THAT IS IMPORTANT. 

LIER 

TFEOUBLZ - GROUNDED C/D„LL 
TO BARS THIS TOT, SEED à CURRENT OF SUITARLE VALUE TIRER 
THE ARWATURL AND MEASURE THE VOLTAGE DIFFEEENCE BETAEEN 
EACH SONDE AND THE AINATBRE slum IF THE 'FINDING IS 
Gmocrea, A RE/DEN WILL BE OBTAINED THAT BECOMES SRADO-
ALLY LESS AS THE BARS TO WHICH THE UROUNIED COIL IS CON-
NOTE) ARE APPROACHED. THE READING AIM BE LOOEST ON 
THE /EARS TO WHICH THE GROUNDED COIL IS CONNOTED. IT 
SINULS ALSO BE tink.D THAT AS THE GROUTIDID COIL IS PISSED 
TIER METER READING MILL REVERSE. TO DETERMINE /F THE BAR 
IS GROUNDED, orsoseanT THE COL, LEADS IND REPEAT. 

IMBILE - ROOLIESED COIL ,DS 
USUALLY .101DINTENED ON AVINSIUEo. Tbs.T HAVE JUST VAIN RE-
MOUNL, EDIT VAULT RE,UIREs A ID DEALe. TEsTING 
SET Hi TEN ON S- N.V. RANGE, SALLEE THE FELT CO/L TO RE 
TEST'S, AND FIND THE SEGMNITS TO AKICH THE ENDS OF THIS 
COIL ARE CONNECTED. RIT), THE Rea LEN115 ON TRIAL EARS 
FS.» MAGNET IDAIETLY ACRUAS THE SLOT IN 'REICH OR,. SIDE 
SF INC COIL LIES AND ROTE DEFLECTION ON THE BETER. RE-
PEAT EATS 1E51 ON ALL. ODLE/ COILS, ..LbAYS hone THE 
RACIST IN IRE SAIL DIRECTION. ANEN DitAAN wCREKS A RJ,-
v“-c.a, COIL, Ti)! NEER "ILL. REAL bACENARDS. 

- RETESISED COIL INEPT 
MARLS! FOUND ONLY IN RANGING 'LECHERS, THIS MILT IS 
CIRCLED 131 THE AI.GULAR HAN-TO-OAR TEST. PROCEED IN El-
ACTLI TN, SAME. MAMA A, USED FOR LOCATING SNORTED COILS 
SINGE THE CURRENT IN PA-,SING NEW SEMEENT 10 TO SWAM' 
11 RUST FLO« THINDUuDI T/DO COILS, IT MESAS THAT EN VOLT-
AGE DROP BETAEEN RAM Is AND LT FELL HE DOUBLE THE VAINE 

OBTAINED 011 • erain COIL, THE SANE IS TRUE FOR BARS 12 
AND 15. BARS 11 ITN 12 'ILL GIVE A NORALAL INDICATIDN, 
THUS REVINSSE COIL OOPS ARE INDICATED DX à LOME READ-
ING, A MDDWAL READING, ADS à COUPLE enie. 

182.ML: IUMEZELP.AM 
EASE SAME TEST Al ION SHEETED COIL. NIT/ CURRENT EOS-
INS THROUGH THE AREATURE, MEASURE THE VO,TAGE DROP M-
I-6,EN SEGKEDITS. MN THE SHORTED BARS ATE ENDRIIITÉRE), 
TEE METER RILL READ mho. ELLAUCH AS TEE SANE INDICA-
TION WOULD BE OBTAINED IF THE COIL LEADS WEDLE SHORTED, 
IT KILL BE NECESSARY TO esconeT TOE LEEDS RCN THE 
CONNUTATOR SEGAIDETS BEFORE IT CAN BE SEE REINED IFILLTIOCR 
THE WM REEDING RE, CAUSED BS SEERTED BARS OR Sena 
COIL LEADS. IF AFTER THE COIL IS DISCOMRDTED à LERO 
&EOM IS OBTAINED, THE BUS ARE SkERTEE. 

- GROUICED PASS 
TOT FOR THIS DEJOS I. In SARL AS ROB à GROUNAD COIL. 
METER REEDING M011 ANO TO 511.AFT PILL BE LEN WHEN THE 
GIN/UNDID RAIE IS CONTACTO. DEICED/1 AHETNED THE BAR 
OR THE COIL IS GROUNDED, DISCONNECT THE COIL P1451 THE 
RAN AND TEST AGA/11; IF BAR NON TESTS CLEAR, COIL IS 
eeuna. «KEN EALING THIS EST, TEE IODLE READINGS NAT 
CHANGE SO RAPIDL1 AS THE GROUND IS APPROACHED, THAT A 
SAT'S/ACC/S.R/ DEFLECTION CLIMIDT RE OBTAINED EITHNIT ThUR 
ONG TO A LEFERENT FLAIGE. THEREPORE, AS THE unle 

FALLS, THE Kea am! SMUG BE »DEED TO à 101011 RA/GE 

  - BAD COURECTIOHE 
TROUELÏ PNE.,UENTLY DEVELOP", IN ARPIATORIts AS THI. 
OP POOR ELECTRXCAL COIRRLDTIONS REDEEM THE COIL 
ANC THE COINIUTATOR SEGNIXTS DUI EITHER TO POOR SOLDIN-
IL TO OVIRREATIIIC OF THE AINEATORE NHILE IN SERVICE. 
HIGH RES/STLICE COMIRCT/OIN OP THIS TYPE ARE INDICATED 

ET NIGH READINGS ON TEL MILL/VOLUME. TO POSITIVICLY 
1.1)CATE 114CH BAR HAS TILE POOR CONNACTICKI, MALE TOE 
TEST INDICATED ABOVE. A POORLY sOLDIRED JOINT nu, 
PIADDLCE A READABLE DEFLECTION ON TEE PIET611, RHIREAS 

"GOOD ¿VTR,' WILL. GIVE RD NEEDING. 

vAREAT,PC 
RINSIRNR.E 

IYMIS.21%1MIL 
CONNECT THE ARMATURE 10 A N VOLT, 110 MU, OR OTHER D.0 
SOPPLI WITH à CONTROLLING RISISTAIICE IN ERIES. THIS Ri 
SISTINCE JUT CONSIST OP A TIONSIDR OF FALLELSEL-CONNIETO 
LEAPS  ARRANGED TO HZ BETTCHED IN OR OUT /IF TICE CIRCUIT 
AT NIEL. MD GRIMM INTO AMA CORE 1101Gr/GH .•ABS ELECT-
L! ONE POLE ?TICE APART, AND ADJUST CURDL7T Ennui THE 
IA I LLI VOLTNETER GIVES à NUDSCALZ READING NI A NEURAL COIL, 
THE ANOINT OF D.C. CDRIL1117 REQUIRED WILL VARO PITH THE 
SILO OF Ili /MATURE, FRACTIONAL H. P OR:TS Re/TIRING 
ABOUT 2-4 EXPO, SEMMES UP TO 20 H.P. acer 10 YIPS, 
An THE LARGEST ANIDATTIRES CURRENTS AS KNIT AS 20 ARDS. 
AITER THE GURHEIT RAS HEIN ADJUSTED TO A SLTITa LE VALUE, 
TUX IIIILLIVOLT HEADINGS BETKEDI BARS 1-2 2-3, 5-E, ETC. 
IP IN FAULTS ARE PRESENT, TICE READINGS WILL BE APPIOII-
ILATELI DOTAL. KEN READINGS INDICATE UsE RESISTANCE 
CONNECTIONS, TRUALLI CLOSED BT POOR SOLDIREIG, WHILE UNI 
READINGS SKIM SSA= COILS OR COMMITTATOL SEGYEITS.CoyNt 
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ARMATURE AND FIELD TESTS 
OPEN ARMATURE COIL TEST 

Connect armature across line with current-limiting lamps 
in series. Place meter selector switch in the 50 volt or 
the 10 volt position and measure voltage across armature. 
Next make a bar-to-bar test; meter will read zero until 
open coil is bridged when total armature voltage will be 
registered. Example: 8E across armature; bars 11, 12 
read zero; bars 1, 2 read 8E. To protect the meter, the 
test for spans should always be made before any other 
check involving ber-to-bar readings. 

SHORTED ARMATURE COIL TEST 
Connect armature to circuit, as directed above. Set meter 
selector switch to 250 M.A. and make a bar-to-bar test. 
If necessary, change selector switch to obtain about half-
scale reading on a normal coil. A low or zero reading 
will then indicate a shorted coil; a high reading a poor 
connection - usually at the commutator riser. Example: 
Meter reads half scale on bars 11-12, 12-1, 1-2; gives low 
reading on 2-3, thereby indicating a shorted coil. 

GROUNDED ARMATURE COIL TEST 
With the test connection remaining the same as before, a 
meter reading between the commutator segments and the 
shaft indicates a grounded coil. As the segment to which 
the grounded coil is connected is approached, the reading 
will become less and will be minimum when the test prod is 
in contact with the segments connected to the grounded 
coil. Example: With meter selector switch set on 50 M.A., 
a reading from bar 10 to shaft is full-scale and this 
value is gradually reduced to a minimum on bars 1 and 2. 
Beyond this point, the reading reverses and starts to in-
crease again. 

SHORTED FIELD COIL TEST 
Connect shunt field to line as shown in sketch and take 
the voltage drop across each field coil with a D.C. volt-
meter. If the voltage across all coils is the same, the 
field is O.K. A reading below normal indicates a shorted 
or partially shorted coil. The normal voltage across any 
field coil is equal to the line voltage divided by the 
number of poles. Example: Coil 1, 31Ed; coil 2, 17E; 
coil 3, 31Ed; coil 4, 31Ed; coil 2 is shorted. 

OPEN FIELD COIL TEST 
Connect field as indicated in sketch and place voltmeter 
or test lamp across each field coil. If the field is 
open, no reading will be obtained until the open in the 
circuit is bridged. Then the open may be found by testing 
each coil individually, or by connecting one test lead to 
one of the circuit wires and moving the other lead around 
the field toward the other line until a light is obtained. 
The open will then be in between the point at which the 
light was obtained and the previous point tested. 

GROUND FIELD TEST 
Apply line voltage between the field leads and the frame 
with a suitable voltmeter or test lamp in series. If the 
meter indicates or the lamp lights, the field is grounded. 
To locate the ground, disconnect and test each coil sepa-
rately. 
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OPPOSITION. LOAD. 
(RESISTOR.) (OPPOSITION.) 

CONTROL. (AMMETER.) 
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STEP BY STEP METHOD OF ELECTRICAL AND RADIO 

TROUBLE SHOOTING 

Whether it is a door bell or a central power sta-
tion, every electrical system begins with plans and 
layouts, followed by installation of the equipment 
and making of connections that place the system in 
operation. If every part of the system were then 
to operate indefinitely without trouble there would 
be no further work for electrical men. But sooner 
or later something will go wrong, and then begins 
the job of trouble shooting. 
When electrical equipment fails to operate cor-

rectly, and you are called on to fix it, the people 
who call for help won't be able to tell you what 
really is wrong or exactly where the trouble lies. 
They will tell you simply that the motor won't 
start, that the lamp won't light, that the flat iron 
won't hear—and from there on it's up to you. 
Trouble shooting — determining the kind of 

trouble and its exact location—usually is considered 
to be the most difficult of all electrical work. It 
actually is difficult for most men because they go 
at the job in a hit or miss fashion, hoping that luck 
will be with them and that some fortunate twist 
of a screw or pull on a wire will start things going 
again. The fact that they do not thus really locate 
the trouble and its cause means that it will reappear 
in a short time, which won't help the reputation 
of the man who "fixed" it. 

Like all other problems, trouble shooting can be 
made much easier and the results more positive 
and lasting if you work according to definite plans. 
Working logically and systematically will quickly 
eliminate one possibility after another until the 
real fault is found. The first step in working out a 
trouble shooting system is to investiete electric 
circuits in general. 
We must understand electric circuits because 

nearly any kind of trouble allows either too much 
or too little current to flow in the circuit. Trouble 
shooting is the process of determining whether a 
circuit will carry too much or too little current, 
and of interpreting the results of systematic tests 
so that we may locate the kind of trouble and its 
position. 

THE PARTS OF A CIRCUIT 

Electric circuits of the kind we are interested in 
are paths composed wholly of conductors through 
which current may flow. At some point in the 
conductive path is a source of electromotive force 
or voltage. This force causes current to leave the 
source, pass through the entire path outside the 
source, and return to the source. In addition to the 
source of emf all practical circuits include some 
kind of load. A load is any equipment in which 
electric power does useful work. A load may be a 

motor which causes mechanical motion, it may be 
a lamp which produces light, it may be a heater 
which raises temperatures, or it may be any other 
of a long list of things which are electrically op-
erated. 
A circuit containing the fewest possible parts is 

shown at "A" in Fig. 1. The source of voltage and 
current is a battery, the load is a lamp, and between 
the source and load are wires. Current leaves one 
terminal of the source, flows to and through the 
lamp, then returns to the source. At "B" we have 
added a control, in the form of a switch that allows 
turning the lamp on and off. 
In case the voltage of the battery is so high as 

to force excessive current overload and possibly 
burn out the lamp we may add opposition to cur-
rent flow, the resistor of diagram "C" in Fig. 1. 
Suppose the lamp is where it cannot be seen when 
operating the switch, we may add a signal in some 
other part of the circuit, as at "D." Next, wishing 
to prevent overheating of devices in our circuit 
because of excessive current, we add protection iii 

the form of a fuse in diagram "E." Finally, in order 
to determine just how much current flows in the 
circuit, we provide measurement by means of the 
ammeter in diagram "F." 

All of the parts in ordinary direct-current cir-
cuits may be classified as one of the types that w, 
have used in Fig. 1. To the list we should add 
insulation, which prevents escape of current and 
voltage from the conductors, and which frequently 
acts at the same time as a means of support. 

Now let's examine the alternating-current circuit 
shown by Fig. 2, noting whether we find parts 
which perform in general the same functions per-
formed by parts in Fig. 1. 

First in the a-c circuit we have a source, which 
is the a-c generator.. We have a load which con-
sists of the motor. There are connecting wires and 
insulation. For control we have an automatic relay 
that closes the generator circuit only after the gen-
erator voltage reaches a value suitable for oper-
ating the load. To protect the relay winding 
against excessive current we have opposition in 
the form of a resistor. A lamp connected across the 
generator acts as a signal to show whether the 
generator is in operation. Protection against over-
heating of the motor due to overload is furnished 
by an automatic circuit breaker that opens after 
excessive current has continued for a predetermined 
time. Measurement of voltage in the motor circuit 
is provided with a voltmeter. 

In the alternating current circuit of Fig. 2 we 
have one kind of device not found in the direct-
current circuit of Fig. 1, we have a transformer 
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that changes the voltage from the generator into 
a voltage suitable for the motor. This we may 
classify as translation equipment. 
Now we may list as follows all the general classes 

of equipment found in electric circuits: 

I. Sources: Batteries, generators, power lines, 
thermocouples, etc. 

2. Loads: Motors, lamps, heaters and other 
power-consuming equipment. 

3. Conductors: Wires and other metallic and 
conductive parts for current. 

4. Insulation: Often in the form of supports as 
well as wire coverings. 

5. Controls: Switches, relays, starters, control-
lers and similar devices. 

6. Opposition to current flow. Resistors, coils, 
capacitors, etc. 

7. Signals: Lamps, bells, buzzers, annunciators, 
sounders, etc. 

8. Protective t.vices: Fuses, circuit breakers. 
Sometimes transtormers. 

9. Measuring devices: Meters of various types. 
10. Translation devices: Chiefly transformers and 

converters. 
The general types of parts just listed may be 

combined in countless ways to form electric cir-
cuits. We may have one or more than one of any 
of these parts in a circuit. The circuit of Fig. 2 
certainly looks entirely unlike those of Fig. 1, yet 
when we consider the parts according to their 
functions we have the same general kinds in both 
cases. 

KINDS OF TROUBLE 
Just as we classified switches, relays and starters 

under the one heading of controls, and just as we 
classified many other devices under some one gen-
eral heading, so we must classify electrical troubles 
themselves into groups if we are to develop a 
workab'e system of trouble shooting. 

Considering individual or particular electrical 
troubles we might have a burned out lamp, a 
burned out resistor, a blown fuse, a disconnected 
wire, a sticking contactor, or corroded relay con-
tacts. But in our method of locating faults all these 
would be classified as open circuits. They would be 
classified as open circuits because they prevent flow 
of current in the circuit—from the standpoint of 
current flow the circuit is open, and when a circuit 
is open at any point and for any reason no current 
can flow in any part of that circuit. 
We group all these troubles, and many others, 

together because it is relatively easy to determine 
when there is an open circuit and then to locate 
it as existing in some one section of the circuit. 
Knowing the general class of trouble present, and 
knowing its approximate position, we simply ex-
amine the parts to see which of them is out of 
order in the one particular manner. 

Fig. 3 illustrates an open circuit caused by a 
wire end disconnected from one side of the lamp-
socket or lampholder. Even with the switch closed 

no current can flow in any of the conductors of the 
circuit. 
Such things as dirty or corroded contacts and 

weak springs in automatic switches might not keep 
the circuit completely open but might introduce 
abnormally high resistance. The contacts might 
come together, but instead of making a full and 
clean connection they might make a connection 
through only a limited area, and through the dirt 
and corrosion instead of through clean metal sur-
faces. Abnormally high resistance, from any cause, 
is our second general classification of circuit 
troubles. 
An open circuit prevents flow of any current at 

all. High resistance allows only a relatively small 
current to flow. These two classes of trouble are 
somewhat similar in that both reduce the flow of 
current, and they are identified and located by the 
same general methods of testing. 

SHORT CIRCUITS AND GROUNDS 

In Fig. 4 the wire that became disconnected from 
the lamp socket terminal in Fig. 3 has made con-
tact on the other lamp socket terminal. Now cur-
rent from the battery flows, as shown by arrows, 
through the fuse, the accidental connection at the 
socket terminal, the switch, and back to the battery. 
The relatively high resistance of the lamp filament 
no longer is included in the current path, and the 
current will increase to a very high value. The 
excessive current will almost instantly blow the 
fuse. The blown fuse will protect the battery from 
excessive discharge, but the real trouble still re-
mains and if a new fuse is put in it will blow just 
like the first one. 

Fig. 4 illustrates a short circuit, which is a cir-
cuit in which current from the source may flow 
and return to the source without going through 
the load. This is our third general class of circuit 
troubles. A short circuit may result from any one 
of many particular faults. In our testing method we 
are able to determine that there is a short circuit, 
and are able to determine its approximate location 
in the circuit. After that it is just a case of examin-
ing parts at this location for such faults as allow 
conductors on opposite sides of the circuit to come 
together. 
At "A" in Fig. 5 we have a one-wire circuit or 

ground-return circuit. Instead of the entire circuit 
being completed through insulated wires a portion 
of it between the battery and lamp is completed 
through any metallic supports or framework that 
extend from near the battery to near the lamp. A 
connection to ground is indicated by a symbol con-
sisting of several horizontal lines. 

At "B" in Fig. 5 one of the wires has come off 
the lamp socket and the bare end of the wire has 
fallen against the metallic ground. Now current 
from the battery flows, as shown by the arrows, 
through the fuse and the metallic ground back to 
the battery—without going through the lamp. As 
y-ou will recognize, this accidental ground is simply 
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a variety of short circuit. An accidental ground 
permits current to leave the source and return 
to it without going through the load. This is our 
fourth general class of circuit troubles. 

1. Open circuits. No current in any part of the 
circuit. 

2. High resistances. Abnormally small current 
in the circuit. 

3. Short circuits. Abnormally large current until 
some protective device acts. 

4. Accidental grounds. A variety of short circuit 
occurring through ground. 

While our four classes of circuit troubles will 
cover nearly all faults that affect the flow of current 
in circuits, they will not cover all electrical troubles. 
For example, in the case of motor troubles we 
would not cover such faults as uneven air gaps, 
wrong brush positions, reversed phase connections. 
and many other faults. However, the great major-
ity of electrical troubles are circuit troubles, and 
the simpler the equipment or device the more likely 
it is that any existing fault is either an open circuit, 
a high resistance, a short circuit, or an accidental 
ground. 

CIRCUIT TESTERS 

For testing a circuit or part of a circuit that is 
suspected of being in trouble we require a source 
of voltage and current, also some means for indi-
cating the flow of current or the lack of it, or a 
means for showing the presence of a voltage or 
potential difference. 
The source of voltage or of voltage and current 

for testing may be the same source regularly used 
for the circuit being tested. That is, for a circuit 
normally operated from a power line or from the 
power and light wiring in a building we might use 
the same line for our testing source. For a circuit 
normally operated from a battery we might use the 
same battery. Of course, these sources can be used 
only if they themselves are not in trouble. 
Many kinds of electrical equipment which nor-

mally are operated from batteries, radio sets for 
example, are conveniently tested with voltage and 
current taken from a power line. Similarly any 
portable appliances which may be disconnected 
from the light and power circuits of the building 
then may be tested with voltage and current from 
the building line. 
A separate source of testing voltage and current, 

used only for testing, may be a battery. The bat-
tery may be connected to the tester only when 
there is trouble shooting to be done, or it may be 
mounted within the tester and be a self-contained 
part of the testing device. Still another source is 
a small hand-operated magneto, a small alternating-
current generator. Magnetos are commonly used in 
telephone work, also for tests on long lines or long 
circuits of any kind. 
When it comes to indicators for testing voltage 

and current we have a wide choice. We may use 
a bell, a buzzer, an incandescent lamp, a neon lamp, 

a voltmeter, a milliammeter, or a telephone receiver 
of the type we call a headphone. 
With the great variety of sources and indicators 

for voltage and current it is possible to make up a 
great many different kinds of test equipment. In a 
general way the methods of recognizing open cir-
cuits, high resistances, short circuits and grounds 
are the same regardless of the kind of testing equip-
ment used. Before discussing the particular advan-
tages and disadvantages of the several testers we 
shall talk about the methods of making systematic 
tests. 

LOCATING OPEN CIRCUITS 

To locate the position of an open circuit we may 
proceed as in Fig. 6, where the accidental open 
point is in the right-hand vertical wire. For a 
tester we use a voltmeter, and for a source of 
testing voltage we use the regular source which 
supplies the circuit in trouble. 

First, as in diagram "1," we disconnect a circuit 
wire from one side of the source, and to this side 
of the source connect one of the leads from our 
testing meter. Starting from the point at which the 
test meter has been connected to the source we 
now shall follow along the circuit, and every time 
we come to a terminal or other point at which the 
conductors are exposed we shall touch that point 
with the free lead of the testing meter. 

The first test point is the left-hand terminal of 
the lamp socket. With the tester connected to this 
point, as in diagram "1" of Fig. 6, the meter reads 
zero. The next test point as we follow along the 
circuit is the right-hand terminal of the lamp socket. 
Here also the test meter reads zero, as shown by 
diagram "2." 

Still following along the circuit we come next 
to the right-hand terminal of the switch. With the 
test lead connected here, as in diagram "3," the 
meter reads the full voltage of the source. Current 
to actuate the meter flows as shown by the broken-
line arrows. 

The open point in the circuit is somewhere be-
tween the last point at which the meter read zero 
and the first point at which we had a voltage read-
ing. Thus we determine in which section of the 
circuit there is an open. 
Note that had the circuit not been disconnected 

from one side of the source before commencing to 
make tests there would have been a complete con-
ductive path through the circuit wiring between 
the points at which the test leads are connected. 
In Fig. 6 no current would flow through this path, 
because of the open farther along the circuit, and 
the meter still would read zero in diagram "1" and 
"2" even had one end of the circuit not been dis-
connected from the source. But had the circuit been 
of some more complex type, rnd had it been pos-
sible for some current to flow in the sections 
bridged by the meter, then the meter would show 
some voltage drop and the indications might be 
misleading. 
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In Fig. 7 we have the same kind of a circuit and 
have the same open point as in Fig. 6, but instead 
of using the regular circuit source for our testing 
voltage we have a "self-contained" tester consisting 
of a dry cell attached to and connected in series 
with the testing meter. The connections and the 
meter indications are exactly the same as in Fig. 
6—the meter continues to read zero until we pass 
the open point, then gives a voltage reading. 

Fig. 8 shows what would happen if we failed to 
disconnect one end of the circuit when using a 
self-contained tester. With the test connections of 
diagram "1" the meter would indicate voltage, with 
current flowing as shown by broken-line arrows. 
With the test connections of diagram "2" the meter 
still would read voltage. Therefore, we would have 
no means of locating the position of the open point 
in the circuit—the meter would give the same in-
dications no matter where connected. 

If we fail to disconnect the circuit being tested, 
the test indications may or may not be reliable. If 
we disconnect one end of the circuit the indications. 
always are reliable. Therefore, the safe thing to do 
is always disconnect one end of the circuit if this 
is at all possible. 

Now let's see what will happen if we proceed to 
test around the circuit in a direction the opposite 
of that followed in Figs. 6 and 7. This might mean 
simply reversing the order of tests; commencing 
with the test connections of diagrams "3," then 
making the connections of diagrams "2," and end-
ing with those of diagram "1." With this order of 
testing the testing meter would indicate voltage 
with all connections before reaching the open point, 
and would read zero with all connections beyond 
the open. 

One order of tests would give indications just as 
reliable as those with the other order, but since the 
indications are reversed you would have to keep 
constantly in mind the order in which you are pro-
ceeding. The more things of this kind you have to 
remember the more difficult will be your work, so 
it is wise to adopt one order or the other and stick 
to it. Generally it is better, as shown in Figs. 6 
and 7, to disconnect one end of the circuit, connect 
one side of your tester at this end, then proceed 
from there around the circuit. Then remember that 
you get a reading after the open point has been 
passed. 

In Fig. 9 we have two opens in the same circuit. 
One of the open points is a blown fuse, the other is 
a break in the wire at the right-hand side of the 
circuit. The successive test connections and the 
indications are shown by the. test meter positions 
numbered from "1" to "5." With test "2" we have 
passed an open point in the circuit, yet still have a 
zero reading of the meter. The zero reading results 
from the second open point farther along in the 
circuit. Tests "3" and "4" likewise will give zero 
readings, but test "5" wil show voltage because we 
now have passed the last open point in the circuit. 

You might conclude that the only open point is 
the one disclosed by test "5." This would be the 
same kind of error made by men who just "hunt" 
for t:ouble without making systematic tests. The 
thing to do in every case is to repair whatever 
trout le you first locate, then repeat the tests right 
through from the beginning. In the present case 
the second series of tests would locate the blown 
fuse, because with the connections for test "2" you 
would have a voltage reading and would know that 
an open point existed between tests "1" and "2." 
Having replaced the fuse you then should start over 
again with the series of tests. Not until all the 
tests indicate no opens should you consider the job 
complete. This rule applies no matter what your 
method of testing and no matter what kind of equip-
men: you are using. 
The methods of testing so far discussed might be 

called progressive tests, in which we connect one 
side of the tester to a certain point and then progress 
from that point around the circuit. With a self-
contained circuit tester, having its own battery or 
other source of voltage and current, it is possible 
to test each part and section of a circuit individually. 

Individual tests for opens are shown by Fig. 10. 
The leads from the tester are bridged across one 
portion of the circuit after another until you have 
gone all the way around or have located and re-
paired a trouble that permits the circuit to act 
normally again. In each test the indicator will 
show voltage if the parts tested are not open, and 
will show no voltage if the parts are open. Current 
will flow and voltage will be indicated through any 
portion of the circuit that is complete. If the por-
tion tested is not complete, or is open, there can be 
no zurrent flow and no voltage will be indicated. 
No voltage will be indicated because every volt-
meter takes some flow of curent in order to move 
its pointer. 

In Fig. 10, tests number 1, 3, 5 and 7 check sec-
tions of the wiring, and would disclose an open in 
whichever section is bridged by the test leads. 
Test number 2 would show up a blown fuse, test 
number 4 a burned out lamp, and number 6 would 
show defective contact in the switch. When making 
individual tests the circuit being tested must be 
disconnected from the source, at least at one end. 
Otherwise, voltage from the source will reach the 
tester when an open point is bridged, and easily 
may ruin the testing equipment. 

A very long circuit, or one containing many de-
vices which might be open, may be checked in large 
sections as illustrated in Fig. 11. Here both ends of 
the circuit are disconnected from the source. One 
side of the circuit tester is connected to any point 
about midway of the circuit being checked. Then 
the other test lead is touched first to one of the dis-
connected circuit wires and then to the other of 
these wires. With a connection at "1" in Fig. 11 
we would check for opens in any part of the circuit 
from this point around to the right-hand terminal 
for one of the lamps in the upper line—the point 
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where the other side of the tester is attached. With 
the tester connection at "2" we would check for 
opens in the remainder of the circuit. 

If these preliminary tests should show that an 
open existed in the section first checked we might 
further sub-divide that section of the circuit by 
moving the test lead from between the two lamps 
to a point between the resistor and signal. Again 
checking at point "1" would show trouble between 
this point and the test connection between resistor 
and signal, while checking at "2" would show 
trouble existing between the original connection 
(between the lamps) and the new connection be-
tween resistor and signal. This general principle 
may be used to divide a circuit into any number of 
sections, a method which may save much time in 
comparison with either progressive tests all around 
the circuit or with individual tests. 

In all of the tests so far outlined the tester itself 
has ben shown as having a meter for its indicator. 
A lamp or any other of the indicating means pre-
viously mentioned might be used instead of the 
meter. The source of testing voltage and current 
might be any of those mentioned earlier. The prin-
ciples of the tests would not be altered by the kind 
of test equipment employed. 

Fig. 12 shows what probably is the simplest of all 
tests for open circuits. With this method the circuit 
being tested remains connected to the source. The 
tester consists of only an incandescent lamp having 
a voltage rating the same as the source voltage. 
For instance, in a 115-volt circuit we would use a 
115-volt test lamp. Leads from the test lamp are 
connected successively across parts of the circuit. 
When the test lamp bridges a section of circuit or 
some device that contains an open the lamp will 
light. Current from the source goes around the 
open point and through the lamp as shown in 
diagram "1" of Fig. 12. When the test lamp bridges 
a part of the circuit that is complete the current 
will flow through the relatively low resistance of 
the circuit conductors rather than through the much 
higher resistance of the test lamp, and the lamp will 
not light. 
There are two objections to this method of test-

ing. One objection is that the source must be in 
condition to deliver normal voltage and current, but 
the chief objection is that should the circuit contain 
more than one open point the test indicates nothing. 
The reason is shown by diagram "2" of Fig. 12. 
Here the test lamp is bridging an open point, but 
because of the second open in the circuit no current 
can flow and the lamp remains out, just as though 
there were no open point at all. This method of 
testing is frequently used for locating blown fuses 
and tripped circuit breakers. 

TESTS FOR HIGH RESISTANCE 

All tests for locating points of abnormally high 
resistance, but points which are not open com-
pletely open-circuited, are carried out just as are 
tests for open circuits. But, since we wish to note 
the reduced current brought about by the high re-

sistance, it is not enough to use an indicator that 
merely shows the presence or absence of current. 
Rather we need an indicator that shows the full 
current through the low resistance of a circuit in 
good condition, and which shows the greatly re-
duced current due to abnormally high resistance. 
A tester which is effective for checking high 

resistances consists of a small incandescent lamp 
and a battery that will light the lamp to normal 
brilliancy. When extra circuit resistance is in the 
tested circuit the lamp will become dim. An ohm-
meter which indicates circuit resistance directly in 
ohms is an excellent testing instrument for locating 
points in high resistance. Still another suitable ar-
rangement consists of a milliammeter, a battery, 
and a resistor which limits the current to the full 
range of the meter. High resistance in the circuit 
checked will reduce the current through the 
milliammeter. 
When using the method of Fig. 12, a point of 

fairly high resistance will cause the test lamp to 
light more dimly than usual when the lamp bridges 
such a point. This is because some current flows 
through the high resistance of the circuit and some 
flows through the high resistance of the lamp. Such 
a test for high resistance is not so reliable as those 
made with other types of indicators, it is too diffi-
cult to form judgments according to slight changes 
in lamp brilliancy. 

SHORT CIRCUITS 

Before commencing to talk about the methods 
used in locating short circuits and accidental 
grounds it will be advisable to examine a few gen-
eral principles applying to these clases of trouble. 
In diagram "1" of Fig. 13 we have a circuit contain-
ing three pieces of equipment marked A, B and C. 
These units are shown as consisting simply of 
resistances, but they might represent any kind of 
equipment since whatever uses electric power has 
more resistance than the line wires. It is the com-
bined resistance of units A, B and C that opposes 
flow of current from the source through the circuit, 
and that limits the current to a value that does not 
blow one or both of the fuses through which cur-
rent enters and leaves the circuit. 
Diagram "2" of Fig. 13 shows wires disconnected 

from two of the circuit units. Note that opening 
this circuit at any point will prevent flow of current 
from the source into and through the circuit. No 
current will flow in any part of a series circuit that 
is opened at any point. 

In diagram "3" of Fig. 13 we have represented 
by a broken line a short circuit that has occurred 
between one terminal of unit B and one terminal of 
Unit C. The resistance of unit B has been "shorted 
out," so current from the source goes through unit 
A, the short circuit, unit C, and back to the source. 
The lessened resistance in the circuit, due to B 
being shorted out, allows excessive current to flow. 
This excessive current blows one of the fuses. 
So long as the short circuit remains it will do no 

good to replace the blown fuse with a good one, for 
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the new fuse will be blown by excessive current 
allowed by the short circuit. Instead of replacing 
the fuse we connect a test lamp in the place of the 
fuse, as shown by diagram "4" of Fig. 13. This test 
lamp must be of a voltage rating the same as the 
supply voltage. 
Now current flows as shown by the small arrows 

in diagram "4," passing through the test lamp, 
unit A, the short circuit, unit C, and back to the 
source. The resistance of the lamp limits the cur-
rent that may flow. This reduced current is enough 
to light the lamp but is not enough to blow the 
remaining fuse. Now we are ready to proceed with 
our tests. 

LOCATING THE SHORT CIRCUIT 
The usual method of locating the position of a 

short circuit is illustrated by Fig. 14. With the test 
lamp connected in place of the blown fuse, or cons 
nected in any manner between the source and the 
circuit being tested, the lamp will light. Working 
away from the point at which the lamp is connected 
we open each accessible point in the circuit. So 
long as we have not passed the short circuit, each 
point opened or disconnected will cause the test 
lamp to go out, as indicated in diagram "1." As 
each point is disconnected the lamp is observed, if 
the lamp goes out the connection is replaced to close 
the circuit at that point and the following point is 
temporarily opened. 
As soon as we pass the short-circuited point, as 

in diagram "2" of Fig. 14, opening any following 
points in the circuit will leave the test lamp lighted. 
This is because current from the source continues 
to flow through the test lamp and through the short 
circuit. 
The short circuit exists between the last discon-

nected point at which the test lamp goes out and 
the fisrt disconnected point at which the lamp re-
mains lighted—this as we proceed along the circuit 
from the position where the test lamp is connected. 
A method of locating a short circuit by using a 

self-contained tester is illustrated in Fig. 15. A 
self-contained tester is any type that has its own 
source of voltage and current, together with the 
indicating means, in one unit. The circuit being 
tested must be disconnected from the source, but 
need be disconnected on only one side if it is incon-
venient to disconnect both sides. Then the tester 
leads are attached to the two ends of the circuit 
being ested. 
With the tester in place we commence discon-

necting any accesible points in the circuit, working 
around in either direction, or starting from either 
end of the circuit. Each time we open the circuit 
the tester will indicate zero current so long as the 
shorted point has not been passed. This is shown 
by diagram "1" of Fig. 15. As soon as the shorted 
point has been passed, opening the circuit at any 
following point will allow the tester to continue 
showing current. This is shown by diagram "2." 
The short circuit exists between the last discon-

nected point at which the tester reading drops to 

zero and the first disconnected point at which the 
tester continues to show current. Compare this rule 
with the one for checking with a test lamp (Fig. 
14). Except that in one case we have a test lamp 
and in the other have a self-contained tester, the 
rules and the indications are the same. 
As shown by Fig. 16, a self-contained tester may 

be connected into a circuit at any point around the 
circuit provided the circuit is first disconnected 
from the regular source and the source terminals of 
the circuit are connected together. Comparing Figs. 
15 and 16 will show that they amount to the same 
kind of connection for the tester, in both cases the 
circuit is complete all the way around, and is com-
pleted through the self-contained tester. 

LOCATING ACCIDENTAL GROUNDS 
An accidental ground is a type of short circuit in 

which the short part for current is between a con-
ductor which normally should be insulated and the 
ground metal which forms part of the circuit. Since 
a ground is merely one kind of short, the test for 
locating grounds are essentially the ame as those 
for locating shorts. 

Fig. 14 shows the use of a test lamp for locating 
shorts in an insulated return circuit. Fig. 17 shows 
the same method of test applied to a ground re-
turn circuit. Fig. 15 shows a self-contained tester 
used for locating short circuits. Fig. 18 shows the 
same tester used for locating an accidental ground 
in a ground return circuit. It is apparent that the 
testers will give the same indications for accidental 
grounds as they give for shorts between normally 
insulated conductors. The section of the circuit 
that is completed through ground or through metal-
lic frameworks is the equivalent of a length of wire 
conductor. 
The general type of ground return circuit shown 

in Figs. 17 and 18, also by Fig. 5, is the type com-
monly used for automobile wiring, some radio wir-
ing, for some instrument and meter wiring, and in 
any cases where the metallic ground takes the place 
of an insulated copper wire and makes it possible 
to use less of the insulated wire in completing the 
circuit. 

In the power and light circuits for buildings and 
distribution systems we have grounded conductors 
which are grounded for safety reasons, not for re-
ducing the amount of insulated wire required. In 
these grounded systems of wiring the metallic 
grounds carry no current except when faults de-
velop that allow contact of the ungrounded con-
ductors with those that are grounded or with the 
metallic grounds. 
The principle of grounding for safety reasons is 

illustrated by Fig. 19. Here we have a complete 
two-wire circuit from the source through to the 
lamp, which represents any load or loads on the 
circuit. One of the conductors, called the insulated 
conductor, contains the fuse or other protective de-
vice for the circuit, also any switches used for open-
ing the circuit. The other conductor is connected 
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to a ground, usually to the cold water piping in the 
building but sometimes to artificial grounds. The 
runs of wire in the building are protected by and 
supported by metallic conduit, boxes and fittings or 
by other types of metallic raceways. All of these 
metallic enclosures for the wiring, also the frames 
and supports of all stationary connected equipment 
and appliances are grounded through the equipment 
ground. Since the system ground and the equip-
ment ground connect to the same final ground that 
enters the surrounding earth, all of the metallic en-
closures and frameworks and all of the grounded 
conductors are connected together into one con-
ductive path. 

In wiring installations such as represented in Fig. 
19 it is apparent that even the insulated conductor 
is connected to ground through the lamp filament 
or through the resistance of any other loads. If we 
disconnect this wiring from the source, then test 
from ground to the various conductors we shall find 
that all of them are grounded. However, the in-
sulated conductors are grounded only through the 
relatively high resistance of the loads. An acci-
dental ground occurs when an exposed part of the 
insulated conductors comes in contact with either 
a grounded conductor or with the metallic en-
closures or frameworks. With such an accidental 
ground there is a path of low resistance from the 
insulated to the grounded sides. Excessive cur-
rent through this low-resistance path will blow a 
fuse or trip a circuit breaker. Note that what we 
have called an accidental ground between the in-
sulated and grounded conductors really is a short 
circuit between these two kinds of conductors. It 
acts like a ground because one of the conductors 
is grounded. 

TESTS IN BUILDING WIRING 

The first test for grounds or shorts in building 
wiring is shown by Fig. 20, with the test lamp or 
other indicator connected across the clips for the 
blown fuse or the opened circuit breaker. If there 
is a short between insulated and grounded con-
ductor, the short circuit, the grounded conductor, 
and back to the source. If there is an accidental 
ground, current from the source will flow through 
the test lamp, the insulated conductor, the acciden-
tal ground, the metallic raceway, the equipment 
ground, the system ground, and back to the source. 
Lighting of the test lamp will indicate that either a 
short or a ground exists, but will not tell which 
kind of trouble is present. 

With the test lamp still in the same place the 
next step is to open one or both of the ground 
connections as shown by Fig. 21. This may be 
done at the service equipment for the building. 
If the test lamp still lights, the trouble is a short 
circuit between wires, because current no longer 
can flow through the ground connections. If the 
test lamp now goes out there probably is an acci-
dental ground. 

To check for the presence of an accidental ground 
on the insulated conductors the test lamp now is 
connected in either of the ground leads, as shown 
by Fig. 22. After thus connecting the test lamp, 
the fuse is replaced or the circuit breaker closed. 
Replacing the fuse or closing the breaker before in-
serting the test lamp, with its high resistance, will 
simply blow the new fuse or re-open the breaker. 
If the test lamp now lights there certainly is an ac-
cidental ground. 
The three tests of Figs. 20 to 22 should be per-

formed in this numbered order. If the test of 
Fig. 20 shows the circuit to be clear there is no use 
in making the others. Even though the test of 
Fig. 21 shows a snort circuit, the test for ground 
in Fig. 22 still should be made, because there may 
be both kinds of trouble. 

The tests shown for building wiring may be made 
with a test lamp or other regular loads may be left 
in place. The test lamp takes so much current to 
light it that it will not light or will glow but dimly 
on any current that goes also through the regular 
loads, but will light brightly on current through a 
low-resistance short or ground. A bell or buzzer 
could be used provided the bell or buzzer were de-
signed for the supply voltage—but this seldom 
would be the. case. An ohmmeter should not be 
used because it will be subject to the supply line 
voltage. A voltmeter should not be used because 
it will indicate full voltage with the current that 
passes through the regular loads, such as lamps. 

LAMPS AS TEST INDICATORS 

Having examined many of the more common 
methods for locating circuit troubles we now are 
in a position to appreciate the advantages and dis-
advantages of some types of test indicators. First 
we shall consider incandescent lamps and neon 
lamps. 

When used with the regular source for testing 
voltage and current, an incandescent lamp should 
be a rated voltage as high as, or even higher than 
the supply voltage. The lamp should be of low 
candlepower or low wattage, bulbs of 6 to 25 watts 
being generally satisfactory. With small lamps the 
testing current is small and is unlikely to do any 
harm. The test lamp should be of the carbon fila-
type because such filaments withstand much more 
abuse that do tungsten fi:aments. The test lamp 
socket should be of the weatherproof type, with a 
molded composition body from which extend two 
wire leads. Metal brackets are likely to cause shorts 
and grounds through themselves, while porcelain 
sockets are easily broken. 

The simplest and least expensive self-contained 
tester is made with one or two dry cells and a small 
incandescent lamp as shown by Fig. 23. The lamp 
should be rated at 13/2 or 2 volts for a single dry 
cell and at 3 to 4 volts for two cells. Flash light 
bulbs may be used, but 3-4 volt automobile tail 
or dash light bulbs with two dry cells usually are 
more satisfactory. The dry cells should be of num-
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ber 6 size, since any smaller sizes discharge quickly 
and then cause unreliable indications. 

Neon lamp bulbs such as used for night lamps 
and signal lamps come in ratings of one-quarter to 
three watts for operation on 110-120 volts. These 
bulbs will light on either direct or alternating cur-
rent, both plates or electrodes lighting on alternat-
ing current and only one of them on direct current. 
It takes a rather high voltage, such as supply line 
voltage, to "break down" a neon lamp and cause 
it to glow, but once the glow is established it will 
continue with a current of only a few milliamperes 
or, in the small bulbs, with a current measured in 
micro-amperes. 

When used with an alternating-current source a 
neon bulb will light and continue to glow with 
current that passes through the capacitance between 
adjacent insulated conductors, so will glow on cur-
rent through an open circuit. With direct-current 
supply of voltage high enough to operate the lamp. 
the neon lamp will flash but will not continue to 
glow with current through such an open circuit. In 
general, the neon lamp is too sensitive or takes too 
little current to make it reliable for ordinary circuit 
testing. 

BELLS AND BUZZERS 

A vibrating type of doorbell or buzzer may be 
used in a self-contained teste: made up with two 
number 6 dry cells, the connections to the bel or 
buzzer being the same as to the lamp bulb of Fig. 
23. Bells and buzzers of usual styles take so much 
current to operate them that they will not ring or 
buzz through a circuit containing even moderately 
high resistance, but they will operate through a 
low-resistance short or ground. The large currents 
taken by these indicators will quickly discharge 
even the large size dry cells. The chief advantage 
of ordinary bells and buzzers is that the give an 
audible signal and make it unnecessary to watch 
the indicator while making test connections. 

High-frequency low-current buzzers which oper-
ate on four to six volts make satisfactory test indi-
cators for self-contained testers using three or four 
dry cells or a dry battery of equivalent overall 
voltage. The only real objections to such buzzers 
are their high cost for good types, and their failure 
to buzz in the cheaper types. 

MAGNETO TEST SET 
• 

A magneto test set, shown in principle by Fig. 24, 
consists of an alternating-current generator or a 
magneto, operated by a hand crank, and connected 
in series with a polarized bell and the terminals for 
the test leads. A polarized bell has a permanent-
magnet armature and will ring on alternating cur-
rent. Most magi etos are designed to ring their 
bells through a circuit resistance of 20,000 to 
40,000 ohms, and, of course, through any smaller 
resistance. 

Among the advantages of the magneto test set 
are ease of operation a signal that is clearly audible, 

and the ability to test through circuits of high re-
sistance. One disadvantage is that circuits con-
taining large self-inductances, such as coil windings, 
have large opposition to alternating current and 
may prevent the bell from ringing. Another dis-
advantage is that the aternating current will act 
through capacitances, and when a circuit contains 
either condensers or long closely spaced insulated 
conductors the bell ringing current will pass 
through these parts even though there would be 
an open circuit for direct current. 

VOLTMETERS FOR INDICATORS 

A voltmeter for use in direct-current circuits con-
sists of a meter movement in which the pointer 
moves all the way across the sLale with a current 
of from one to 10 milliamperes in most designs. 
Within the meter case or attached to it, and in 
series with the movement, is a resister of high 
enough value so that application of the full-scale 
voltage to the meter terminals will limit the cur-
rent to just enough for full-scale travel of the 
pointer. Such a meter is shown by Fig. 25. 
The voltmeter alone may be used just as a lamp 

or other indicator is used when the source of testing 
voltage and current is a line supply, or it may be 
used with any other source temporarily connected 
in place of the line of supply. In any case, the 
full-scale range of the meter must be at least as 
high as the maximum voltage from the test source. 

For a self-contained tester the voltmeter is con-
nected in series with a dry-cell battery as shown 
in Fig. 25. The terminal voltage of the battery 
must be no higher than the full-scale range of the 
meter. 
An advantage of the voltmeter is that its own 

high resistance prevents any but small currents in 
the circuit tested. Large currents through equip-
ment tested, especially when they are direct cur-
rents, may either magnetize soft iron cores that 
should not be magnetized, or may partially de-
magnetize some parts that should have definite 
magnetic polarities. The small current required to 
move the meter pointer allows using a battery of 
small capacity with assurance of reasonably long 
service. A disadvantage of the voltmeter for some 
tests is that it will indicate nearly full voltage 
through a rather high external resistance or a high 
circuit resistance. Thus it is not easy to recognize 
the presence of abnormally high resistances in the 
circuit tested. 

Voltmeters for testing with alternating-current 
line power as the source usually are of the rectifier 
type. A rectifier meter consists of the same type 
of movement shown by Fig. 25 and of a current-
limiting resistor. Between the movement and the 
terminals of the meter is a rectifier which changes 
alternating current into pulsating direct current 
that will operate the meter movement. There are 
other types of alternating-current voltmeters, but 
they take so much current for thei rown operatioh 
that we lose most of the advantages of a voltmeter 
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and might almost as well employ a small test lamp. 

An alternating-current voltmeter would not be 
used in a self-contained tester, since they only 
practicable source of alternating current would be 
a magneto or small a.-c. generator. With a mag-
neto we might better use a polarized bell. 

CURRENT METERS FOR INDICATORS 

If an ammeter or milliammeter is used as a test 
indicator there must be permanently connected in 
series with the meter, and close to the meter, a 
resistor which will limit current to the full-scale 
value of the meter when the highest possible test-
ing voltage is applied. Neglecting the small in-
ternal resistance of the meter itself, the number 
of ohms in the limiting resistor must be equal to the 
maximum of applied volts divided by the full-
scale current of the meter as measured in amperes, 
not in milliamperes. 

Unless it is necessary to measure current in am-
peres or milliamperes during tests, a current-meter 
should not be employed. There is too much danger 
of applying excessive voltage and of burning out 
the meter. A delicate milliammeter without a pro-
tective resistor may be burned out by connecting 
it to a single flash light cell. 
A milliammeter, a current-limiting resistor, and 

a dry cell battery may be asembled into a self-con-
tained tester as shown by Fig. 26. The number 
of ohms required for the resistor is found by multi-
plying the battery volts by 1,000, then dividing the 
product by the full-scale milliamperes of the meter. 
Such a resistor will limit the meter current to the 
full-scale value when testing a short circuit and 
when the battery is fresh. The tester thus assem-
bled is practically the same as the self-contained 
voltmeter type of Fig. 25, except that the limiting 
resistor is a part of the voltmeter and is added to 
the milliammeter. 

A milliammeter of the rectifier type might be used 
when testing with alternating current as the source. 
Again it would be absolutely necessary to perma-
nently connect a current-limiting resistor in series 
with the meter, so again it would be better to use 
a voltmeter rather than a current meter. 

OHMMETERS 
Fig. 27 illustrates the basic principle of a com-

monly used style of ohmmeter, an instrument that 
indicates on its dial scale the ohms of resistance in 
a circuit to which it is connected. At "A" in Fig. 
27 we have a milliammeter which reads 10 milliam-
peres at full scale, a 3-cell 4Y2-volt dry cell battery, 
and a 450-ohm resistor, all in series between the 
terminals to which is connected an external circuit 
here shown as having zero resistance. 
Ohm's law shows that the current is 10 milliam-

peres through 450 with 472 volts applied, so, neg-
lecting the small internal resistance of the meter 
itself, we have a full-scale reading of the meter. 
At "B" we have disconnected the external circuit 
from the terminals, so no current can flow and the 

meter reads zero. With the terminals open we 
have between them an external resistance so great 
that it is called infinite resistance. 
At "C" in Fig. 27 the terminals are connected to 

an external circuit having a resistance of 450 ohms, 
the same as the resistance of the resistor in the 
ohmmeter. Now the total resistance in series with 
the meter and battery is 900 ohms. Ohm's law 
shows that this resistance allows a current of 5 
milliamperes with 472 volts applied. Thus we have 
a half-scale reading of the meter. 
The dial scale of an ohmmeter is graduated in 

ohms rather than in current values. Infinite ex-
ternal resistance is indicated by the pointer all the 
way to the left, zero resistance is indicated by the 
pointer all the way to the right, and intermediate 
resistances are indicated by intermediate readings. 
The graduations are farthest apart at the low-resist-
ance right-hand end of the scale and get closer and 
closer together as they go toward the high-resist-
ance left-hand end. 

In a practical ohmmeter there is allowance for 
the internal resistance of the meter movement, also 
adjustments for battery voltage and to compen-
sate for gradual fall of voltage as the battery dis-
charges. 
One of the best of all test instruments may be 

made with parts such as shown in Fig. 27 enclosed 
in a case with terminals for test leads. Unless we 
wish to measure exact numbers of ohms it is not 
necessary to allow for movement resistance nor to 
provide adjustment for battery voltage or battery 
discharge. The number of ohms in the fixed re-
sistor inside the ohmmeter case is found by multi-
plying the battery voltage by 1,000, and dividing 
this product by the full-scale milliamperes of what-
ever meter is used. Because of the extra resistance 
of the movement the pointer will not go to full scale 
even with the terminals connected together through 
a short copper wire, but the pointer will go almost 
to full scale. A half-scale reading always will indi-
cate an external resistance approximately equal to 
the fixed resistance used in the ohmmeter. 
A self-contained tester of this type will indicate 

an open circuit by its pointer remaining at the 
left-hand end of the meter scale, will indicate a 
"dead" short or a low-resistance ground by the 
pointer going almost all the way to the right, and 
will indicate resistance by the pointer going to 
some intermediate position on the scale. 

TELEPHONE RECEIVER FOR TEST 
INDICATOR 

Fig. 28 shows the connections for a telephone 
receiver or radio headphone used as a tester. One 
or two dry cells are connected in series with the 
receiver and the test leads, preferably with cords 
long enough so that the dry cells may be carried in 
your pocket with the headband and receiver in place 
on your head, thus leaving both hands free to work 
with the test leads. 
When one lead is connected to one side of a cir-

cuit being tested, and the other lead is lightly 
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touched to and withdrawn from the other side of 
the circuit, there will be pronounced click in the 
receiver if the circuit is complete, and there will 
be no click or only a weak one if the circuit is 
open. If the circuit being tested contains high re-
sistance the click will be weaker as the resistance 
increases. 
Some circuits have quite a bit of capacitance, 

either in the form of condensers or capacitors, or 
else between adjacent insulated conductors in long 
circuits. When the telephone receiver is used for 
testing such circuits there will at first be a loud 
click as the capacitance takes a charge. If one 
lead then is removed and quickly reconnected the 
click will be weaker, but if much time intervenes 
between taps the click will be as loud as before 
if the capacitance is due to long insulated wires. 

After enough experience in using the telephone 
receiver so that its indications may be quite surely 
recognized, this makes a decidedly useful tester, 
but at first the clicks or absence of clicks is likely 
to be misleading. 

TESTS ON PARALLEL CIRCUITS 

Up to this point all our diagrams of circuits teste .1 
have shown series circuits. A series circuit is one 
in which all the current flowing in any one part 
must flow also through every other part of the 
circuit. It is a circuit in which all the parts are 
connected "end-to-end", and in which the two outer 
ends of the circuit are connected to the source. 

A parallel circuit consists of two or more cur-
rent paths connected across the same source. Fig. 
29 shows loads A, B and C connected across 
a source. The voltage of the source is applied 
equally to all the loads connected in parallel, and 
the total current from the source divides between 
the loads connected in parallel. 

In diagram "1" of Fig. 29 there is an open cir-
cuit in the branch line for load B, but, as shown 
by the arrows, current still flows as usual through 
loads A and C. We might be able to locate the 
open circuit by measuring the change of resistance 
across the source, but this would require knowing 
the original resistance of the circuit when in good 
condition—a knowledge we seldom would have. 

In diagram "2" of Fig. 29 there is a short circuit 
between terminals on loads B and C. Current from 
the source folows the path shown by arrows, pass-
ing through none of the loads but going entirely 
through the low-resistance wire conductors. No 
current to speak of flows through any of the loads. 
The excesive current through the wire conduc-
tors will blow a fuse or trip a circuit breaker, just 
as will the short-circuit current in any other 
circuit. 
Diagram "3" in Fig. 29 shows a ground return 

circuit with the three loads in parallel across the 
source. Opens and shorts in this circuit would act 
generally as they do in any other circuit, and acci-
dental grounds would act like short circuits—just 
as they do in a series connection. 

To locate opens, shorts and accidental grounds in 
parallel circuits, or with loads connected in parallel 
we nearly always must disconnect the parallel 
branches from one another and test each branch 
as a series circuit, which it is when disconnected 
from other branches. Then the tests for various 
kinds of faults are exactly the same as those we 
already have studied. 
Lighting and appliance branch circuits in build-

ings ordinarily are wired according to the principle 
shown in Fig. 30, where the symbols marked L 
represent lamps or appliances. In each branch the 
lamps or appliances are in parallel between the 
two wire lines, but the relatively high resistance 
of lamps between the two sides of the branch cir-
cuit allows testing the branch like a series circuit 
when it is disconnected from other branches. Each 
branch may be disconnected from the service equip-
ment by removing the fuse or opening the circuit 
breaker that protects the branch. The left-hand 
branch of Fig. 30 would be disconnected by remov-
ing fuse A. then testing this branch according to 
the methods of Figs. 20 to 22. The upper right-
hand branch would be disconnected by fuse B, and 
the lower right-hand branch by fuse C. 

Parallel circuits having exposed conductors run-
ning between separate pieces of equipment may be 
broken up into series sections after inspecting the 
connections. When the conductors are concealed, 
as with the internal wiring of appliances and other 
electrical apparatus, it usually is necessary to have 
a wiring diagram of the equipment before it is pos-
sibcto carry out positive tests for circuit troubles. 

DETERMINING THE PROBABLE TROUBLE 

Blown fuses, tripped circuit breakers, and evi-
dences that equipment and insulation have been 
overheated indicate that the circuit troubles are 
shorts or grounds. When such symptoms are 
present you should commence your work with tests 
for shorts circuits and accidental grounds rather 
than with tests for open circuits. 

If lamps, appliances and other equipment fail to 
operate, and if fuses or circuit breakers are not 
open, it is probable that there is an open circuit and 
it is for such trouble that you first should make 
tests. When any equipment refuses to start or tu 
operate, the correct procedure is to check for volt-
age at the equipment terminals with switches 
turned on. You can make this check with a test 
lamp having a voltage rating the same as that of 
the supply line. If the lamp lights brightly there 
is voltage at the equipment and there are no open 
circuits in lines coming to the equipment. If the 
lamp lights dimly there probably is high resistance 
somewhere in the lines, and if the lamp fails to 
light at all there is an open circuit. 

Before making instrument tests for open circuits 
look for any switches which may have been opened 
in lines between the supply source and the equip-
ment, and look for blown fuses or open circuit 
breakers in the lines. If switches, fuses and circuit 
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breakers are closed, check for voltage all the way 
back to the source or to the point at which the 
circuits connect to a supply line. 

TESTING INTERNAL CONNECTIONS 
All of the diagrams that have illustrated circuits 

and methods of testing them have shown the loads 
or circuit units as though they were well separated 
from one another and had exposed wires running 
between them. Exactly the same methods are used 
for testing internal connections and internal circuits 
in any kind of electrical equipment. Whether you 
are checking a circuit between lamps in separate 
rooms of a building, or one between adjacent tubes 
in a radio set makes no change in the general princi-
ples of testing for circuit troubles. 
When testing the circuit and connections inside 

any one piece of electrical equipment much time 
will be saved if you have a wiring diagram or a 
schematic circuit diagram for the equipment, especi-
ally if the construction it at all complicated, it 
would be relatively easy to check the internal con-
nections of something so simple as a vacuum 
cleaner containing only a motor, control switches 
and their connections. It would be more difficult to 
test an electric range with its many additional 
control switches and thermostats. 

CHOICE OF TESTING METHODS 

With the various kinds of testing equipment 
we may employ either alternating or direct current 
supplies; taking alternating current from a supply 
line or a magneto, and direct current from batteries 
in most cases but sometimes from a d-c line. When 
you have a choice it is a good idea to use alternat-
ing current for testing circuits and equipment that 
normally operate with such current, and to use 
direct current for those that normally operate with 
direct current. However, unless the circuit being 
tested contains coils that provide considerable in-
ductance, or capacitors that provide considerable 
capacitance, direct-current testing equipment is just 
as good as alternating current in every case. 
The voltage used for testing should preferably 

be as high as the normal operating voltage of the 
circuit tested, at least when you are using lamps, 
bells or buzzers for the test indicator. It is entirely 
possible for a short circuit or accidental ground to 
allow large leakage currents on 110 volts and yet 

not allow enough leakage to light a test lamp or 
ring a bell on voltage from one or two dry cells. 
When using more sensitive indicators, such as 
votmeters and ohmmeters, any voltage that oper-
ates the test instrument is sufficiently high for 
all usual tests. 
When you use a high testing voltage, such as line 

voltage, always limit the testing current to the 
smallest possible value that will operate the in-
dicator being used. A 6-watt lamp, taking but a 
small fraction of an ampere of current on a lighting 
and power circuit, gives indications that are just as 
positive and just as reliable as those of any larger 
lamp that takes much more current. The advantage 
of using a high testing voltage is in the fact that 
the high voltage will force current through faults 
in the circuit, but the least possible current is just 
as effective as a big curenrt so far as test indica-
tions are concerned. 

l'est leads should be of very flexible wire with 
conductors formed from braided strands covered 
with flexible insulation such as a thin layer of 
rubber and two layers of braided fabric. It is con-
venient to have a spring clip at the end of one test 
lead. This clip may be firmly attached at one point 
in the circuit tested. At the end of the other lead 
should be a pointed test prod enclosed almost to 
its tip with rubber, fibre or composition insulating 
tubing. It is advisable also to have a sleeve of soft 
rubber over the spring clip. Unless the end of the 
test leads are protected with insulation clear to 
the :ips with which connections are made, the 
exposed conductors of the leads will cause plenty 
of shorts and accidental grounds while you are 
making tests. 
A test lamp used alone, with line power for the 

testing voltage and current, should have insulated 
sprirg clips on both leads so that it may be con-
nected securely between terminals or fuse clips 
while you check for circuit troubles. When con-
necting such a lamp to the circuit do not take hold 
of both clips at the same time and attach them. 
By doing this you are likely to get a severe shock. 
Use only one hand at a time, clip one lead in place, 
let go of it, then clip the other lead in place. The 
same general method of making test connections 
should be followed with any test equipment that 
employs high voltage or line voltage. 
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TRACING CIRCUITS. 

THIS SHEET SHOWS HOW TO TRACE ELECTRICAL CIRCUITS, IF THE STEP BY STEP PROCEDURE 
GIVEN BELOW IS FOLLOWED, LITTLE DIFFICULTY WILL BE EXPERIENCED. 

a. Nark the polarity of the source of supply, 

putting a (+) mark at the point of highest 
electriJal pressure, and a (-) mark at the 
point of lowest electrical pressure. 

b. See if there is a complete path from (+) 
to (-). In this case the path can be com-
pleted only by closing the switch S. To 
indicate that this switch is closed, place 
a dot beside it as shown. 

c. Now trace the circuit, using the arrows to 
indicate the direction of current flow 

around the circuit from the high pressure 
point (+) to the low pressure point (-). 

d. Nark the number of the circuit alongside 
or inside the diagram and show the color 
of the arrow used to trace it thus: 

Circuit e 

a. Mark the polarity of the battery (+) (-). 

b. Close switch e with a lead pencil dot, 
and trace circuit controlled by this 
switch in the same color. 

c. Nark number of circuit alongside diagram 
and show colored arrow used to trace it 
thus: Circuit el 

d. Close switch e with a red dot and trace 
the circuit controlled by this switch in 
red. 
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NUMBER OF CONDUCTORS IN 
CONDUIT OR TUBING' 

Lead-Covered Types RL and RHL-600 V. 

Size 
AWG 
MCM 

14 
12 
10 

6 
4 
3 
2 
1 

O 
00 
(MO 
0000 

250 
300 
350 
400 
500 

600 
700 
750 
800 
900 

1000 
1250 
1500 
1750 
2000 

NUMBER OF CONDUCTORS IN ONE CONDUIT OR TUBING 

Single Conductor 
Cable 

1 2 3 4 

2-Conductor 
Cable 

1 2 3 4 

3-Conductor 
Cable 

1 2 

34 
34 
34 
34 

34  

(34 
I 4 
1 
134 

34 

134 
14 
2 
2 
2 

14 

5,4 1% 
34 

14 
I 
I h 
2 

14 
2 
2 
2 
2)4 

2 
234 
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24 
3 

2 
2 
2 
234 

2 
2 
234 
2Y¡ 

2% 
2.4 
234 

1434 2)4 
3 
3 
3 
3 

3 
3 
3 
3 
33¡ 

3 
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334 
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4 

2 

234 
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3 
3 
3 
3Y¡ 

334 
4 
4 
4 
4 

434 
5 
5 
6 
6 

4 
4 
4 
434 
434 

4% 

414 
5 
6 
6 
6 

6 
6 
6 

34 

24 
3 
3 
3 

3 
34 
34 
34 

234 
234 
3 
3 
334 

34 
4 
4 
44 

1,4 
14 
14 
14 
2 

14 
I 4 
14 
2 

3 4 

134 
(34 
2 
2 

234 
3 
3 
3 
334 

3 
3 
334 

134 
2 
2 
2% 

3 
334 
354 

:34 

2 
234 
234 
3 

4 
4 
44 
5 

454 
434 
434 
6 

5 
5 
6 
6 

3 
334 
334 
3% 
4 

6 
6 
6 
6 
6 

6 
6 
6 
6 

The above sizes apply to straight runs or with nominal offsets 
equivalent to not more than two quarter-bends. 

I• 1947 N. E. Code. Table 5 

PROPERTIES OF COPPER CONDUCTORS' 

Size Area 

Concentric Lay 
Stranded 

Conductors 
Bare 

Conductors 

1117- Resistance 
Ohms/M Ft. 
At 25 C.771:,. 

AWG Cir. Mils 
Diem. 

No. Each Diam. *Area Bare Tin'd. 
Wires Wire Inches Sq. Cond. Cond. 

Inches Inches 

18 1624 Solid .0403 .0403 .0013 6..%10 6.77 
16 2583 Solid .0508 .0508 .0020 4.094 4.25 

14 4107 Solid .0641 .0641 .0032 2.575 2.68 
12 6530 Solid .0808 .0808 .0051 1.619 1.69 
10 10380 Solid .1019 .1019 .0081 1.018 1.06 
8 16510 Solid .1285 .1285 .0130 .641 .660 

6 26250 7 .0612 .184 .027 .410 .426 
4 41740 7 .0772 .232 .042 .259 .269 
3 52640 7 0867 .260 .053 .205 .213 
2 66370 7 0974 .292 .067 .162 .169 
1 83690 19 .0664 .332 .087 .129 .134 

0 105500 19 0745 .373 .109 .102 .106 
00 133100 19 .0837 .418 .137 .0811 .0844 

000 167800 19 0940 .470 .173 .0642 .0668 
0000 211600 19 1055 .528 .219 .0509 .0524 

250000 37 .0822 .575 .260 .0431 .0444 
300000 37 0900 .630 .312 .0360 .0371 
350000 37 .0973 .681 .364 .0308 .0318 
400000 37 1040 .728 .416 .0270 .0278 
500000 37 .1162 .814 .520 .0216 .0225 

600000 61 .0992 .893 .626 .0180 .0185 
700000 61 .1071 .964 .730 .0154 .0159 
750000 61 .1109 .998 .782 .0144 .0148 
800000 61 .1145 .031 .835 .0135 .0139 
900000 61 .1215 .093 .938 .0120 .0124 

1000000 61 .1280 .152 1.042 .0108 .0111 
1250000 91 .1172 .289 1.305 .00864 .00890 
1500000 91 .1284 .412 1.566 .00719 .00740 
1750000 127 .1174 .526 1.829 .00617 .00636 
2000000 127 .1255 .631 2.089 .00539 .00555 

• Area given is that of a circle having a diameter equal to the over-all 
diameter of a stranded conductor. 

The values given in the table are those given in Circular 31 of the 
National Bureau of Standards except that those shown in the last 
column are those given in Specification B33 of the American Society 
for Testing Materials. 
The resistance values given in the last two columns are applicable 

only to direct current. 

(• 1947 N. E. Code, Table 18.) 

COPPER WIRE TABLE 

GAGE CCU& CROSS SECTION 

No. Inches Circular Square 
Ath Inches 

RESISTANCE 
ot 68 F. 

Ohms per Feet 
1,000 Ft. per Ohm 

0000 0.4600 211,600 .1662 0.0490 20,400 
000 .4096 167,800 .1318 .0618 16,180 
00 .3648 133,100 .1045 .0779 12,830 
0 .3249 105,500 .08289 .0983 10,180 

1 .2893 83,690 .06573 6:470 
2 .2576 66,370 .05213 60 
3 .2294 52,640 .C4134 .1970 5,075 
4 .2043 41,740 .03278 4,025 

5 .1819 33,100 .02600 .3133 3,i92 

:4679929:82? 

6 .1620 26,250 .02062 2,531 
7 .1443 20,820 .01635 

.: 17)54:972 8 .1285 16,510 .01297 

1,262 
1,001 

9 .1144 13,090 .01028 
10 .1019 10,380 .008155 .9989 
11 .09074 8,234 .006467 1.260 794 
12 .08081 6,530 .005129 1.588 

4996.33° 13 .07196 5,17à .004067 2.003 
14 .06408 4,107 .003225 2.525 396.0 
15 .05707 3,257 .002558 3.184 314.0 
16 .05082 2,583 .002028 4.016 249.0 

17 .04526 2,048 .001609 5.064 197.5 
18 .04030 1,624 .001276 6.385 156.6 
19 .03589 1,288 .001012 8.051 124.2 
20 .03196 1,022 .000802 10.15 98.5 

21 .02846 810.1 12.80 78.11 
22 .02535 642.4 00  

:000:(13.? 20:3: 649: 91: 23 .02257 509.5 
24 .02010 404.0 56 38.96 

25 .01790 320.4 .0002517 :2:377 30.90 
26 .01594 254.1 .0001996 40.81 24.50 
27 .01420 201.5 .0001583 51.47 19.43 
28 .01264 159.8 .0001255 64.90 15.41 

29 .01126 126.7 .0000995 81.83 12.22 
3° .01003 100.5 .0000789 103.2 9.691 
31 .008928 79.70 .0000626 130.1 7.685 
32 .007950 63.21 .0000496 164.1 6.095 

33 .007080 50.13 .0000394 206.9 4.833 
34 .006305 31.75 .0000312 260.9 3.833 
35 .005615 31.52 .0000248 329.0 3.040 

38 .005000 25.00 .0000196 414.8 2.411 
37 .004453 19.83 .0000156 523.1 1.912 
38 .003965 15.72 .0000124 659.6 1.516 
39 .003531 12.47 .0000098 831.8  1.202 
40 .003145 9.88 .0000078 1049. .953 

41 .00280 7.845 .0L00062 1323 .756 
42 .00250 6.250 .uuvuo45 1655 .603 
43 .00220 4.850 .0000038 2138 .467 
44 .00200 4.)00 .0000031 2592 .386 

45 .00175 3.063 .0000024 3390 .295 
46 .00150 2.280 .0000018 4610 .817 

15:1 



RESISTANCE WIRE- NICHROME 

660 ohms per circular mil•foot at 68 F. 

SIZE Ohms. 
A.W.G. per Foot 

e 
9 
10 
11 

12 
13 
14 
15 

16 
17 
18 
19 

20 
21 
22 
23 

24 
25 
26 
27 

28 
29 
30 
31 

32 
33 
34 
35 

36 
37 
38 
39 

40 
41 
42 
43 

44 
45 
46 

. 0408 

.0509 

.0639 

.0805 

.1018 

.1278 

.1610 

.2036 

.2556 

.322J 

.4072 

. 5112 

.6465 

.8175 
1.031 
1.29C 

1.634 
2.060 
2.611 
3.274 

4.159 
5.168 
6.600 
8.333 

10.31 
13.10 
16.62 
21.02 

26.40 
32.67 
41.24 
54.10 

73.33 
87.30 
105.6 
130.4 

165.0 
215.7 
293.3 

Ohms Feet lbs. per 
per Pound per Pound 1000 Ft. 

.903 
1.416 
2.205 
3.500 

5.66 
8.93 
14.25 
22.19 

35.50 
57.62 
92.00 
142.6 

228.3 
364.6 
582.3 

1455 
2310 
3729 
5830 

9438 
14740 
23870 
37950 

58190 
94160 
150700 
240900 

381700 
583000 
916300 
1591000 

2566000 
4140000 
6230000 
9310000 

22.2 
27.8 
34.5 
43.5 

45.0 
36.0 
29.0 
23.0 

55.6 18.0 
69.9 14.3 
88.5 11.3 

109 eae 

139 
179 
226 
279 

353 
446 
565 
709 

893 
1123 
1429 
1786 

2273 
2857 
3623 
4566 

5650 
7194 
9091 
11490 

14490 
17860 
22220 
29410 

40000 
47600 
58900 
71500 

15000000 91000 
26900000 1 25000 
48700000 166700 

7.19 
5.58 
4.42 
3.58 

2.83 
2.24 
1.77 
1.41 

1.12 
.890 
.700 
.560 

.490 

.350 

. 276 

.219 

.177 

.139 

.110 

.0871 

.0690 

.0560 

.0450 

.0340 

.0250 

.0210 

.0169 

.0140 

.0110 

.0080 

.0060 

RESISTANCE WIRE-MANGANIN 
270 ohms per circular mil-foot at 68 F. 

SIZE Ohms 
A.W.G. per Foot 

10 
12 
14 
15 

16 
17 
18 
19 

20 
21 
22 
23 

24 
25 
26 
27 

0.026 
.041 
.066 
.083 

.103 

.133 

.168 

.203 

.263 

.332 

.421 

.528 

.668 

.843 
1.068 
1.339 

28 1.700 
29 2.114 
30 2.700 
31 3.409 

32 
33 
34 
35 

38 
37 
38 
39 
40 

4.219 
5.357 
6.801 
8.598 

10.80 
13.36 
16.87 
22.13 
30.00 

CONDUCTOR AND RESISTOR MATERIALS 

Kind of Material 
Ohms Feet Lbs. per or Trade Name 

per Pound per Pound 1000 Ft. 

0.88 
2.22 
5.62 
9.40 

14.9 
23.8 
39.6 
60.4 

96.6 
153 
247 
579 

653 
983 

1580 
2380 

4020 
6250 
10100 
16100 

24700 
39500 
64000 
102000 

162000 
238000 

389000 

675000 
1240000 

34.8 
54.5 
89.5 
109.0 

139 
179 
226 
279 

353 
446 
565 
709 

893 
1123 
1429 
1786 

2273 
2857 
3623 
4566 

5656 
7194 
9091 

11490 

14490 
17860 
22220 
29410 
40000 

28.6 
18.2 
11.5 
9.20 

7.20 
5.60 
4.42 
3.58 

2.83 
2.24 
1.77 
1.41 

1.12 
.89 
.70 

.56 

.440 

.350 

. 276 

.219 

.177 

.139 

.110 

.087 

.069 

.056 

.045 

.034 

.025 

Advance 

Aluminum 

Prass, comron 
high brass 
low brass 

Ohms 
per Circ. Mil-ft. 

at 68° F. 

Temperature 
Coefficient of 
Resistance 

perDegreeF. 

2014 0. 00001 

17 0022 

49 .001 
41 
35 

Carbon 21000 - 0.00028 

Chromel 

Constantan 

Copper, annealed 
USS 
hard drawn 

German silver, leg 

Graphite 

Ideal 

Iron, pure 
cast 
wrought 

Lead 

Lucerno 

Yatnesium, pure 

Manganin 

Nickel 

Nickel silver, 

Nichrome II 
III 
IV 

30% 

Novas 

Flatinum 

Silver 

Steel, crucible 
elvanized 
hard 
manganese 

Tungsten 

lino 

540 

294 .000005 

10.4 .00218 
10.55 .002 
10.65 .00212 

198 .00018 

4800 

295 .000005 

60 .0031 
540 
84 

115 .0023 

275 .001 

277 .0022 

270 .00001 

52 .0027 

240 0001 

660 .00013 
540 .0001 
625 .00006 

296 

72 .0021 

9.75 .0021 

115 
67 .0017 

162 .001 
420 .0005 

33.2 .0025 

38 .0021 

II
I-
I
C
:
N
O
D
 C
I
N
V
 
S
U
I
V
D
 ̀
S
H
I
M
 -
 D
N
I
M
A
I
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68 WIRING - WIRE, CABLE AND CONDUIT 

ALLOWABLE CURRENT•CARRYING CAPACITIES 
OF CONDUCTORS IN AMPERES* 

Not More Than Three Conductors in Raceway or Cable 
(Base) on Room Temperatures of 30 C. 86 P.) 

Size 
AWG 
MCM 

14 
12 
10 
8 

Rubber 
Type R‘I, 
Tyre RU 
(14-6) 

Thermo-
plastic 
Type T 
(14 4/0) 
TypeTW 
(14-4/0) 

Rubber 
Type 
RH 

Paper 

Thermo-
plastic 

Asbestos 
Type TA 

Var-Cam 
Type V 

Asbestos 
Var-Cam 
Type 

Asbestos 
Var-Cam 
Type 
A1/ A 
Type 
AVL 

Impreg-
nated 

Asbestos 
THe 

(14-8) 
Type 
ALA 

Asbestos 
Type A 
(14-8) 

Type AA 

(5 
20 
30 
40 

o 
4 
3 
2 

55 
70 
80 
95 
110 

125 
145 
165 
195 

215 
240 
260 
2e4) 
320 

355 
385 
400 
410 
435 

455 
495 
520 
545 
560 

15 
20 
30 
45 

65 
85 
100 
115 
130 

150 
175 
200 
230 

255 
285 
310 
335 
380 

420 
460 
475 
etio 
52o 

545 
590 
625 
650 
665 

25 
30 
40 
50 

70 
90 
105 
120 
140 

155 
185 
210 
235 

270 
30o 
325 
360 
405 

453 
490 
500 
515 
555 

585 
645 
700 
735 
775 

30 
35 
45 
60 

80 
105 
120 
135 
160 

190 
215 
245 
275 

315 
345 
390 
420 
470 

525 
560 
580 
600 

30 
40 
50 
65 

30 
40 
55 
70 

85 
115 
130 
145 
170 

200 
230 
265 
310 

335 
380 
420 
450 
500 

545 
600 
620 
640 

05 
120 
145 
165 
190 

225 
250 
285 
340 

o 
00 

000 
MOO 

250 
300 
350 
400 
500 

600 
700 
750 
800 
900 

1.000 
1.250 
1,500 
1.750 
2.0(10 

680 

785 

840 

730 • . • 

NOTES ON THE TWO PRECEDING TABLES 

I. Aluminum Conductors. For aluminum conductors, 

the allowable current-carrying capacities shall be taken 

as 84 per cent of those given in the table for the respective 

sizes of copper conductor with the same kind of insulation. 

2. Bare Conductors. If bare conductors are used with 

insulated conductors, their allowable current-carrying 

capacity shall be limited to that permitted for the insu-

lated conductor with which they are used. 

3. Application of Table. For open wiring on insulators 

and for concealed knob-and-tube work, the allowable 

current-carrying capacities of Table 2 shall be used. For 

all other recognized wiring methods, the allowable current-

carrying capacities of Table 1 shall be used, unless other-

wise provided in this code. 

4. More Than Three Conductors in a Raceway. Table 

I gives the allowable current-carrying capacity for not 

more than three conductors in a raceway or cable. If 

the number of conductors in a raceway or cable is from 4 

to 6, the allowable current-carrying capacity of each con-
ductor shall be reduced to 80 per cent of the values in 
Table 1. If the number of conductors in a raceway or 

cable is from 7 to 9, the allowable current-carrying capacity 
of each conductor shall be reduced to 70 per cent of the 
values in Table 1. 

5. Neutral Conductor. A neutral conductor which 

carries only the unbalanced current from other conductors, 

as in the case of normally balanced circuits of three or 

more conductors, shall not be counted in determining 

current-carrying capacities as provided for in the preced-

ing paragraph. 

In a 3-wire circuit consisting of two phase wires and the neutral of 
a 4-wire, 3-phase system. a common conductor carries approximately 

the same current as the other conductors and is not therefore con-

sidered as a neutral conductor. 

ALLOWABLE CURRENT-CARRYING CAPACITIES 
OF CONDUCTORS IN AMERES* 

Single Conductor in Free Air 
(Based on Room Temperature of 30 C. 86 P.) 

Size 
AWG 
MCM 

14 
12 
10 
8 

6 
4 
3 
2 
1 

o 
00 

000 
0000 

Rubber 
Type R 
Type 
RW 

Type RU 
(14-6) 

Thermo-
plastic 
Type T 
Type 
TW  

20 
25 
40 
55 

80 
105 
120 
140 
105 

195 
225 
260 
300 

340 
375 
420 
455 
515 

575 
630 
655 
680 
730 

Rub-
ber 
Type 
RH 

20 
25 
40 
65 

95 
125 
145 
170 
195 

230 
265 
310 
360 

405 
445 
505 
545 
620 

690 
755 
785 
815 
870 

250 
300 
350 
400 
500 
600 
700 
750 
800 
900 

1000 
1250 
1500 
1 750 
2000 

Thermo-
plastic 
Asbestos 
Type TA 

Var-Cam 
Type V 

Asbestos 
Var-Cam 

TAM 
30 
40 
55 
70 

100 
135 
155 
180 
210 

245 
285 
330 
385 

425 
480 
530 
575 
660 

740 
815 
845 
880 
940 

As-
be tos 
Var-
Cam 
Type 

Type 
AVL 

40 
50 
65 
85 

120 
IGO 
180 
210 
245 

285 
330 
385 
445 
495 
555 
610 
665 
765 

Impreg-
nated 
As-

bestos 
Type 
Al 

(14-8) 
Type 
A1A 

40 
50 
70 
90 

125 
170 
195 
225 
265 

305 
355 
410 
475 

530 
590 
655 
710 
815 

855 
040 
980 
1020 

910 
1005 
1045 
1085 

780 
890 
980 
1070 
1155 

935 
1065 
1175 
1280 
1385 

1000 
1130 
1260 
1370 
1470 

1165 

1,150 

1715 

As-
bestos 
Type 
A 

(14-8) 
TAyxe 

45 
55 
75 

100 

135 
180 
210 
240 
280 

325 
370 
430 
510 

Slow-
Burn-
ing 
Tyne 
SB 

Weath-
er-proof 

Te 
Type 
SRW  

.30 
40 
55 
70 

100 
130 
150 
175 
205 

235 
275 
320 
370 

410 
460 
510 
555 
630 

710 
780 
810 
845 
905 

965 

1215 

14,05 

o. Ultimate Insulation Temperature. In no case shall 

conductors be associated together in such a way with 

respect to the kind of circuit, the wiring method employed, 

or the number of conductors, that the limiting tempera-

ture of the conductors will be exceeded. 

7. Use of Conductors With Higher Operating Tem-
peratures. If the room temperature is within 10 degrees C 

of the maximum allowable operating tenperature of the 

insulation, it is desirable to use an insulation with a 

higher maximum allowable operating temperature; al-

though insulation can be used in a room temperature 

approaching its maximum allowable operating temperature 

limit if the current is reduced in accordance with the table 

of correction factors for different room temperatures. 

8. Voltage Drop. The allowable current-carrying ca-

pacities in Tables 1 and 2 are based on temperature alone 
and do not take voltage drop into consideration. 

9. Overcurrent Protection. lf the standard ratings 

and settings of overcurrent devices do not correspond 

with the ratings and settings allowed fcr conductors, the 

next higher standard rating and setting may be used, 

but not exceeding 150 per cent of the tilowabk carrying 

capacity of the conductor. 

10. Deterioration of Insulation. It should be noted 
that even the best grades of rubber insulation will deteri-

orate in time, so eventually will need to be replaced. 

CORRECTION FACTOR FOR ROOM TEMPERATURES 
OVER 30 C. 86 F. 

C. F. 
40 104 .82 .88 .90 .94 .95 ... 
45 113 .71 .82 .85 .90 .92 ... 
50 122 .58 .75 .80 .87 .89 ... ... 
55 131 .41 .67 .74 .83 .86 ... 

GO 140 ... .514 .67 .79 .83 .91 
70 158 .35 .52 .71 .76 .87 ... 
75 167 . . .43 .66 .72 .86 ... 
80 I 76 .30 .61 .69 .84 

90 194 .50 61 .80 
100 212 51 .77 
120 248 . .69 ... 
140 284 . 59 
• 1947 N. E. Code 



WIRING - WIRE, CABLE AND CONDUIT 69 

DIMENSIONS OF RUBBER-COVERED AND 
THERMOPLASTIC COVERED CONDUCTORS' 

Size 
AWG 
MCM 

TYPES RF-32, R. RH. RW TYPES TF, T. TW. RU" 

Approx. 
Lharn. 
Inches 

Approx. 
Area 

Sq. Ins. 

Approx. 
Lhana. 
Inches 

Approx. 
Area 

Sq. Ins. 

18 .146 .0167 .106 .0088 
16 .158 .0196 .118 .0109 

14 2/64 ins. .171 .0230 .131 .0135 
14 
12 

3/64 ins. .204* 
2/64ins. .188 

.0327* 

.0278 
.... 
.148 .0172 

12 3/64 ins. .221* .0384* 
10 .242 .0460 :168 .0224 
8 .311 .0760 .228 .D408 

6 .397 .1238 .323 .0819 
4 .452 .1605 .372 .1087 
3 .481 .1817 .401 .1263 
2 .513 .2067 .433 .1473 
1 .588 .2715 .508 .2027 

0 .629 .3107 .549 .2367 
00 .675 .3578 .595 .2781 

000 .727 .4151 .647 .3288 
0000 .785 .4840 .705 .3904 

250 .868 .5917 .788 .4877 
300 .933 .6837 .843 .5581 
350 .985 .7620 .895 .6291 
400 1.032 .8365 .942 .6969 
500 1.119 .9834 .029 .8316 

600 1.233 .1940 .143 .0261 
700 1.304 .3355 .214 .1575 
750 1.339 .4082 .249 .2252 
800 1.372 .4784 .282 .2908 
900 1.435 .6173 .345 .4208 

1000 1.494 .7531 .404 .5482 
1250 1.676 .2062 .577 .9532 
1500 1.801 .5475 .702 2.2748 
1750 1.916 8895 .817 2.5930 
2000 2.021 3.2079 .922 2.9013 

• The dimensions for Type kW conductors; also these dimensions to 
be used for new work in computing the size of conduit or tubing 
for combinations of conductors not shown in Table 4. 

**Type RU conductors recognized in sizes No. 14 to No. 6. No. 18 
to No. 8. solid: No. 6 and larger, stranded. 

('1947 N. E. Code, Table 13.) 

DIMENSIONS OF CONDUIT OR TUBING' 

Size 

ft 
lh 
14 
2 
24 

Internal 
Diameter 
Inches 

.622 

.824 
1.049 
1.380 
1.610 
2.067 
2.469 

Area 
Square 
Inches 

Size 
Internal 
Diameter 
Inches 

Area 
Square 
Inches 

.30 

.53 

.86 
1.50 
2.04 
3.36 
4.79 

3 
.3% 
4 
44 
5 
6 

3.068 
3.548 
4.026 
4.506 
5.047 
6.065 

7.38 
9.90 
12.72 
15.95 
20.00 
28.89 

(* 1947 N. E. Code. Table 19 .) 

J. 
DW 

DIMENSIONS OF ASBESTOS-VARNISHED-
CAMBRIC INSULATED CONDUCTORS* 

Types AVA AVB, and AVL 

Size 
AWG 
MCNI 

TYPE AVA TYPEAN/B TYPE AVL 

Approx. 
'harm 
Inches 

Approx. 
Area 

Sq. In. 

Approx. 
lhani. 
Inches 

Approx. 
Area 

Sq. In. 

Approx. 
Diana. 
Inches 

Approx. 
Area 

Sq. In. 

14 .245 .047 .205 .033 .320 .080 
12 .265 .055 .225 .040 .340 .091 
10 .285 .064 .245 .047 .360 .102 
8 .310 .075 .270 .057 .390 .119 

6 .395 .122 .345 .094 .430 .145 
4 .445 .155 .395 .123 .480 .181 
2 .505 .200 .440 .166 .570 .255 
1 .585 .268 .540 .229 .620 .300 

0 .625 .307 .580 .264 .660 .341 
MJ .670 .353 .625 .307 .705 .390 
000 .720 .406 .675 .358 .755 .447 
0000 780 .478 .735 .425 .815 .521 

250 .885 .616 .855 .572 .955 .715 
300 .940 .692 .910 .649 1.010 .800 
350 .995 .778 .965 .731 1.060 .885 
400 1.040 .850 1.010 .800 1.105 .960 

500 1.125 .995 1.095 .945 1.190 1.118 
550 1.165 1.065 1.135 1.01 1.26$ 1.26 
600 1.205 1.140 1.175 1.09 1.30$ 1.34 

650 1.240 1.21 1.210 1.15 1.340 1.41 
700 1.275 1.28 1.245 1.22 1.375 1.49 
750 1.310 1.35 1.280 1.29 1.410 1.57 
800 1.345 1.42 1.315 1.36 1.440 1.63 

850 1.375 1.49 1.345 1.43 1.470 1.70 
900 1.405 1.5$ 1.37$ 1.49 1.505 1.78 
950 1.435 1.62 1.405 1.55 1.535 1.85 

1.000 1.465 1.69 1.4.55 1.62 1.56$ 1.93 

NOTE: No. 14 to No. 8. solid. No. 6 and larger, stranded; except 
AVL where all sizes are stranded. 

(• 1947 N. E. Code, Table 17.) 

CONDUIT SIZES 
CABLES ABOVE 600 VOLTS, ALSO CONTROL CABLES 

Cables of Equal Diameter 

Num-
ber of 
Cables 

in 
Con-
duit 

NOMINAL SIZE OP CONDUIT* 

WI WI 1' 11%"1141 2' 124'1 3' 1.341 4' 14W1 3• 

MAXIMLM CABLE DIAMETER IN INCHES 

1 .46 .61 .78 1.03 1.20 1.54 1.84 2.29 2.673.01 3.37 3.77 
2 .25 .33 .42 .55 .64 .82 .98 1.22 1.42 1.61 1.80 2.02 
3 .23 .31 .39 .52 .60 .77 .92 1.1$ 1.33 1.50 1.68 1.89 
4 .20 .26 .33 .44 .51 .65 .78 .97 1.13 1.27 1.42 1.59 
5 .22 .28 .37 .43 .55 .66 .82 .95 1.08 1.21 1.35 

6 .20 .26 .34 .40 .51 .61 .76 .891.001.12 1.25 
7 .19 .24 .32 .37 .47 .57 .70 .82 .93 1.04 1.16 
8 .22 .30 .35 .44 .53 .66 .76 .86 .971.08 
9 .21 .28 .33 .42 .50 .62 .72 .81 .91 1.02 

EXAN PLE: A 14' conduit will accommodate 3 cables with 
diam. .52' to .60'. 

• Condu't sizes are based on a straight run of 200'. 100' with 2-90• 
bends or 50' with 3-90° bends. For installations exceeding these 
limiting conditions use one or two conduit sizes larger. 

SPACE REQUIREMENTS FOR CONDUITS-DIAMETERS IN INCHES 

Con-
rluit 
Sizes 

34' 

i• 

1%' 
14' 
2' 

24' 
3' 
34' 

D 

14 
1% 
14 

I% 
234 

2% 
3% 

2% 
24 

334 
3h 
4% 

5% 
6% 

1' 1%' 

D D 

1% 
14 
1 

1% 

3 

2% 
3% 
3% 
3h 
4 
4% 

5% 
64 
6% 

1 % 

2% 
2% 

3 
3% 

34 
3% 
334 
4 

43X 

534 
6% 
634 

D 

1% 
1% 
1% 

2h 
2% 
2,11 

2!4 
3% 
3% 

34 
3% 
4 

4% 
4% 

6% 

1 

D 

1% 

2% 

23,4, 

3 
334 

4 
434 

434 
4h 
54 

6% 
6% 
734 

24' 3' 

2% 
2% 
2% 

2% 
3 

3% 
3% 
4 

D 

4% 
4% 

54 
6% 

734 
8% 

23‘ 

2% 

24 
3 

3% 

4 15 

5h 
5% 

634 
6% 

734 

D 

34' 

2h 
3 
3 

3% 
3% 

4% 
4% 

5% 
634 
6 X 

6% 
oi 7ei 
8 
9 
9 34 

3% 

3% 

3% 
4 

4% 

6% 
6% 
6% 

734 
8% 

8h 
9 
10 



70 WIRING - WIRE, CABLE AND CONDUIT 

VOLTAGE DROP TABLE* 
Circuit Footage for 3 Per Cent Drop 

Size 
A.W.G. 

3 
Amp. 

6 
Amp. 

15 
Amp. 

20 
Amp. 

25 
Amp. 

35 
Amp. 

50 
Amp. 

70 
Amç. 

ao 
Amp. 

90 
Amp. 

100 
Amp. 

125 
Amp. 

18 83 
16 131 66 
14 209 104 42 
12 330 166 66 50 
10 528 264 105 79 63 
8 840 420 168 126 100 72 

6 1336 668 267 200 160 114 80 
4 2125 1062 424 318 255 182 127 91 
3 2680 1340 536 402 321 229 160 114 100 
2 3379 1689 679 507 405 289 202 144 126 112 
I 4262 2131 852 639 511 365 255 182 159 142 127 

0 5372 2686 1074 806 644 460 322 230 201 179 161 128 
00 6778 3389 1355 1016 813 581 405 290 254 225 203 162 

000 8543 4272 1709 1281 1025 732 512 366 320 284 256 205 
0,000 5387 2155 1616 1293 923 646 461 404 359 323 258 

250,000 2546 1911 1527 1091 763 545 477 424 381 305 
300,000 3055 2291 1833 1309 916 654 572 509 458 366 

350.000 2673 2138 1526 1069 763 667 594 534 427 
400,000 3055 2444 1746 1222 873 763 679 611 488 
500,1100 3055 2182 1527 1091 934 848 763 611 
600,000 2619 1833 1309 1145 1018 916 733 
700,000 3055 2138 1527 1336 1188 1069 855 

• Compiled by A. M. Miller. Richmond. Va. 

Size 
A.W.G. 

150 
Amp. 

175 
Amp. 

225 
Arno. 

250 
AMP. 

275 
Ami). 

300 
Amp. 

325 
Amp. 

400 
Amp. 

450 
Amp. 

500 
Amp. 

525 
Amp. 

00 135 
000 170 146 

0.000 215 184 143 
250,000 254 218 169 152 
300,000 305 261 203 183 166 

350.000 356 305 237 213 194 178 
400.000 407 349 271 244 220 203 188 
500,000 509 436 339 305 277 254 235 190 
600,000 611 5.23 407 366 333 305 282 229 203 
700,000 71x 611 475 427 389 356 329 267 237 213 

750,000 763 654 509 458 416 381 352 286 254 229 218 
800,000 814 698 543 488 444 407 376 305 271 244 232 
900,000 916 785 611 550 500 458 423 343 305 275 261 

1,000,000 1018 873 679 611 555 509 470 381 339 305 291 

1,100,000 1120 960 746 672 611 560 517 420 373 336 320 
1,200,000 1222 1047 814 733 666 611 564 458 407 366 349 
1,300.000 1324 1134 882 794 722 662 611 496 441 397 378 
1,400,000 1425 1222 950 855 777 712 657 534 475 427 407 
1,500,000 1527 1309 1018 916 832 763 705 572 509 458 436 

1,600,000 1628 1396 1.064 976 888 814 752 611 532 488 465 
1,700,000 1728 1484 1154 1038 944 864 799 649 577 519 495 
1,800,000 1832 1571 1222 1110 1000 916 846 687 611 555 523 
1,900,000 1932 1664 1290 1160 1054 966 892 725 645 580 555 
2,000,000 2036 1746 1358 1222 1110 1018 940 763 679 611 582 

Size 
A.W.G. 

550 
Amp. 

600 
Amp. 

650 
Amp. 

690 
Amp. 

730 
Amp. 

770 
Amp. 

810 
Amp. 

850 
Amp. 

890 
Amp. 

930 
Amp. 

970 
Amp. 

1010 
Amp. 

1050 
Amp. 

800.000 222 
900.000 250 229 

1.000,000 277 254 235 

1,100.000 305 280 258 243 
1.200,000 333 305 282 265 251 
1,300,000 361 331 305 287 272 258 
1,400.000 388 356 328 309 292 277 ?64 
1.500.000 416 381 352 332 313 297 282 269 

1,600.000 444 407 376 354 334 339 101 287 274 
1300.000 472 432 399 376 355 361 320 305 291 279 
1,800,000 500 458 423 398 376 382 339 323 308 295 283 
1,900.000 527 483 446 420 397 403 358 341 325 312 299 287 
2.000,000 555 509 470 442 418 424 377 359 343 328 315 302 291 

Notes: Table calculated for 110 volts, direct current. The footages shown are approximate for single-phase and wo-pFase at unity 
power factor. For 3-phase the above footage may be increased by approximately 12 per cent. 

The following factors may be used for other voltages: 220 volts, multiply by 2; 440 volts, multiply by 4; 550 volts, miltiply by 5; 
2200 volts, multiply by 20. 

For 1 per cent drop allow one-third the footage shown. For 2 per cent drop allow two-thirds the footage shown. 
(By Courtesy of International Association of Inspectors.) 
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Aluminum Solid Wire Hard Drawn 

Resistance (61% at 20° C.) 

Am. Gauge 
B.8es. 
MI 

Ohms per 
1000 Feet 

Ohms per 
Mile 

Feet per 
Cnun 

Ohms per 
Pound 

0000 .0804 .4245 12400. .000414 
000 .101 .5333 9860. .000656 
00 .128 .6758 7820. .001043 
0 .161 .8501 6200. .001659 
1 .203 1.072 4920. .002636 

2 .256 1.352 3900. .004195 
3 .323 1.705 3090. .006676 
4 .408 2.154 2450. .010617 
5 .514 2.714 1950. .016821 
6 .648 3.421 1540. .026859 

7 .817 4.314 1220. .042755 
8 1.03 5.438 970. .067806 
9 1.30 6.864 770. .107595 
10 1.64 8.660 610. .171465 
11 2.07 10.93 484. .272450 

12 2.61 13.78 384. .433023 
13 3.29 17.37 304. .689730 
14 4.14 21.86 241. 1.09708 
15 5.22 27.56 191. 1.74555 
16 6.59 34.80 152. 2.76589 

17 8.31 43.88 120. 4.41782 
18 10.5 55.44 95.5 6.99992 
19 13.2 69.70 75.7 11.1355 
20 16.7 88.18 60.0 17.7155 
21 21.0 110.9 47.6 28.1586 

22 26.5 139.9 37.8 44.7100 
23 33.4 176.4 29.9 71.2819 
24 42.1 222.3 23.7 113.400 
25 53.1 280.4 18.8 180.255 
26 67.0 353.8 14.9 286.806 

27 84.4 445.6 11.8 456.211 
28 106.0 559.7 9.39 723.676 
29 134.0 707.5 7.45 1150.10 
30 169.0 892.3 5.91 1828.09 
31 213.0 1125. 4.68 2910.66 

32 269.0 1420. 3.72 4618.20 
33 339.0 1790. 2.95 7342.85 
34 428.0 2260. 2.34 11672.4 
35 540.0 2851. 1.85 18615.6 
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Aluminum and Copper Solid Wire 
Dimensions and Weight 

AREA 

Am. 
Gauge 
B. & S. 
No. 

Diam. 

0000 
000 
oo 
o 
1 

2 
3 
4 
5 
6 

7 
8 
9 
10 
11 

12 
13 
14 
15 
16 

17 
18 
19 
20 
21 

22 
23 
24 
25 
26 

27 
28 
29 
30 
31 

32 
33 
34 
35 

460.000 
409.640 
364.800 
324.860 
289.300 

257.630 
229.420 
204.310 
181.940 
162.020 

144.280 
128.490 
114.430 
101.890 
90.742 

80.808 
71.961 
64.084 
57.068 
50.820 

45.257 
40.303 
35.890 
31.961 
28.462 

25.347 
22.571 
20.100 
17.900 
15.940 

14.195 
12.641 
11.257 
10.025 
8.928 

7.950 
7.080 
6.304 
5.614 

Circular 
Mils. (d2) 
1 mil. - 
.001 inch 

Square 

(d2x.7854) 

211600.00 
167805.00 
133079.40 
105534.00 
83694.20 

66373.00 
52634.00 
41742.00 
33102.00 
26250.50 

20816.00 
16509.00 
13094.00 
10381.00 
8234.00 

6529.90 
5178.40 
4106.80 
3256.70 
2582.90 

2048.20 
1624.30 
1288.10 
1021.50 
810.10 

642.70 
509.45 
404.01 
320.40 
254.01 

201.50 
159.79 
126.72 
100.50 
79.71 

63.20 
50.13 
39.74 
31.52 

166190. 
131790. 
104520. 
82886. 
65733. 

52130. 
41339. 
32784. 
25998. 
20617. 

16349. 
12966. 
10284. 
8153.2 
6467.0 

5128.6 
4067.1 
3146.9 
2557.8 
2028.6 

1608.6 
1275.7 
1011.66 
802.28 
636.25 

504.78 
400.12 
317.31 
251.64 
199.50 

158.26 
125.50 
99.526 
78.933 
62.604 

49.637 
39.372 
31.212 
24.756 

Pounds per 
1000 Feet 
Aluminum 

195. 
154. 
122. 
97.1 
77.0 

61.1 
48.4 
38.4 
30.4 
24.2 

19.2 
15.2 
12.1 
9.55 
7.57 

6.00 
4.76 
3.78 
2.99 
2.38 

1.88 
1.495 
1.185 
.940 
.745 

.590 

.469 

.372 

.294 

.234 

.185 

.147 

.117 

.0924 

.0733 

.0582 

.0461 

.0365 

.0290 

Pounds per 
1000 Feet 
Copper 

Feet per 
Pound 

Aluminum 

Feet per 
Pound 
Copper 

641. 
509. 
403. 
320. 
253. 

202. 
159. 
126. 
100. 
79. 

63. 
50. 
39. 
32. 
25. 

20. 
15.7 
12.4 
9.8 
7.9 

6.2 
4.9 
3.9 
3.1 
2.5 

1.9 
1.5 
1.2 
.97 
.77 

.61 

.48 

.39 

.31 

.24 

.19 

.15 

.12 

.095 

5.120 
6.490 
8.200 
10.30 
12.98 

16.35 
20.66 
26.04 
32.90 
41.30 

52.10 
65.70 
82.60 
104.8 
132.2 

166.7 
210.0 
264.5 
334.4 
420.2 

531.9 
668.8 
843.0 
1063. 
1343. 

1695. 
2132. 
2688. 
3402. 
4273. 

5405. 
6802. 
8540. 
10808. 
13643. 

17182. 
21692. 
27397. 
34483. 

1.560 
1.965 
2.480 
3.125 
3.950 

4.950 
6.290 
7.930 
10.00 
12.65 

15.88 
20.00 
25.06 
31.25 
40.00 

50.00 
63.70 
80.64 
102.1 
126.6 

161.3 
208.3 
256.4 
322.6 
400.0 

526.3 
666.5 
813.0 
1031. 
1298. 

1640. 
2083. 
2564. 
3226. 
4167. 

5263. 
6670. 
8333. 
10526. 
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SYMBOLS USED IN WIRING DIAGRAMS 
NAME OF PART SYMBOLS PICTURES 

WIRES CROSSING 

(Not Connected) 

WIRES JOINED OR 

CONNECTED 

f i 1 

Q 

t 
la 

r \ 
SWITCHES 

Open Circuit Closed Circuit 

o .. .0 

F . . 
Double Circuit Double Throw 

, 

LAMPS 
--© 

—10 (C@IID ( 

CELLS 9 
One, of any type 

1 n 
BATTERY - °\o 
Two or more cells I 1 I I r- 1111 

-- 
ni) 

TRANSFORMERS 

With iron cores With two untapped windings 

t l  
0 0 0 

Tapped Three 
winding windings 

RESISTOR, FIXED _fiffU-L •-/VV\i-e o 
Old New 

RESISTOR, ADJUST-

ABLE OR VARIABLE 

RHEOSTATS 
S -- ./\/—  

I--

•Ce  

Old 
000 

New 
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SYMBOLS USED IN WIRING DIAGRAMS 

NAME OF PART SYMBOLS PICTURES 

METERS 

Ammeter 

„A V —, 

Voltmeter Wattmeter 

w 
ti o isi!il ,11 11 

HI 
0 GD 

I.11u 

DIRECT-CURRENT 
MACHINES 

M 

Generator Motor 

.,0  ) 
a-- 

- _ 

ALTERNATING-
CURRENT 

MACHINES 
M 

Alternator Motor 

0 

FIXED CAPACITOR 
OR CONDENSER -11-- 

o 
0 

fl 11  

fi  ll 
.--) 1- 

Old New 

VARIABLE OR 

ADJUST ABLE 

CAPACITOR OR 

CONDENSER (% 

---7)--r— / 

Old New 

INDUCTOR, REACTOR 
OR CHOKE COIL 

u 
C 

77 7)--9 

Air Core Iron Core 

GROUND 

CONNECTION 

SIGNALS 

o 
o 

WÎPW 
I 

Bell Buzzer Annunciator 
o o 0 o 

Í 

RELAY 

0 0 

Cc'l 
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ELECTRICAL DIAGRAMS-WHAT THEY MEAN AND HOW 

TO READ AND USE THEM 
THE EASY WAY TO LEARN 

The language of electricity is written in electrical 
diagrams, and the best and quickest way to learn 
how to read and draw electrical diagrams is to start 
right in reading the kind of diagrams used by men 
in the electrical industry. 

Instead of first trying to memorize all the little 
separate rules and methods that engineers use in 
making diagrams, then trying to fit these things 
together later on, it is far better to commence 
studying complete practical diagrams right in the 
beginning. Nothing could be better adapted to such 
study than the diagrams in this book, for they not 
only represent actual electrical practice, but they 
have been proved through constant use by hundreds 
of electrical men working and learning in the Coyne 
School shops. 

SYMBOLS AND PICTURES 

Electrical diagrams show wires and other con-
nections between separate electrical devices, such 
as a lamp and a switch, or may show the connec-
tions inside some electrical device, such as those 
inside a motor. The wires are easily shown by 
simple lines on the diagram, but it is not always so 
easy to show the connected devices, such as lamps, 
switches and motors. These devices might be 
shown with pictures, but there is a better and 
simpler way. 
The reading of all electrical diagrams is made 

relatively easy by using symbols instead of pictures 
to represent electrical parts. A symbol is a sort of 
simplified picture, a kind of sign writing. The dif-
ference between symbols and pictures is shown on 
the t\‘0 pages at the beginning of the present section. 
\\ here many common electrical devices are shown 
both way. 

A picture can show the external appearance of 
only one particular make or model of an electrical 
part, and in nearly every case fails to show how 
the part behaves electrically. Consider the pictures 
of switches shown on one of the pages of symbols. 
Except for the knife switches, where the working 
parts are exposed, any of these switch pictures 
might represent almost any type of switch—open 
circuit, closed circuit, double circuit or double 
throw. But the symbols for the switches indicate 
quite clearly how the switches work electrically, 
how they are supposed to open and close electrical 
circuits. The same differences between symbols 
and pictures show up with adjustable resistors and 
with other devices having moving parts. 

SYMBOLS 

For quite a few electrical parts we have a choice 
of two or more symbols which mean the same 
thing. For instance, wires that cross without being 

connected may be shown in any of three ways. 
Some engineers and draftsmen use one method, 
while others use a different one—it's just a matter 
of personal choice. 
Other examples of different symbols for the 

same thing occur with cells and with batteries. The 
shorter lines may be of the same thickness as the 
longer lines, or the shorter ones may be much 
heavier. Transformers may be shown with zig-zag 
lines or with loops, resistors may be drawn to look 
like a dovetail joint or to look like saw teeth. The 
meaning of a symbol is not altered by the style 
used, any more than the meaning of words is 
altered by writing them sometimes slanting, some-
times vertical, and sometimes backhand. 
The man who makes the diagram may specify, 

usually by a note on the diagram, that certain 
styles of symbols have special meanings on that 
one diagram. For example, it might be noted that 
resistors shown like a dovetail indicate those con-
structed with cast iron "grids," and that those 
shown by a saw-tooth line indicate those that are 
wire-wound. But these are special cases and they 
do not alter the general meanings of the symbols. 
Compared with pictures, symbols are easier to 

draw, are easier to recognize even though roughly 
or crudely drawn, and with symbols it usually is 
easier to follow current paths through the parts. 
As a consequence, practically all electrical diagrams 
make use of symbols. 

WHAT EACH SYMBOL MEANS 

Because the symbols shown on the two pages of 
symbols and pictures are used in so many electrical 
diagrams you should become well acquainted with 
the meaning of each of them. The following ex-
planations tell just what each symbol signifies. 

Wires Crossing (Not Connected): Wires which 
are not electrically connected together, but which 
must cross one another in a diagram, are shown 
by any of these symbols. The left-hand symbol 
generally is preferred, especially in engineering 
work, but the one at the right indicates the 
crossing most clearly. 

Wires Joined or Connected: Wires which are 
electrically connected together, so that current 
may flow from one to the other, are shown by 
these symbols. Note that a small black dot indi-
cates the point of joining. 

Switch, Open Circuit: This symbol may indicate 
a press-button switch or other type normally 
held open by a spring, and closed by pressing 
a button or a lever. The switch opens again 
when the button or lever is released. The circuit 
in which the switch is connected normally re-
mains open. This type may be called a normally 
open switch. 
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Switch, Closed Circuit: This is a switch normally 
held closed by a spring, and opened by pressing 
a button or operating a lever. The circuit in 
which the switch is connected normally remains 
closed. This type may be called a normally 
closed switch. 

Switch, Double Circuit: This switch has three wire 
terminals, one connected to the movable blade 
of the switch, another to the contact point with 
which the blade is held in contact by a spring. 
and the third connected to the contact which 
normally is separated from the movable blade. 
A circuit normally remains closed between the 
movable blade and one contact point, and upon 
pressing the button or lever the connection 
shifted to the other contact. This may be called 
a two-way switch. 

Switch, Double Throw: This switch will connect 
one wire or one line to either of two other wires 
or lines, depending on which direction the switch 
handle or blade is moved. 

Lamps: Either of these symbols may be used for 
any style of incandescent lamp. If some other 
style of lamp is to be indicated, such as a flu-
orescent type, a note to that effect should be 
made on the diagram, or else some special symbol 
should be used and plainly identified. 

Cells: A cell is a single unit that produces entf 
and causes current to flow in a closed circuit. 
The longer line usually indicates the positive 
terminal of the cell, although this is not an 
invariable rule. 

Battery: A battery consists of two or more cells 
which, when connected together in series as indi-
cated by the symbol, deliver more emf or more 
voltage than a single cell. While the end of the 
battery shown by the longer line usually is con-
sidered to represent the positive terminal, it is 
better practice to mark the ends with plus (±) 
and minus (—) signs for polarity. The number 
of cells shown in the battery symbol does not 
necessarily indicate the number of cells in the 
actual battery. A few long and short lines may 
indicate any number of cells. One end of the 
symbol may be a long line and the other a short 
line, both ends may be long lines (this is good 
practice), or both ends may be short lines. 

Transformers: Transformer windings may be indi-
cated either with zig-zag lines or with loops. The 
zig-zag lines are preferred in commercial and 
industrial power and light circuits, while the 
loops are generally used in radio circuits. When 
using looped lines for the windings, one or more 
straight lines between the windings indicate an 
iron core. The absence of such straight lines 
means an air core. An iron core is assumed when 
using the symbol consisting of zig-zag lines, since 
power transformers always have iron cores. 

Resistor, Fixed: A fixed resistor is one whose re-
sistance cannot be altered while the resistor is in 
a circuit and is carrying current. The left-hand 
symbol, appearing like a dovetail joint, is the one 
used for resistors in commercial and industrial 

power circuits. The saw-tooth or zig-zag line is 
used for resistors in radio circuits. Provided 
there is no danger of confusing the resistor sym-
bol with the one for transformer windings, the 
saw-tooth symbol may be used to indicate re-
sistors in any circuit. 

Resistor, Adjustable or Variable: An adjustable or 
variable resistor is one whose value in ohms, or 
whose resistance, may be altered while the re-
sistor is in use and is carrying current. An adjust-
able resistor may be called a rheostat. These 
devices are used for adjusting or varying the 
voltage and current going to some piece of elec-
trical equipment or to a circuit. 

Meters: All kinds of meters are indicated by circles 
within which are letters identifying the kind of 
meter. In addition to the symbols shown, a circle 
with an inclosed "F" would indicate a frequency 
meter, one with "WH" would indicate a watt-
hour meter, one with "MD" would indicate a 
maximum demand meter, and so on. 

Direct-current Machines: Direct-current generators 
and motors are indicated by circles which repre-
sent their commutators, and with diagonal lines 
which represent the brushes. Without a letter 
in the circle the symbol usually means a gener-
ator or dynamo, although it is common practice 
to place a "G" within the circle to prevent pos-
sible misunderstanding. The letter "M" within 
the circle indicates a motor. 

Alternating-current Machines: An alternator or 
alternating-current generator is indicated by two 
concentric circles representing the slip rings and 
by sloping lines that represent the brushes or col-
lectors. There are so many varieties of alternat-
ing-current motors that the symbol is simply a 
circle with the letter "M" inside. The general 
type of circuit, the connected wires, and other 
equipment in the circuit will help to identify 
many of these simple symbols and to avoid con-
fusion. As an example, there would be three wire 
connections running to a three-phase alternating-
current motor. 

Fixed Capacitor or Condenser: An electrostatic 
condenser is commonly called simply a condenser. 
Capacitor is the better name, because there are 
many other kinds of condensers. The left-hand 
symbol, consisting of two parallel lines, is the 
one generally used in radio work. The right-hand 
symbol, indicating the interleaved plates and 
dielectric of the capacitor, is generally used in 
commercial and industrial circuit diagrams. 

Variable or Adjustable Capacitor or Condenser: 
Either of these symbols indicates a capacitor 
whose value or whose capacitance may be altered 
or changed while the capacitor is working in a 
live circuit. Both of these symbols originated in 
radio work, since it is only in this and similar 
fields that adjustable capacitors are generally 
used. 

Inductor, Reactor or Choke Coil: Any coil or wind-
ing which possesses considerable self-inductance 
and inductive reactance may be shown by these 
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symbols. The looped lines are the standard sym-
bols for inductors or coils both in power diagrams 
and in radio diagrams. 

Ground Connection: A ground connection is a con-
nection either to a conductor that leads into the 
earth, or to the metallic framework and supports 
that carry electrical equipment. Two or more 
ground connections shown by symbols in the 
same diagram are assumed to be for the same 
ground, so that there is a continuous conductive 
path between the grounds shown on the diagram. 

Signals.: The symbols for bells, buzzers and an-
nunciators are among those most commonly 
found in wiring diagrams. Other signal symbols 
will be shown on later sheets of symbols. 

Relay: A relay is a switch whose contacts are oper-
ated by an electromagnet in which flows current 
that controls the relay. The contacts are in the 
same or a separate circuit. Relays often are 
shown by an outline having the shape of the part 
to which wire connections are made, and on 
which the relative positions of terminals are 
clearly shown. 

KINDS OF ELECTRICAL DIAGRAMS 

Before commencing the actual reading of elec-
trical diagrams you should understand that different 
kinds of diagrams are intended for different pur-
poses. Some diagrams are especially helpful when 
you are installing and wiring electrical apparatus, 
while others are arranged to help you locate and 
remedy circuit troubles. Some diagrams show only 
the external wires and connections between exposed 
terminals of electrical parts, others show the con-
nections inside the parts. 

CIRCUIT DIAGRAMS OR 
SCHEMATIC DIAGRAMS 

I: tinning all acro› , the following immedi-
ately below the large wiring diagram for the elec-
tric range, are two smaller diagrams. One is 
marked "Circuit for Cooking Unit," the other "Cir-
cuit for Oven Unit." These are not wiring diagrams, 
because the heater elements, switches and connec-
tions are not in the relative positions that they 
actually occupy on the range. But, on these circuit 
diagrams, it is easy to trace the paths for electric 
current all the way from the three main wires 
marked L, N and L through .the switches and 
through the resistors which are heating elements, 
and back to the main wires. This style of diagram 
shows the paths for current very clearly, but does 
not place the parts in their true relative positions. 
A circuit diagram, which shows electrical circuits, 
may also be called a schematic diagram, because it 
*shows the general scheme of things from the stand-
point of electrical action. 

It is plain that if you wish merely to check the 
connections of wires to the terminals of this electric 
range you will prefer to work with the large wiring 
diagram at the top of the page. But should one 
burner fail to operate and should you wish to check 
the paths through which the resistor in this burner 

gets its current, then it will help greatly to have a 
circuit diagram or schematic diagram showing just 
how the switches operate, and just which resistors 
should be carrying current for each of the several 
degrees of heat. At least it would save much time 
provided you knew how to read a circuit diagram. 
Before we get through with our studies you will 
know how to read every such diagram and will be 
able to correctly interpret its meaning. 
As a general rule the more expert and experi-

enced the electrician the more he prefers to have 
circuit diagrams or schematic diagrams, and the less 
he depends on wiring diagrams. After getting ac-
quainted with electrical apparatus in a general way, 
and when you have a particular piece of apparatus 
right in front of your eyes, it is not difficult to 
follow the wiring between exposed terminals. But 
no one can follow internal wiring without either 
taking the thing apart or having a good circuit 
diagram. With such a diagram it becomes easy 
to test for opens, high resistances, shorts and 
grounds by connecting your circuit tester to the 
exposed terminals---and to know from test indica-
tions just what is wrong inside the part on which 
you are working. 

PICTORIAL DIAGRAMS 
Sometimes a wiring diagram is a pictorial dia-

gram, meaning that it consists of pictures showing 
the external appearance of the parts and of the 
wiring connections between them. On page 64. in 
the lower left-hand corner, the range installation 
diagram is a pictorial diagram. This diagram shows 
pictures of how conduit (pipe for enclosing wires) 
and armored cable (flexible metal covering for 
wires) are to be run between the electric range, 
the meter box, the switch box, the ground connec-
tion, and the outdoor service connection for the 
wires of the electric power company. 
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ro LAPAP 

WARMER sWrrcw 

LIME 

TERMMAL 
DLO( K 

OFF 

N   

ELECTRIC RANGE  CIRCUITS AND INSTALLATION 

OV 

SWITCH 

LOWER 
OVEN 

RES. IN 

R OWNX7 'BAKE' 

UPPER 
01f E N 

MEDIUM LOW 

vvvvvvv•-• vvvvvvve 
CI RCUIT FOR COORues UNIT 

3 WIRE * 

ARMORED CAGLE 

3 446 R c AIRE 

IN 1- cottourr 

SWITCHES 

FUSE 

COLOR 
E D  

want  

»LACK 

SEMEIOL 

OF r PIRR-H EAT BAKE BROIL 

—A/N/NAA/NA-- —A/NAN/NA/,— /AAA/NAM-
ciftEuir row OVEN UNIT, 

115 E HEATER UPPER 'crdEN UNIT 

230 E NEATER LoettR OVEN UNIT 

CONNECTI ON BOX ON RANGE 

ALLOY« SurricI ENT SLACK SO 

RANGE Can et Ham» 6" 
FROM WALL. 

CX LST I NG LIGHT INS 

CiRCUR SWITCH 

* wirms IN ± 
1 -ete Wee IN 

RISI 0 CONDUIT 11410 CONDUIT  SERVICE SWITCH 

APPROVED GEM» a.m. WITH METER 
TRIM - 410r- 250e 

 o WITH Sou D MUTE& 

Corr« 
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FUNDAMENTAL ELECTRICAL SYMBOLS 

TERMINAL 
OR 

STUO 
RHEOSTAT FUSE 

INSTRUMENT 
OR RELAY 
SHUNT 

o R S31   4711- 

INDUCTOR, REACTOR. REACTOR, COIL 
(MAGNETIC CORE) 

FIXED ADJUSTABLE TAPPED 

AIR 
CIRCUIT 
BREAKER 

THERMAL THERMAL 

ELEMENT 

BLOWOUT 

COIL 

SERIES t SHUNT 
OPERATING 

COIL 

. 
Oi 

--- -er-0-

PARTS OF D.C. MACHINES 

ARMATURE COMMUTATING 
HELD 

SERIES 
FIELD 

SHUNT 
FIELD 

RESISTORS 

(RESISTORS (RESISTORS TO BE MARKED TO SUIT CONDITIONS) 

FIXED ADJUSTABLE TAPPED VARIABLE 

-{771- 
t 

fies Res R . 

INDUCTOR, REACTOR. COIL, 
(NON-MAGNETIC CORE.) 

FIXED ADJUSTABLE TAPPED 

-rairo-r- -ruisr-'d  cse 0 0 \-- 

MECHANICAL 

INTERLOCK 

MECHANICAL CONNECTION 

OUT LIN E WITH FULCRUM 

CAPACITOR 
FIXED 

DRY OR ELECTROLYTIC 
RECTIFIER 

GROUND 

HALF WAVE FULL WAVE 

(z44+ 

A C 

-e -1 

A C. 

1 

CONTACTS PUSH BUTTONS 

NORMALLY 
OPEN 

NORMALLY 
CLOSED 

NORMALLY 
OPEN 

NORMALLY 
CLOSED 

H F-- --I\f— 
_L_ 
o o o_l_a 

CONDUCTOR 
CONDUCTOR 
CROSSING 

CONDUCTOR 
CONNECTIONS 

1 1  

KNIFE SWITCHES DISCONNECT 
DEVICE 

(COUPLING OR 
PLUG TYPE 
CONTACTS) 

1 POLE 
SINGLE THROW 

3 POLE 
DOUBLE THROW 

0 /- Pi -9ci  

goi 46 

0 _0/ _Oci 

000 

1 

i 

TRANSFORMERS 

SINGLE 
PHASE 

TWO WINDING 
CURRENT 

AUTO 
TRANS. 

TAPPED 

W 
(W I 11— 

• 

A9) 

LAMM) 
rn 

ALTERNATING AND DIRECT CURRENT MOTORS AND GENERATORS 

D. C. SHUNT MOTOR 
OR GENERATOR 

D. C. MOTOR OR 
GENERATOR WITH 
SERIES SHUNT 

AND COMMUTATING 
WINDINGS 

D. C. SERIES 
MOTOR 

SQUIRREL CAGE 
INDUCTION MOTOR 
OR GENERATOR 

WOUND ROTOR 
INDUCTION MOTOR 

SYNCHRONOUS MOTOR 
OR GENERATOR 

---0 -- 

C: 

à 

OIL CIRCUIT BREAKERS 

SINGLE THROW DOUBLE THROW 

MULTI POSITION SWITCH 

Rev. Fwd. 

4 3 2 1 Off 1 2 3 4 

X 

X X 

X X 

X X 

X X 

X'X 
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SYMBOLS COMMONLY USED FOR ONE LINE WIRING DIAGRAMS 

Cs— 

Squirrel Cage Motor 

Synchronous Motor 

3-Phase -Wye" Connection 

3-Phase "Delta" Connection 

Wound Rotor Induction Motor 

D-C. Motor 

Shunt Field 

Series Field 

1-Phase Power Transformer 

ANUA A 3-Phase Power Transformer, Connected 
wyvv e "Delta-Delta" 

Ak« vyv vsr Vri 
3—Single Phase Transf. in 3-Ph. 
Bank, Grounded Neutral 

Potential Transformer 

— 7491\— ' Current Transformer 

Oil Circuit Breaker, Automatic, Single Throw 

Oil Circuit Breaker, Non-Automatic 

Oil Circuit Breaker, Double Throw 

--(0»-- Oil Circuit Breaker, Truck Type 

Air Circuit Breaker, Automatic 

Air Circuit Breaker, Non-Automatic 

Air Circuit Breaker, Motor Operated 

Air Circuit Breaker, Solenoid Operated 

Disconnecting Switch, Single Throw 

Disconnecting Switch, Gang Operated 

Disc. Sw., Single Blade, Double Throw 

Automatic Throw-Over 

Disconnecting Fuse 

Reactor 

Resistor 

Static Condenser 

Valve Type Lightning Arrester 

Rheostat, Hand Operated 

—{9}— Rheostat, Motor Operated 

Shunt 

Fuse 

Oil Fuse 

Battery 

Rectifier 

Ground 

Pothead, Non-Disconnecting 

Magnetic Contactor 

Ammeter with Current Transformer 

Ammeter (A), Voltmeter (V), Power Factor 
Meter (P.F.), etc. with Current and Potential 
Transformers 

Ammeter (A), Voltmeter (V), Wattmeter (W), 
etc. with Transformers, Overcurrent and Under. 
voltage Relays 

Auto-Transformer Motor Starter 

ANACONDA WIRE AND CABLE COMPANY 
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STODDARD LME DIAGRAM SYMBOLS 
CONTACTORS KNIFE AIR CIRCUIT FUSE 

MAIN CI RCU IT CONTACTS 
AUXILIARY 

SWITCHES BREAKERS 
(powrot 

INSTANT. CLOSING DELAYED CLOSING CIRCUIT 
MICH-

SINGLE POLE SINGLE POLE OR 
WITH DLOWOUT WITHOUT BLOWOUT (DASH POT TYPE) CONTACTS 

ANICAL 

INTER - 

N.O. N.C. N.O. N.C. WITH 

BLOWOUT 

WITHOUT 

BLOWOUT 
N.O. N.C. LOCK 

—0.e....."0— 

MULTI POLE 

—c....7 .-'0— 

NUIT POLE 

CONTROL 

CIRCUIT) 

_. _l_ 
1J 1 I 1 1 1 I 

I 
I 

-0 -4 0--

TT "q---   _. ._ -47TI- (:) 
t 
1 
I 

—o 

—0 0— 

PUSH BUTTONS LIMIT SWITCHES 

S INGL E DOU BL E MAIN- THREE N.O. N.C. 

CIRCUIT C I RC 0 I T TAINEO POINT INITIALLY- INITIALLY-

N. O. N.C. N.O. N.C. CONTACT N.O. 
OPEN CLOSED OPEN CLOSED 

— 0 0- - 8.1..g-  -0 °- —Q-
o o 

—0yo-'16" 

-0-ta115--

GIII-G 
—::0— —o,tzrie--- —oleo— —acre-

OVERLOAD RELAY CONTACTS TIMING RELAY CONTACTS 
MAINTAINED 

CONTACT 

SWITCHES 

TER-

MINALS 
ON 

TER-
MINAL 

BLOCKS 

MAGNETI C DASHPOT OR PNEUMATIC 
THERMAL 

DASH POT 
(DELAYED TRIP) 

INSTANT. 

TRIP 

ACTION RETARDED WHEN COI L IS - 

ENE RGIZED DE ENERGIZED SINGLE 

THROW 

DOU BLE 

THROW 
I 

N C. NO. N C . N.O. N.C. N.O. N.C. 

-.3%06- -0 0- 

T 
-eir- -0 0- 

T 
-T.- -0 0- 

T 
-43115- 

1 C.- 

--O 

-1- 
-0 0- 

7 
-75- -0....0- 

0-
0. 

0-

MISCELLANEOUS 

PLUG SEPAR- 
LIGHTS 

PRESSURE BATTERY 
(x cHo 

SPEED) 

ABLE 

CON" 
HECTOR 

TEST 

JACK 
METER 

SIGNAL 

R 

FLOAT 

SWITCH 
OR VACUUM 
SWITCH 

(STORAGE 
OR 

CON- 
DENSER 

BELL 

SWITCH 
N.O. N.C. N O. N.C. 

PRIMARY) 

DENOTE COLOR 
DV LETTER 

 O 0- Ha -0 _,,,,,„0_ v,.... 
IN 

0- 7 ._ __\e,_ 
AM — 0 — 

3 *Hs_ 

COI LS 
1748 - C3 

CONTACTOR - RELAY MISCELLANEOUS 

SHUNT SERIES 
TRANSFORMERS RESISTORS METER THERMAL SOLENOID REACTOR 

AUTO. POTENTIAL CURRENT FIXED TAPPED RHEOSTAT "UHT 

SECONDARY 

- VV\Ar 
-{ RES. f- -I KEs.}- <I —/ -- 

\/ II 

(DENOTE PURPOSE) 

SQUARE D COMPANY 
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STAMM) LIRE DIAGRAM SYMBOLS 
H 

L 51 

HS 

82 

A 

Ci 

SELECTOR SWITCH AND ACCOMPANYING TARGET TABLE  

D 

C2 

X - INDICATES 

CONTACTS 

CLOSED 

DOUBLE CIRCUIT UNITS 

FUNCTION A BI B2 CI C2 D 

OFF X 

HIGH X X X X 

LOW X X X 

TORQUE X x 

TI MER 

CLUTCH SOL. 

2 
O  

ARRANGEMENT 1 

NO 1 

TIMER 

CLUTCH SOL. 

MICROFLEX TIMER 

WITH EACH TIMER INDICATE 

EAGLE SIGNAL ARRANGEMENT 

NUMBER AND SHOW THE TARGET 

TABLE FOR THAT ARRANGEMENT: 

CONTACT 

SEQUENCE I T 1 2 

POWER OFF X 

P Et CLOSED X X X 

TIMING X X 

TIMED OUT X 

ILfl 

G. E. T I M ER 
(CR 2820-1099) 

INDICATE ON OR WITH 

T4 T3 LINE DIAGRAM THE 

CORRECT TARGET TABLE, 

FOR EXAMPLE : 

CONTACT 

SEQUENCE Ti T2 T3 T4 I R 

POWER OFF X X X 

P 8 CLOSED X X X XX 

TIMING X X X 
-. 

X 

TI MED OUT X X X 

RESET X X 

A.C. 

INPUT 

FULL WAVE RECTIFIER  

CRI 
MECHANICALLY HELD CONTACTORS  

EACH INITIALLY CLOSED 

CR I CONTACT SHOWN THUS 

- OH11L 
1 EACH INITIALLY OPEN 

CONTACT SHOWN THUS 

THIS RELAY IS SHOWN IN 

THE POSITION OBTAINED 

BY ENERGIZING COIL 

C R I (U) LAST. 

1748-C8 

SQUARE D COMPANY 
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LOOP 
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olDINNAt.• 

CONT 

UNA 

ACTS 

PM 

OCT 

.MKPMANI. Soo.« cot 
«eut...1 

Ter P.a., Jet., •te 

4-
4— 

t., IMenanIcal Count,. 8.-
Cont•ct• on 
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...• INTO.? 
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OFOURD ROTOR INDUCTION 
MOTOR OK GENERATE'''. 

NETWORK 

«NMI. LAMPS 
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American Standard 

Rotation, Connections and Terminal 
Markings for Electrical Apparatus 

1.0 Electric Power Apparatus 

1.1 GENERAL 

1.105 General Purpose 
The purpose of applying markings to the ter-

minals of electric power apparatus according to 
a standard is to aid in making up connections to 
other parts of the electric power system and to 
avoid improper connections which may result in 
unsatisfactory operation or damage. 

1.110 Precautions 
Though this system of terminal markings with 

letters and subscript numerals gives information 
facilitating the connecting of electric power ap-
paratus, there is the possibility of finding ter-
minals marked without system or according to 
some system other than standard. There is a 
further possibility that the internal connections 
may have been changed or that errors may have 
escaped detection. It is advisable, therefore, be-
fore connecting motors, generators, transformers, 
etc., to power supply systems, to make thg usual 
check tests for phase rotation, phase relation, 
polarity, and equality of voltage. 

1.115 Location of Markings 
The markings are placed on or directly ad-

jacent to terminals to which connections must 
be made from outside circuits or from auxiliary 
devices which must be disconnected for shipment. 
They are not intended to be used for internal 
machine connections. 
NOTE—While certain locations of markings on a machine have 
advantages, and certain terminal groupings simplify or unify the 
making of connection., a different set of considerations from 
those cm. cred by this project determines the preferred locations. 

1.120 Markings 
The markings consist of a capital letter of 

the alphabet followed by a subscript numeral 
(Arabic). 

1.125 Significance of the Terminal Letter 

The letter indicates the character or function 
of the winding which is brought to the terminal. 
1.510 gives the terminal letters assigned to the 
different types of windings and their functions. 

1.130 Significance of the Subscript 
Numeral 

1. SUBSCRIPT 0 (ZEtto) 

A terminal letter followed by the subscript 
numeral 0 designates a neutral connection. 

*2. SUBSCRIPT NUMERALS ON TERMINALS 
OF ALL A-c M ACHINES EXCEPT Pois-
PHASE INDUCTION M OTORS 

(a) The subscript numerals 1, 2, 3, etc., 
indicate the order in which the voltages at the 
terminals reach their maximum positive values 
(phase sequence) with clockwise shaft rotation 
when facing the connection end of the coil wind-
ings; hence for counter-clockwise shaft rotation 
(not standard) when facing the same end, the 
phase sequence will be 1, 3, 2. 

(b) In a synchronous converter, the sequence 
of the subscript numerals 1, 2, 3, 4, 5, and 6 
applied to the collector ring terminals M I, M 2, 
M 3, M 4, M 5, and M o indicates that when the 
transformer leads on which phase sequence is 
1, 2, 3, 4, 5, and 6 are connected to correspond-
ingly numbered collector ring terminals on which 
the phase sequence is 1, 2, 3, 4, 5, and 6, the 
shaft rotation of the converter will be clockwise 
when viewed from the direct-current or commu-
tator end. 

*Terminal markings for polyphase induction motors will be determinvu 
by the rules under heading 3.7 Polyphase Induction Motors. 
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3. SUBSCRIPT NUM ERALS ON TERMINALS OF 
D-c M ACHINES AND CONVERTERS 

(a) The markings on the terminals of a 
d-c machine will indicate the relation of circuits 
within the machine. All subscript numerals must 
be determined on the following fundamental 
basis which is advanced for the single purpose 
of selecting uniform subscript numbers: 

The subscript numerals of all the terminals of 
d-c machines shall be selected so that with cur-
rent direction in any single excitation winding 
from a lower to a higher subscript numeral, the 
voltage generated (counter emf in a motor) in 
the armature from this excitation shall, for 
counter-clockwise rotation, make armature ter-
minal A1 positive and A2 negative. 
NOTE—Machines with terminals numbered in accordance with the 
above standard can be connected as shown in diagrams in 3.105 
and 3.110 for d-c generators, and in 3.205, 3.210 and 3.215 for d-c 
motors. The connections shown are for accumulative series fields. 
For differential connection of the series fields no change should 
be made on the field leads or terminal markings on the machine, 
but she connection of the series field to the armature should be 
shown reversed. The polarities shown on the generator diagrams. 
while preferred, are not standardised, and when convenience, sound 
engineering or 'sound economics so dictates, it is permissible to 
reverse the polarities of all terminals, thereby maintaining standard 
rotation. Polarity markings may be shown on motor diagrams, at 
the discretion of the manufacturer. 

(b) In accordance with the fundamental 
basis, a standard rotation d-c motor or generator 
(as defined in Section 1.3, Rotor Rotation and 
Phase Sequence), with a single field winding will 
have current flow in both armature and field 
circuits in the same direction with respect to the 
subscript numeral sequence. Any other accumula-
tive field winding will have current flow with 
respect to its numeral sequence in the same direc-
tion as the current in the main field winding. 
Any differential field winding will have current 
direction with respect to its subscript numeral 
sequence in the opposite direction to the current 
flow in the main field. 

4. SUBSCRIPT NUMERALS ON TERMINALS 
OF TRANSFORMERS 

(a) On single-phase transformers the sub-
script numerals indicate the polarity relation 
between terminals of the H winding and the 
other windings. Thus, during that part of the 
alternating-current cycle when H winding ter-
minal H1 is positive (+) with respect to H2 

then during the same part of the cycle the X 
winding terminal X1 is positive with respect to 
X2. The idea is further carried out in single-
phase transformers having tapped windings, by 
so applying to the taps the subscript numerals 
1, 2, 3, 4, 5, etc., that the potential gradient 
follows the sequence of the subscript numerals. 
NOTE—When one w holing of a I rand,, nier recei, es energy over 
the connecting leads, and another winding delivers energy to its 
connected circuit, the relation of current flow in the windings is 
reversed with respect to the polarity of the ‘oltage at the terminals. 
Therefore, it is important to take note of the difference between 
the practice in applying subscript numerals to direct-current genera-
tors and motors where the subscript numerals are assigned according 
to direction of current flow, and to the rase of single•phase trans-
formers. where subscript numerals are assigned according to tha 
terminal voltage. 

(b) In the case of polyphase transformers, 
the terminal subscript numerals are so applied 
that if the phase sequence of voltage is in the 
time order HI, H2, H3, etc., on the H winding 
terminals, it is in the time order X1, X2, X3, etc., 
on the X winding terminals, and also in the time 
order Y1, Yo, Y3, etc., on the third winding 
terminals, etc. 
NOTE—Terminal markings of polyphase transformers afford informa• 
lion on how phase rotation is carried through the transformer. 
but do not disclose completely the phase relations between eor• 
respondingly numbered terminals. Consequently, additional informa-
tion on internal connections is required before polyphase trans• 
formen can be safely paralleled. 

1.140 Definition of Phase Sequence 

Phase sequence is the order in which the volt-
ages successively reach their maximum positive 
values between terminals. 

1.150 Direction of Rotation of Vectors 

Vector diagrams should be drawn so that 
advance in phase of one vector with respect to 
another is in the counter-clockwise direction. See 
Fig. I in which vector 1 is 120 degrees in advance 
of vector 2 and the phase sequence is 1, 2, 3. 
(See 1.140.) 

3 2 

Fig. I. 

1.3 ROTOR ROTATION AND PHASE SEQUENCE 

1.305 Direction of Rotation 

1. (a) Standard direction of rotation for a-c 
generators is clockwise when facing the end of 
the machine opposite the drive. 

(b) Standard direction of rotation for all 

a-c single-phase, all synchronous motors, and all 
universal motors shall be counter-clockwise when 
facing the end of the machine opposite the drive. 

2. (a) The standard direction of rotation for 
d-c generators is clockwise when facing the end 
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of the machine opposite the drive (usually the 
commutator end). 

(b) The standard direction of rotation 
for d-c motors is counter-clockwise when facing 
the end opposite the drive (usually the commu-
tator end). 

3. Unless otherwise specified, standard ma-
chines will be connected for standard direction 
of shaft rotation. 
NOTE I—Any d-c machine can be used either as a generator or 
as a motor if the field design is suitable (consult manufacturer 
regarding this). For desired direction of rotation, connection changes 
may be necessary. The conventions for current flow in combination 
with the •tandardisation of opposite directions of rotation for d.c 
generators and d.c motors work out no that any cl -c machine can 
be called "generator" or "motor" without change in terminal 
markings. 

NOTE 11—Motor-generator lets consist of two or more machine. 
(•.c or d.c or both) coupled together mechanically. When two 
machines only are coupled together at their drive ends. standard 
rotations of both machines as given in paragraphs 1(a) and (b) 
and 2(•) and (b) will apply to the motor-generator set without 
change in standard connections. When two or more machines are 
coupled together not at their drive ends, standard rotations as 
given in paragraphs 1(a) and (b) and 2(a) and (b) will not apply 
to all machines in the act. Hence, changes in standard connec-
tions will be necessary on the off-standard rotation machines. For 
this realion, it is recommended that on all motor-generator sets 
the correct direction of rotation be clearly indicated on the set 
itself. 

NOTE III—This rule does not apply to two-phase and three-phase 
induction motors aa most applications on which they are used are 
of such a nature that either or both directions of shaft rotation 
may be required, and the plume sequence of the power lines is 
rarely known. 

1.310 Phase Sequence 
The order of numerals on terminal leads does 

not necessarily indicate the phase sequence, but 
the phase sequence is determined by the direction 
of shaft rotation relative to the connection end 
of the coil winding. (See 1.130.) 

1.320 Reversal of Rotation, Polarity, and 
Phase Sequence 

1. Alternating-current generators driven coun-
ter-clockwise when facing the coliiiection end of 
the coil windings will generate without change 
in connections, but the terminal phase sequence 
will be 1, 3, 2. 

2. Synchronous condensers and synchronous 
motors may be operated with counter-clockwise 
shaft rotation viewed from the connection end of 
the coil windings by connecting them to leads in 
which the phase sequence is 1, 2, 3, in the 
following manner: 

Power Leads 1, 2, 3 
Machine Terminals   1, 3, 2 

3. Direct-current generators, with connections 
properly made up for standard shaft -rotation 
(clockwise), will not function if driven counter-
clockwise as any small current delivered by the 
armature tends to demagnetize the fields and 
thus prevent the armature from delivering cur-
rent. If the conditions call for reversed shaft 
rotation, connections should be made up with 

either the armature leads transposed or the field 
leads transposed. 

4. The polarity of a direct-current generator, 
with accompanying direction of current flow in 
the several windings, is determined by the "N" 
and "S" polarity of the residual magnetism. An 
accident or special manipulation may reverse this 
magnetic polarity. Though the generator itself 
will function as well with either polarity, an un-
foreseen change may cause disturbance or damage 
when the generator is connected to other genera-
tors or devices. 

5. The direction of shaft rotation of d-c 
motors depends on the relative polarities of the 
field and armature and, therefore, if the polarities 
of both are reversed, the direction of rotation 
will be unchanged. Since the field excitation of 
motors is obtained from an external source, 
residual magnetism has no practical effect on 
polarity. 

6. Reversal of the shaft rotation of a direct-
current motor is obtained by a transposition of 
the two armature leads, or by a transposition of 
the field leads. With such reversed shaft rota-
tion (clockwise), when the polarity of supply 
makes the direction of the current in the arma-
ture from terminal 2 to terminal 1, it will be 
flowing in the field windings from terminal 1 to 
terminal 2 and vice versa. 

7. With synchronous converters, the practice 
of alternating-current starting eliminates residual 
magnetism as the factor determining the direct-
current polarity. Proper polarity for connection 
to other apparatus is, therefore, secured either by 
separate excitation of the field, or by special ma-
nipulation of a switch which permits the con-
verter to reverse its direct-current polarity, thus 
correcting a start with wrong polarity. 

8. Synchronous converter shaft rotation, when 
viewed from the commutator end, may be 
changed to a counter-clockwise direction by re-
versing the "shunt" and "series" fields and the 
phase sequence of the applied alternating voltages. 
NOTE I—Consideration must be given to the effect on the direct' 
current brush gear of a change in direction of .haft rotation. This 
gear is usually suitable for one direction of shaft rotation only. 

NOTE II—The reversal of the phase sequence of the voltages applied 
to the converter by the X winding of a three-phase to six•phme 
transformer may be accomplished by either of two methods: 

(1) Connect H winding leads as follows: 
Power leads   ...I, 2, 3 
Transformer H winding lead.  .3, 2. 1 
and connect transformer X winding leads as follows: 
Transformer X winding leads 1, 2, 3. 4, 5. 6 
Converter rings   Mt, Mn. Ma. Ma, Ma. Ma 

(2) Connect transformer H winding leads to systems in which 
phase sequence is 1, 2, 3. at follows: 
Line  I, 2. 3 
Transformer H winding leads  1. 2, 3 
and connect transformer X winding leads as follows: 
Transformer X winding leads 2. 3. 4. 5. 6, 1 
Converter ring.  Me, Ma, Ma. Ml. Ms. Mt 
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1.5 CONNECTION DIAGRAMS 

1.505 Application of Terminal Markings 

1. To illustrate further the application of the 
terminal markings with letters and subscript 
numerals adopted as standard for electric power 
apparatus, and described herein, there follow 
illustrations of the application of these markings 
to a selection of the most common cases of: 

(a) D-c generators. (See 3.105-3.115.) 
(b) D-c motors. (See 3.205-3.215.) 
(c) A-c generators and synchronous motors. 

(See 3.305.) 
(d) Single-phase motors. (See 3.505-3.510.) 
(e) Polyphase induction motors. (See 3.705-

3.745.) 
(f) Synchronous converters. (See 3.905-

3.915. ) 
(g) Constant potential transformers. (See 

5.105-5.950. ) 
(h) Feeder voltage regulators. (See 6.105-

6.110. ) 
(i) Industrial control. (See 7.105-7.110.) 
( j ) Instrument transformers. (See 8.110-

8.130. ) 
(k) Reactors. (See 9.110.) 
(1) Attachment plugs. (See Sec. 15.) 

2. By following the standard conventions and 
illustrations, diagrams can be easily derived for 
further cases. 

3. Terminal letters assigned to different types 
of windings and their functions are given in 
1.510. 

1.510 Terminal Letters Assigned 

These markings are used only for terminals 
to which connection must be made from outside 
circuits or from auxiliary devices which must be 
disconnected for shipment. They are not intended 
to be used for internal machine connections. 
The approved methods of applying these 

markings to various types of apparatus and con-
trol are shown in the following sections, and the 
significance of the sabscript numerals is given 
in 1.130. 

ROTATING APPARATUS AND CONTROL 
(EXCLUSIVE OF RAILWAY M OTORS) 

Booster Field   BF', BF2 
Brake   B1, B2, B3, etc. 
Brush on Commutator 

(Armature)   A1, A2, Ag, etc. 

*Brush on Collector Ring 
(Except d-c field) 

Capacitor   
Dynamic Braking Resistor 
Field (Commutating) 
Field (Series)   
Field (Shunt)   
Line 
Resistance (Armature and 

Miscellaneous) 
Resistance (Shunt Field 

Adjusting) 
Shunt Brake Resistor 
*Stator 
Equalizing Lead   
Neutral Connection 

For alternating current only. 

M1+ M2e M3, etc. 
J1e J2+ J3+ etc. 

DR2, DR3, etc. 
Cl, C2 
Si, S2 
F1, F2 
Ly, L2, Lg, etc. 

R1, R2, Rg, etc. 

V1, V2, Vg, etc. 
BRI, BR2, BR3, etc. 
T1, T2, Ts, etc. 
(equality sign) 
Terminal letter 
with subscript 
numeral 0 

On a d-c machine, when an armature lead 
passes through the commutating, compensating, 
or series field or any combination of these fields 
before being brought out for connection to the 
externa, circuit, the terminal marking of this lead 
shall be an "A", provided all internal connections 
are permanently made and that no parallel cir-
cuit, such as an equalizer, is also brought out for 
connection to an external circuit. If parallel cir-
cuits a:e brought out, the one used as an equal-
izer should be marked with an equality sign 
=, and all other leads not used as equalizers 
shall be marked with the letter or letters desig-
nated or the winding or windings to which the 
leads are connected. 

Winding 
Identification 

Winding No. 1 
Winding No. 2 
Winding No. 3 
Winding No. 4 

TRANSFORMERS 

Lead Markings 

HI, H2, H3, etc. 
X”, X3, etc. 

Yi, Y21 Y3, etc. 
Zy, Z2, Z3, etc. 

Winding 
Designation 

H Winding 
X Winding 
Y Winding 
Z Winding 

RAILWAY M OTORS 

Armature (connected to brush holder) A 
Armature (connected to brush holder or 

to commutating pole)  AA 
Main Field  F, FF 
Field Control Lead   
Additional Field Control Lead MM 
When commutating field windings are not 

permanently connected to the armature, 
the external leads shall be marked C, CC 

Compensating field  D, DD 
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SYMBOLS FOR WIRING PLANS 

GENERAL OUTLETS 
CEILING WALL 

Outlet  0 -0 

Capped Outlet   0 -CD 

Drop Cord .   0 

Electrical Outlet—for use when con-
fused with columns, plumbing sym-
bols, etc.   ® 

Fon Outlet ® KE 

Junction Box -0 

Lamp Holder   -0 

Lamp Holder with Pull Switch OPs -0Ps 

Pull Switch  ® -0 

Outlet for Vapor Discharge Lamp ® -0 

Exit Light Outlet -40 

Clock Outlet (lighting Voltage) e) -4CD 

CONVENIENCE OUTLETS 

Duplex Convenience Outlet 

Convenience Outlet other than 
Duplex. 1= Single, 3= Triplex, etc.  01,3 

Weatherproof Convenience Outlet 

Range Outlet 

Switch and Convenience Outlet 

Radio and Convenience Outlet 

Special Purpose Outlet (describe in 
specifications) 

Floor Outlet   

WP 

Of=1 

SWITCH OUTLETS 

Single Pole Switch   

Double Pole Switch   $ 2 

Three Way Switch   $ 3 

Four Way Switch   4 

Automatic Door Switch   $ D 

Electrolier Switch   SE 

Key Operated Switch   K 

Switch and Pilot lamp   P 

Circuit breaker   ce 

Weatherproof Circuit Breaker   WCB 

Momentary Contact Switch   $ MC 

Remote Control Switch   SRC 

Weatherproof Switch   S" 

SPECIAL OUTLETS 

Any standard symbol with the ad-
dition of a subscript letter designates Q °• le•c eic 
some special variation of standard 
equipment.    0, b, c - etc. 

List the key of symbols on each 
drawing and describe in specifica- $ o,b,c -etc 
tions. 

PANELS, CIRCUITS & 

MISCELLANEOUS 

Lighting Panel 

Power Panel 

Branch 2-Wire Circuit — Ceiling or 
Wall   

Branch 2-Wire Circuit—Floor   
Indicate a greater number of wires. 

-7971- (3 wires), brbt (4 wires), etc. 

Feeders. Use heavy lines and des-
ignate by number from Feeder 
Schedule 

Underfloor Duct & Junction Box — 

Triple System. For double or sin-
gle systems eliminate one or two 
lines 

Generator   

Motor.   

Instrument   

Transformer   

Controller   MEZI 

Isolating Switch   

AUXILIARY SYSTEMS 

Push Button   

Buzzer   1=1/ 

Bell   

Annunciator   

Telephone   

Telephone Switchboard  Pi<1 

Clock (Low Voltage)   

Electric Door Opener   Ei 

Fire Alarm Bell   DO 

Fire Alarm Station 

City Fire Alarm Station   X 

Fire Alarm Central Station 

Automatic Fire Alarm Device   11 

Watchmdn's Station   EiI 

Watchman's Central Station 

Horn 

Nurse's Signal Plug   [11 

Maid's Signal Plug   111 

Radio Outlet 

Signal Central Station 

Interconnection Box   

Battery   1511111 

Auxiliary System 2-Wire Circuit — - 

For a greater number of wires des-
ignate with numerals — 12-No. 18W-

or by listing in schedule 

FA 

Sc 
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ELECTRIC SWITCHES & THEIR USES 

A single-pole switch used 
to control two lights in 
parallel. 

4-

A double-pole switch used 
to control two lights in 
series. 

7 

Electrolier switch used 
to control three separ-
ate lights from one 
place. 

1st position lamp #1 on 
2nd " #2 " 
3rd n #3 n 

4th all off. 

A single-pole switch used 
to control two lights in 
series. 

5 

A double-pole switch used 
to take the place of two 
single-pole switches giv-
ing control to two dis-
tinct circuits. 

A 3-way switch used to 
control 2 lights alter-
nately. One or the 
other will be lighted. 

A double-pole switch used 
to control two lights in 
parallel. 

6 

A selective control pro-
vided by 2 double-pole 
switches. Lights A and B 
are controlled by switch 
#1; lights B and C are 
controlled by switch #2. 

9 

A 4-way switch used to 
control one light 
only, or 2 lights in 
series. 

1st position lamp #1 on. 
2n ti " #1 and #2 on. 
3rd n " #1, #2 and #3 on. 

4th ii all off. COYNE 
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ELECTRIC SWITCHES & THEIR USES 
10 

This is the "Carthweise" 
method used to control 
lights from 2 places, 
using two 3-way switches. 
This system is not ap-
proved by the Code for 
110E systems, but may be 
used on 32E systems. 

13 

Method used to control 
one or more lights from 
three places. 
C OYNE 

11 

This circuit is the 
"Standard" method for 
two-place control using 
two 3-way switches and 
is approved by the Code 
for 110E. 

14-

This diagram shows how 
to control each light 
alternately from three 
different places.  

12 

This shows another method 
of controlling lights 
from 2 places. 

15 

Possible circuit used to 
control two lights in 
parallel from two places 
using two 4-way switches. 
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This shows 3 lights, each one 
individually controlled from 
one place, using u three-ray 
switch as a single-pole 
switch. The one single-pole 
switch is used as a master 
switch when the master switch 
is on; the other lights can-
not he turned off. 

i 8 

An additional 3-way 
switch used when it is 
desired to use a low 
wattage lamp part of 
the time. Switches B 
and C will control the 
circuit und 
will select 
high or low 
lamp. 

switch A 
either the 
wattage 

By means of 2 single-pole switches at A and B, 
it is possible to prevent turning the lights 
on or off at switches C and B. When sv,itches 
A and B are closed, the lamps cannot be turned 
off. When switch A is on and B is off, the 
lamps may be controlled from switches C and D. 

A 3-way switch and a 
4-way .sitch used to 
control lam) l with 
a single-pole switch 
as a master switch. 
Lamp #2 has separate 
control. 

.20 

When the single-pole switch is open, 
each of the 2 lights may be controll-
ed from 2 places. When the single-
pole switch is closed, all the lamps 
will remain lighted regardless of 
the position of the other switches. 
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SPECIFICATIONS FOR WIRING OF BUNGALOW 

GENERAL CONDITIONS 

The standard form of "General Conditions of Contract" of the American In-
stitute of Architects, copies of which are on file with the Owner, shall govern 
and is hereby considered and acknowledged a part of the specifications covering 
this work. 

PROGRESS OF INSTALLATION 

The Electrical Contractor shall keep himself informed of the progress of 
the general construction of the building so thiqt he may begin his work at the 
earliest opportunity in order to avoid delaying the progress of the work as a 
whole. He shall provide a working crew of adequate numbers to install the work 
as rapidly as may be consistent with the class of work required. He shall co-
operate with all other contractors on the job to serve the best interests of the 
owner. 

CODE RULES 

All material and work shall conform in all respects to the latest rules and 
requirements of the National Electric Code and the Public Service Company re-

quirements. 

BIDS 

This bid sha11 be based on armored cable (B.X.) with conduit used only from 
point of entrance to the service switch. 

SERVICE 

The Electric Company shall bring the main wires to the weatherhead and con-
nect them to the service wires which shall be installed by the contractor. The 
contractor shall furnish an approved type service switch and wire for the meter. 
The meter to be furnished and installed by the Public Service Company. 

MATERIALS  

All materials shall be new, and shall bear the Underwriter's label. Outlet 
boxes for walls and ceiling lights shall be fitted with a fixture stud. Wall 
switches shall be of the toggle type and shall be either single pole or three-way 
to suit the plan requirements. Whenever two or three switches are adjacent to 
one another they shall be arranged for gang or tandem cover plates. Wall or base 
outlets shall be of the double or duplex flush type. 

FIXTURES 

Fixtures and hanging of same will be done under separate contract. 



SERVICE (Conduit) SUMMARY 

unit 
cost 

2 cir. 2 wire 4 cir. 3 wire 
quantity cost quantity cost 

1/2" conduit 15' 15' 
3/4" conduit 20' 
in conduit 20' 
i18 wire 45 65' 
Ground wire 20' 20' 
2w. Service sw. 1 
3w. Service sw. 1 
3/4" Service head 1 1 
3/4" LB Fitting 1 I 
Ground clamp 1 1 
Fuse plugs 3 
Fuse plugs 6 
Miscellaneous 
Labor—hours 7 9 
Total 

* For a 3 wire service these items should be 1" 

CONTRACT 

quantity Items 
unit 
cost total 

cell/wall outlet 
convenience out. 
S. P. switch 
3 way switch 
Service 
Permit 
Total 

% total 
65 Labor and material 
25 Overhead 
10 Profit 

100% Total 

Estimate number Date 

I (We) hereby propose to furnish labor and material necessary to install the wiring system in and about the 
premises located at for the sum of Dollars. 

Payment shall consist of 80% of the total when the work is roughed in, the balance to be paid after fined_ 
inspection. 

The work done and the material furnished under this proposal shall comply with all local requirements 
governing this class of work and in accord with the latest rules and requirements of the National Electric 
Code. 

The work done and the materials furnished under this proposal shall comply with the specifications and 
drawings submitted. 

All changes shall be made in writing and signed by both parties hereto, which said writings shall set out 
and contain in full the character, extent, cost and conditions of said change. 

Accepted Owner Date Contractor 
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ESTIMATING JOB 

ARMORED CABLE WORK NEW HOUSE 

Items 
unit 
cost 

ceiling/wall convenience out s. p. switch 3. w. switch 
quantity cost quantity cost quantity cost quantity cost 

#14-2 wire B.X. 17' 13 1 14' 8' 
#14-5 wire B.X. 12' 
Cutlet box 1 
Box support 1 
3/8" fixture stud 1 
Switch box 1 1 1 
Switch box support 1 1 1 
B.X. connector 
-i78" 

2 2 2 2 
pipe straps 9 3 3 5 

Convenience outlet 1 
S. P. Switch 1 
3 way switch 1 
Miscellaneous 
Labor-hours .55 .66 .66 .88 
Total 

ARMORED CABLE WORK OLD HOUSE 

unit 
cost 

ceiling/wall convenience out s. p. switch 3 way switch 
quantity cost quantity cost quantity cost quantity cost 

#14-2 wire B.X. 22' 20' 20' 9' 
#14-3 wire n.X. 12' 
Shallow outlet box 1 
Old work hanger 1 
Switch box 1 1 1 
B.X. connector 2 2 2 2 
5/8" pipe strap 3 3 3 3 
Convenience outlet 1 
S. P. switch 1 
3 way switch 1 
Miscellaneous 
Labor-hours 1.55 1.9 1.9 2 

Total 
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98 WIRING - LIGHT AND POWER 

METER CONNECTIONS 
WIRE SINGLE FUSED SWITCH. 3- WIR E SOLID NEUTRAL SWITCH. 

TWO 2-WIRE SINGLE FUSED !MARC H CIRCUITS. ONE 3- WIRE 2- FUSED BRANC H CIRCUIT, 

•'<INE 

2 - WIRE 
METER 

UDAO 
METER ruse 

 ' NEUTRI 
STRAP 

SWITCH 

0 
4. 

LOAD "W. 

SERVICE WIRES 

e. 

7,e 

ter 
c. BRANCH 

CIRCUIT 
FUSES 

METER FUSE  
_L 

I I 
DRAPICH 

I I CIRCUIT 
I I FU SE I l 

I I 1 
I I SWITCH 

LOAD "Er 

3-• WIRE SOUP NEUTRAL SWITCH. 
FOUR 2-WIRE SINGLE FUSED BRANCH CIRCUITS. 

3 PHASE METER 

METER FJJSE 

POLY PHASE • 

 q5-(5UP  

 (UZS(M  

BRANCH 
tficun-
FUSE I 

SIN TCH I 

LOAD 
WIRES 

REMOVABLE 
TEST LINKS 

--

0, 

LI) 

LINE I  \T-SWITCH 

COYNE 



LOAD 

TOP 
FROM GROUND 

METER BASE 

coNbuir 
01? ENTRANCE 

CABLE 

SPECIAL 
1B-FITTING-P 

#4 SOL ID 
COPPER WIRE-

GROUND CLAMP-. 

-5;;Xf3"GrALVANIZED 
IRON PIPE 

WIRING - LIGHT AND POWER 99 

WIRING METER BASE FOR SOCKET TYPE METER 

3- WIRE 

SERVICE 

WEATHER HEAD ArA04‘ 

2-WIRE 

'—THESE WIRES ARE IN CONDUIT - 

SPRING CLIP FOR 
METER PRONG 

BINDING SCREW 

WIRES IN CONDUIT 

SERVICE 
SWITCH 

THROUGH WALL • BOX 

To GROUND GROUND 

BUSHING - II\ .81NG 
LOCK NUT 

6' FROM 
FLOOR 

SERVICE 

NE UTRAL 
BINDING 
SCREW 

LOAD 

CONNECTIONS IN SERVICE BOX 

LOCK NUT-' 

-BARE WIRE UNDER 
CLUriarev.ee 

- 

CONDUIT 

WHITE OR' 
NEUTRAL WIRE 



100 WIRING - LIGHT AND POWER 

HIGH VOLTAGE TEST SET FOR WIRING 
INSTALLATIONS R.E.A.RECOMMENDATIONS LIGHT OUTLET 
DOUBLE FILAMENT NEON TEST LAMP 

\k eSj 
220E 

POLARITY TEST— treERT NEON LAMP IN SOCKETS. LIGHTING OF CORRECT   FILAMENT INDICATES PROPER POLARITY. 
SHORT CIRCUIT 8, GROUND TEST— REMOVE LAMPS AND CLOSE SWITCHES. IF SHORTS OR 
GROUNDS EXIST PILOT LAMP WILL LIGHT. INITIAL COST COMPLETE .010.00 TO 4t12-.00. UPKEEP COST— bVERAGE 104- PER JOB, NEON TEST LAMP 2.5e TO 171.50. 

2.Z5 E 25 W PILOT LAME 

DISTRIBUTION CADINET 
BRANCH CIRCUIT 

IMETER SOCKET 
THIS EQUIPMENT MAY BE CARRIED IN REAR OF CAR. 

1-5 E 4-5 E 4-5 E E 1-5E 

SUPPLY FOR TESTING — FIVE 45 E HOT— SHOT BATTERIES 

ANY D.C. SUPPLY OF 220 E MAY BE USED, SUCH AS THE. 
POWER PACK USED IN AUTO RADIO. THEN THE CAR BATTERY COULD 
BE USED AS A SOURCE. MALLORY viBRAPACK V.P. 552 MAY BE 
USED III CONJUNCTION WITH A CAR BATTERY. THIS VIBRATOR 
POWER PACK HAS AN OUTPUT OF 2.2.5 VOLTS AND UP, AND 
100 M.A. CAPACITY. MAY BE PURCHASED FOR 41I.00. 
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STANDARDS OF ILLUMINATION FOR 

STORES, COMMERCIAL AND PUBLIC INTERIORS 

Recommended by Nola Park Laboratories 

(These foot-candle values represent order of magnitude 

Foot-Candles 
Armories — Drill Sheds and 

Exhibition  , 10 
Art Galleries: 

General 
On Paintings 

Auditoriums   0 5 
Automobile Show Rooms 20 
Banks: 
Lobby 
Cages . 
Offices 

Barber Shops and Beauty 
Parlors. . 20 

Churches: 
Auditoriums . . 5 
Sunday School Rooms ... 10 
Pulpit or Rostrum . ..... 20 

Club and Lodge Rooms: 
Lounge and Reading Rooms. 20 
Auditoriums. 

Court Rooms 10 
Dence Halls.. . S 
Depots: 

Waiting Rooms.   10 
Ticket Offices— 

General . . 10 
Ticket Rack and Coun-

B• 

15 
By 
20 

Rest Rooms. Smoking 
Rooms. . . 10 

Baggage Checking Office... 10 
Storage ... . 5 
Concourse .... 5 
Platforms.. . 2 

Drafting Rooms: 
Prolonged Close Work. Art 

in Detail . . C• 
Drafting and Designing 
Rough Drawing and 
Sketching . 

Fire Engine Houses: 
When alarm is turned in . 10 
At other times . 2 

Garages--Automobile: 
Storage-- Dead.. . 

Live. 
Repair and Washing Depart-
ments . C• 

Ha ..... —Aeroplane: 
Storage- lave . . 10 
Repair Department. C• 

2 

Foot-Candles 
Hospitals: 

Laboratories ... .......... 20 
Lobby á Reception Room.. 5 
Operating Room 

General ... 20 
Operating Table 

Major Operations  1000 
Minor Operations  200 

Private Rooms (with local 
. 

Wards (with local illumine-
tion)..   

Hotels: 
Lobby . 10 
Dining Room 
Kitchen 20 
Guest Rooms.   10 
Corridors .. 
Writing Rooms...... 

Library: 
Reacting Room. .... . 20 
Stack Room 10 

Moving Picture Theatre: 
During Intermission.. . 5 
During Pictures 0.1 

Museums: 
General.. 10 
Special Displays.... B• 

Night Clubs and Bars. . 5 
Office Buildings: 

Bookkeeping, Typing and 
Accounting. . 

Business Machines.—Power 
Driven (Transcribing & 
Tabulating)— 

Calculators. Key Punch. 
Bookkeeping.. . B• 

Conference Room— 
General Meetings... .... 10 
Office Activities e e 

Desk Work 
Corridors and Stairways ... 
Desk Work— 

Intermittent Reading and 
Writing.. .... 20 

Prolonged Close Work. 
Computing, Study•ing. 
Designing, etc.. C• 

Reading Blueprints and 
Plans...... . . 30 

20 

20 

.• 2 
• .20 

so 

rather than exact levels of 

Foot-Candles 
Office Buildings, (continued) 

Drafting— 
Prolonged Close Work— 

Art Drafting and De-
signing in Detail . C• 

Rough Drawing and 
Sketching .. 30 

Filing and Index References. 20 
Lobby. . . 10 
Mail Sorting. .... 20 
Reception Rooms ......... 10 
Stenographic Work— 

Prolonged Reading Short-

h . . and Notes Vault 
Post Office: 

Lobby. . In 
Sorting. Mailing. etc.. 20 
Storage  10 
Offices—Private & General. 20 
File Room and Vault . 10 
Corridors and Stairways ... 2 

Professional Offices: 
Waiting Rooms . ..... 10 
Consultation Rooms. 20 
General Offices ... . ..... 20 
Dental Chairs and Doctors' 

Examination Rooms A• 
Restaurants, Lunch Rooms and 

Cafeterias: 
Dining Areas 
Food Displays... je• 

Schools: 
Auditoriums and Lecture 
Rooms— 
General . 
Special Exhibits... .. 

Class and „Study Rooms— 
Desks & Blackboards.... 

Corridors and Stairways.... 
Drawing Room.... ... , 
Gymnasium . 
Laboratories.— 

General. 
Close Work..... 

Library and Offices . 
Manual Training— 
General 
Close Work.... 

Sewing Room . 
Sight-Saving Classes ... 

Service. Space: 

10 
C• 

20 

Cy 
20 

IS 
C• 
20 

20 
B• 
B• 
C• 

illumination) 

Foot-Candles 
Service Space, continued: 

Elevators—Freight and Pas-
senger.. . . 10 

Halls and Stairway s....... 5 
Storage.. . 
Toilets and Wash Rooms. .. 5 

Show Cases.... B• 
Show Windows: 

Large Cities— 
Brightly Lighted Districts. 200 
Secondary Business Loca-

Neighborhood Stores .... 50 
Medium Cities— 

Brightly Lighted District. 100 
Neighborhood Stores... .. 50 

Small Cities and Towns . . 50 
Lighting to Reduce Daylight 
Window Reflections.. 200-1000 

Special Displays Inside Store: 
Light Colored.. ..... C• 
Medium Colored ....... B• 
Dark Colored . . . A• 

Stores: 
Large Cities— 

Brightly Lighted Districts. 20 
Secondary Business Loca-

tions 20 
Neighborhood Stores... .. IS 

Medium Cities— 
Brightly Lighted Districts. 20 
Neighborhood Stores .. 15 

Small Cities and Towns.... Is 
Telephone Exchanges: 

Operating Rooms... ....... S 
Terminal Rooms .......... 15 
Cable Vaults... ........... 

Theatres: 
Auditoriums. 
Foyer. ..... 
Lobby . 

Transportation: 
Cars— 

Baggage. Day Coach Din-
ing, Pullman.. .. 15 

Mail— 
Bag Racks and Letter 

Storage   S 
Street Railway. Trolley Bus 
and Subway.. IS 

Motor Bus  10 

3 

"In these ....s many of the machines require one or more supplementary lighting units mounted on them in order to effectively direct light toward the working points. 

•Lighting recommendations for the more difficult seeing tasks. as indicated by A. B, and C in the foregoing table, are as follows: 

GROUP A — These seeing tasks involve (al the discrimination of extremely fine detail under conditions 0, (b) extremely poor contrast. (c) for long periods of 
time. To meet these requirements, illumination levels above 100 foot-candles are recommended. 
To provide illumination of this order a combination If at least 20 foot-candles of general lighting plus specialized supplementary lighting is necessary. The 
design and installation of the iombination systems must not only provide a sufficient amount of light but also must provide the proper direction of hem. 
diffusion, ey e protection and, insofar as possible. must eliminate direct and reflected glare as well as objectionable shadows. 

GROUP B — This group of visual tasks involves Ial the discrimination of fine detail under conditions 01 (b) a (air degree of contrast (c) for long periods of 
time. Illumination levels from SO to 100 foot-candles are required. 
To provide illumination of this order a combination rif 10 to 20 foot-candles of general lighting plus specialized supplementary lighting is necessary. The design 
and installation of the combination systems must not only provide a sufficient amount of light but also must provide the proper direction of light, diffusion, eye 
protei lion and, insofar as possible. must eliminate direct and reflected glare as well as objectionable shadows. 

GROUP C — the seeing tasks in this group involve (al the discrimination of moderately fine detail under conditions of (b) better than average contrast 
Ii ) for intermittent periods of time. The level of illumination required is of the order of 341 to SO foot-candles and in some instances it may be provided from 
a general lighting s% stem. Oftentimes, however, it will be Iowa more economical and yet equally satisfactory to provide from 10 to 20 foot-candles from the 
general system and the remainder from spec ialized supplementary lighting. The design and installation of the combination systems must not only provide • 
sufficient amount if light but also must provide the proper direction of light. diffusicn, eye protection and, insofar as possible, must eliminate direct and reflected 
glare as well as Moei tionable shadows. 

Billiards: 
General 
On tables 

Bowling. 
Genetal 
lin l'ins 

Boxing 

Font-('anilles 

10 
50 

Sil 

Standards For Indoor Recreational Lighting 

Boxing, continued: 
Ring • Amateur . 

Proirssion.il . 
Championship 

Gymnasium . 
Exercising Ri.. ii 
Shower Rooms 
1.oi ter Rooms 

Font-Candles 

I 041 
100 
5110 

Foot-Candles 
Gymnasium, continued: 

Fencing. Wrestling, 
Basket Ball 20 

Soft Ball.... . 30 
Skating Rink. ... . 10 
Table Tennis --Ping Pong 
Tennis. Recreational 
Tournament 

30 
20 
.50 

Foot-Candles 
Other Sports 
Badmintue Ilandball. Rac-
quet Squasi. . 30 

Basket Ball. V.•:ley Ball .. 20 
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• *HIGH TENSI ON 
WIND NG 

LOW TENSION 
WINDING 

•  
LAM NATED 
IRON CORE 

A.C. 
SOURCE 

SECONDARY 

RATIO 1:2 

PRIMARY 
Ar's. 

v V v VJV V v v ol--e 

STEP UP 
TRANSFORMER 

A TRANSFORMER is a device to either step-up or step-down A.C. volt-
age. It usually consists of two separate windings of insulated wire 
wound on a laminated iron core. One is known as the high tension 
winding and the other the low tension winding. 

The HIGH TENSION (high voltage) WINDING has the greater number o 
turns and smaller wire. 

The LOW TENSION (low voltage) WINDING has fewer turns and larger 
wire. 

• 
41/Gil TENSION 

WINDING 

PRIMARY 

RATIO 2:1 

SECONDARY 
••••"",ernete 

LAMINATED iron core means a stack or bundle of thin sheets or strips 
of iron, which are insulated from each other by an oxide film. This 
arrangement of thin sheets or strips tends to limit or confine the 
eddy currents induced in the iron and thus reduces heating of the 
iron. 

LOW TENSION 
WINDING 

• 

When connecting a transformer, either the low tension or high ten-
sion winding can be used as the PRIMARY. (Illustrated in the above (--; 
diagram) When used as a step-up transformer the low tension winding\-e/ 
is connected to the source as the primary and the high tension wind-
ing to the load as the secondary 

The PRIMARY is always the side connected to-the source. 

The SECONDARY is always the side to which the load is connected. 

The VOLTAGE INDUCED in the secondary will depend upon the ratio of 
turns and the voltage applied to the primary. 

LAMINAT ED 
IRON CORE 

LOAD 

STEP DOWN 
TRANSFORMER 
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TRANSFORMERS 103 

WESTINGHOUSE 

TRANSFORMER 
CONNECTIONS 

ELECTRIC CORPORATION 

In making transformer connections, safety should never 
be forgotten. DO NOT TAKE A CHANCE. PLAY 
SAFE. Do not assume that a transformer is de-energized 
(dead). Make sure breaker or switch is open before do-
ing work. After work is completed, make sure all is 
clear before energizing. YOUR OWN LIFE AND THE 
LIVES OP OTHERS MAY DEPEND ON THIS. 

It is well to remember in making emergency connec-
tions, especially for phase transformation, that a com-
paratively small "off ratio" will cause a large circulating 
current. This circulating current will depend not only 
on the "off ratio" but also on the impedance. This con-
dition may become more dangerous than the operator 
realizes, especially when the transformers involved are 
normally carrying full load. 

80-CYCLE TRANSFORMERS ON 15 CYCLES 

High Vol/age 

Low Voilage 

When using a 60-cycle transformer on a 25-cycle circuit 
a transformer whose normal rated voltage is double the voltage 
of the circuit would be required. This is to prevent the magnetic 
saturation of the iron core. The same result can be accomplished 
by connecting two transformers of the same voltage in series. Placing 
the secondary side on a 3-wire circuit would tend to keep the voltage 
on the two transformers balanced. 

TWO-PHASE CONNECTIONS 
TWO-PHASE—FOUR-WIRE 

Mahkolloge 

vvvv\n/ 

Low Voltage 

in this connection 2-phase. 4-wire is transformed by the 
use of two transformers to 2-phase. 4-wire of a different voltage and 
there is no connection between the two phases. 

STANDARD TRANSFORMER AS BOOSTER 

Nigh Vo/loge 

Low Voltage 

The purpose of a booster transformer is to raise the volt-
age of the circuit from which the transformer is excited. The primary 
winding is connected in multiple with the line, and the secondary 
winding is connected in series with the line. By reversing the sec-
ondary winding its action can be changed from boosting to bucking. 
The low voltage winding is subjected to the stresses going with the 
emf. of the high voltage circuit, and this must be taken into con-
sideration when using this connection. 

TWO-PHASE—FOUR-WIRE; TWO-PHASE—THREE-WIRE 

1-kah Volloge 

Lovv Voltage 

The two phases on the low-voltage side are electiicd11y. 
tied together. The common third wire is sometimes grounded. 
Caution. If in the load, the two phases are inter-connected in a dif-
ferent manner than here shown at the transformers, a short circuit 

will result. 

TWO-PHASE—THREE-WIRE INTERCONNECTED 

MO Voltage 

Low Voltage 

In this connection the two phases are eltctrically tied 
together by the common third wire. This is permissible in certain 
cases and not in others. This third or common wire is sometimes 
grounded. Caution. If the generator or any transformers back of 
the transformer group shown above are interconnected in a manner 
not identical to the transformer bank, a short circuit will result. 
The same applies to the load on the secondary side, for example. 

a motor. 
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THREE-PHASE CONNECTIONS—STANDARD—THREE-PHASE—CLOSED DELTA 

twt V.Itage 

When ...three transformers are operated i n a closed delta bank care should be taken to make certain that the impedances of the 
hrec units are practically the same. Transformers having more than 10 per cent difference in impedance rating should not be operated 
•cgether in s closed delta bank unless a reactor is used to increase the impedance of the unit having the lower impedance rating to a value 
equal to the other units. 

Iti; always best before connecting up three transformers in closed delta to insert a fuse wire between the ends of the two transformers 
closing the delta bank. The fuse wire should be of sufficient size to carry the exciting current of the transformers. The use of this fuse 
wire offers a very simple means of making certain that the transformers have the p-oper polarity. 

If the voltage ratio of all three of the transformers is not the same, there will be a voltage tending to circulate a current inside the 
elta. The current will be limited by the impedance of the three transformers considered as a series circuit. 

STANDARD THREE-PHASE STAR, THREE-WIRE—HIGH VOLTAGE DELTA, THREE-WIRE—LOW VOLTAGE 

thqh Vo/tree 

'\AA/v 

tow Voltage 

When three transformers are operated with their high-voltage windings in star the incoming line voltage is the V3 or 1.7;2 x 
the transformer winding voltage. 

This connection is very popular and presents a very convenient way of boosting the transmission voltage withut purchasing additional 
transformers. 

In general, all distribution transformers of the 7820-volt class and less are insulated for star connection on the high-voltage windings. 
In this connection it is not necessary that the impedance of the three transformers be the same. 

At least the bad effects d the unbalanced impedances will not be so marked as with the delta-delta connection. 

THREE-PHASE STAR, FOUR-WIRE—HIGH VOLTAGE 

lbghVollage 

DELTA, THREE-WIRE—LOW VOLTAGE 

This connection permits 3-phase power to be transmitted at the star voltage. At the same time single-phase power may he 

taken from the mains by connecting a single-phase transformer between the neutral and any of the three phase wires. 
In this connection it is not necessary that the impedance of the three transformers be the same. 
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THREE-PHASE—STAR, INTERCONNECTED 

t'o'loge 

WVVVV VVWV 

Neutrc/ 

toiv 1/9/:,2;e 

The primary side of this group may be connected either in star or in delta. Each half of the secondary winding of each 
transformer has a voltage of ,),(y of the interconnected star voltage. A bank of transformers designed for connection in this manner will have 
a capacity 7.¡%. greater than the Kv-a. transformed. The purpose of the interconnected star winding is to permit the unbalanced d-c. 
current from the third wire of the three-wire circuit of a rotary converter to get back into the alternating current system feeding the con-
verter. Since this d-c. current divides into two equal parts in each transformer and also these parts flow in opposite directions magnetically 
in the two parts; the d-c. current does not magnetize the core. If this current would flow in one direction through the winding the d-c. 
magnetic flux would add to the a-c. flux and perhaps saturate the core. 

THREE-PHASE INSIDE DELTA TAPS—HIGH VOLTAGE CLOSED DELTA—LOW VOLTAGE 

Nigh Vollcçe 

r, 

Low Mope 

The purpose of this connection is to permit the use of a tap without re-connecting the transformers at the corners of the 
delta. There are two objections to the use of inside delta taps. 

1. All of the winding is in circuit even when it is not needed. 
2. There is a phase shift between the primary and secondary voltages, which would not be present if the straight delta connection 

was used. This shift in voltage is objectionable if the transformer is to be paralleled with a straight delta-delta transformer. 

THREE-PHASE—FOUR-WIRE, STAR-STAR WITH AUTO-TRANSFORMERS 

,l/e/7 Vecee 

— 

Low voltage 

In this connection the high and low-voltage windings are electrically connected together, and for this reason the low-voltage 

side is the same voltage relative to ground as the high-voltage circuit. The material in the auto transformer is less than that in a two 
winding transformer, transforming the same power. The saving in material is quite large when there is but a small difference in the pri-
mary and secondary voltages, and the saving becomes less and less as the difference between the primary and secondary voltages increases. 
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THREE-PHASE—THREE-WIRE—OPEN DELTA WITH AUTO-TRANSFORMER 

High Voltage 

C-v\AAAAD 

Low Voltage 
In this connection the high and low-voltage windings are electrically connected together, and for this reason the low-voltage 

side is the same voltage relative to ground as the high-voltage circuit. The material in the auto-transformer is less than that in a two 
winding transformer, transforming the same power. The saving in material is quite large when there is but a small difference in the primary 
and secondary voltages, and the saving becomes less and less as the difference between the primary and secondary voltage increases. 

4000 TO 2300 VOLTS BY USE OF STANDARD 2-WINDING, CLASS 400 TRANSFORMERS 

11/9/? Vol tore 4000 Volts 3-Phase 

Low voltcge 3-PhasC. 

This diagram gives a method of hooking up three standard 2300-volt, class 400 transformers to transform from 4000 to 2300 
volts, three-phase. 

Find the middle point of the high-voltage winding which is generally available either at the terminal block or on a crossover lead of 
the coils. Connect the left-hand, high-voltage lead to this point and connect outside the case as indicated. 

Connect inside the case the left-hand end of high-voltage winding to the left-hand end of the low-voltage winding as indicated. 
Connect low-voltage coils in series as indicated. Follow schematic diagram. Note that actual voltages of 4730 and 2790 bear the same 

ratio as 4000 and 2300; therefore, if 4000 only is impressed then the required 2300 volts will be delivered. 
Transformers over 50 Kv-a. are not adapted for connection in this manner for motor starting. 
Caution—The neutral point must be grounded. Do not impress a higher voltage than 4000 volts, as the insulation is not built to 

withstand higher stresses. 

PHASE TRANSFORMATION—FORTESCUE CONNECTION 

Hip Vol/age 

./\/`,'i 

Lew Vcilc,2e 

This is a transformation from three-phase to two-phase, by the use of three transformers, one of which is standard, and the 
ether two have special taps on the low-voltage side. One advantage of this connection is that both two and three-phase current may be 
delivered at the same time. The sum of the power delivered at two-phase and at three-phase must be somewhat less than the normal rating 
of the transformers, in order not to overload the transformers. 
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PHASE TRANSFORMATION—TAYLOR CONNECTION 

High Voltage 

VVVVV 

are used. 

cow votioge 

This connection is very similar as fax as results go to the Fortescue connection. One standard and two special transformers 

SIX-PHASE—DIAMETRICAL 

»eh Vol/age 

Neutral 

Low Voltage 

This connection requires one low-voltage winding on each transformer, which is connected to diametrically opposite points 
on the converter winding. The middle points of the diametrical windings can be connected together and brought out for the third wire of 
a d-c. circuit. When full output is required at the same voltage at either 3-phase or 6-phase, the double-delta connection is usually used. 

SIX-PHASE—DOUBLE DELTA 

tie Vol/age 

/.0.v Voilage 

This connection requires two independent low-voltage windings in each transformer. Both sets are connected in delta, but 
ne I s reversed in comparison with the other, so that the two deltas are displaced 180 degrees in phase relation from each other, for op-

er&ting synchronous converters. 
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SCOTT TRANSFORMATION—STANDARD 10 TO 1 RATIO USED 
Hie Voltaye 

Low Vonage 

If a Scott transformation is desired, and a transformer 
having an 86.6% tap is not available, a unit having a 10% tap or 
two 5% taps may be used to give approximate results. With this 
arrangement the 2-phase voltages will be unbalanced by about the 
saine amount as when using a 9 to 1 ratio transformer. See Fig. 19. 

SCOTT TRANSFORMATION—STANDARD 9 TO 1 RATIO USED 

High Voltage 

Ted: er 
Tr.ms 

9-1 Ratio 
Unit 

10-1 Ratio 
Unit 

NC Ill 
Trans. 

Low Voltage 

If a transformer with an 86.6% tap is not available in 
making a Scott transformation, a 9 to 1 ratio transformer may be 
used for the teaser unit and give an approximate 3-phase to 2-phase 
transformation. The main unit of course must have a 50% tap or 
the transformation cannot be made. 
Suppose it is required to transform from 2300, 3-phase to 230, 2-

phase. For the teaser unit use a 9 to 1 ratio transformer. The primary 
voltage applied to this unit will be .866 x 2300 or 1990 volts. The 
2-phase voltage on the secondary side of this unit will be 1990 +9 
or 221 volts. The voltage of the other phase will be 230 volts. There-
fore, the two phases will be unbalanced by this amount, which is 
about 4%. This unbalance, however, is generally of little conse-
quence, especially if the transformers are used to drive motors. 

PHASE TRANSFORMATION 
SCOTT: 2-PHASE, 3-WIRE TO 3-PHASE, 3-WIRE 

OR 
SCOTT; 3-PHASE, 3-WIRE TO 2-PHASt, 3-WIRE 

High Voltage 3Phose 3-Wire  

Low Voltage ¿Phase 3-Wire 

This is a phase transformation, from 3-phase to 2-phase, 
or from 2-phase to 3-phase. Either the primary or secondary side 
may be made 3-phase. The 3-phase side must have special taps. 
One unit must have an 86.6% tap, and the other unit a 50% tap. 
A 3-wire circuit is used on the 2-phase side. This is formed by joining 
two of the wires forming the 2-phases. In this manner the 2 phases 
are electrically connected. 

Distribution transformers are ordinarily designed so that the full 
rated capacity of the bank can be utilized without exceeding normal 
temperature rises. 

If the transformers are to be used with motors interconnected 
at mid-points, the connection shown above cannot be used and 4-wire 
connection, in Fig. 17. is recommended. 

SCOTT; 3-PHASE, 3-WIRE TO 2-PHASE, 4-WIRE 
OR 

SCOTT; 2-PHASE, 4-WIRE TO 3-PHASE, 3-WIRE 

/110 Vet/age 

Teaser Trims 

tlain7raro. 

Low l tillasie 

This connectical is exactly the same as the previous one 
except the two-phase side is made 4-wire. In this manner the two 
two-phase circuits are electrically separated. 

High Voltage 4/60 Volts 3Phase 4Wire 

MM, •••• — — 

2 

Neutral 

Low Voltage 240 Volts 2Phase 
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AUTO TRANSFORMERS 
FOR PHASE TRANSFORMATION 

3-PHASE TO 2-PHASE, 4-WIRE INTERCONNECTED 

li/gh Voltage 

,̂',1 7 

7-coser 

Low Vollo9e 

When a phase transformation is desired without any 
considerable stepping up or down of voltage. the auto transformer 

is the .implest and cheapest arrangement. The connection shownhas 
the windings on the two phase side electrically connected together 

at their middle point. 

3-PHASE TO 2-PHASE, 4-WIRE 

tie Voltage 

/Ten 

T C.:73 cr-

Low Voilage 

This connection is the same as the one shown previously 

except that the windings on the two-phase side are not connected 
together at their middle points, but the end of one phase is connected 

to the middle of the other phase. The two phases are not, therefore, 

electrically separated. 

THREE-PHASE—STAR, FOUR-WIRE, ONE LEG OUT—HIGH 
VOLTAGE, OPEN DELTA, THREE-WIRE—LOW VOLTAGE 

-\/vvvvy \ivvvw 

Low KV/09e 

This is similar to a V connection. The primary of the 
two transformers is connected between the neutral and each of the 
three-phase wires. The secondaries are connected to the secondary 
mains, the same as for the delta connection, except that the third 
transformer is not used. (The secondaries are in open delta). 86.6% 

of the rated capacity of the two transformers can be obtained. 

AUTO TRANSFORMERS-3-PHASE TO 3-PHASE, 3-WIRE 

High Voltage 

1r,:3 cr 

Low Voltage 

Where the voltage change from primary to secondary 
is small, the use of an auto transformer for a voltage transformation 
is cheaper than the use of two winding transformers. The primary 
and secondary windings are tied together electrically, which may 

be an objection in some cases. 

PHASE TRANSFORMATION 3-PHASE TO 2-PHASE USING AN 
AUTO TRANSFORMER 

2 Pna., 
Wer 

3Phase 
Wwe 

This shows how 2-phase voltages may be taken from 

a delta bank by the simple application of an auto transformer. The 
auto is connected between the apex of the delta and the mid-point 
of the opposite side. This gives a 1 to 1 ratio which means that the 
2-phase and 3-phase voltages on the L.V. side are equal. The H.V. 

winding of the bank may be connected star or delta. The 2-phase, 
and 3-phase loads may be taken off simultaneously. If no load is 
drawn off at 3-phase, approximately 7.5% of the bank rating may 

be taken off at 2-phase. 

THREE-PHASE—OPEN DELTA 

t\AVVVr ) 

Aivr  

Low VON QÇf' 

Three-phase to 3-phase may be transformed by the use 

of two similar transformers in open delta. In this connection the 
units will transform 86 per cent of their rating, i.e., two 100 kv-a. 
units in open delta transforming 3-phase, 2300 volts to 3-phase 230-

115 volts will have a bank capacity of 172 kv-a. 

In the open delta connection it is not necessary that the impedance 
characteristics be the same, although it is preferable, as when it be-

comes necessary to close the open delta bank with a third unit then 

all three units must have identical impedances. 

The open delta connection is often used as a temporary expedient 

pending a contemplated increase of load and offers a very simple 
means of handling this matter as you will note by adding a third 

100 kv-a. unit in the above mentioned example the resultant bank 
capacity will be increased from 172 kv-a. to 300 kv-a. 

The regulation of an open delta bank is not as good as a closed 

delta bank. The drop across the open delta is greater than acros, 

each of the separate transformers. 
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PARALLEL I NG THREE PHASE TRANSFORMERS 
Instructions for A: 

POLARIZING 

1. Connect primary of one phase of the transformer to a suitable A.C. supply - rated voltage or less 
- as shown in Section A. 

2. Measure both primary and secondary voltages. 

5. Connect voltmeter as shown in 1, 2, and 3, Section A, and note whether instrument indicates the 

sum or the difference of the primary and secondary voltages. If sum is given, additive polarity 
is indicated; if difference, subtractive polarity. 

-A-

-t-
Leoux0 

Lauftste1 
femerl 

A MIAs«. 

Instructions for B: 

-2-

0  000001 
440É _ , _ • 

( 000000 

PHASING OUT 

1M eilf 

( 000000 
'ti zct 

ADD. POLAR' Ty 

Ixtknsm.1+ 
fneeer9 

testtuuei' 
femel 

tut. POLAR TT 

Sue POLARITY 

1. Ass,me three ends of the three primary phases to be "finishes" and join them together. Connect 
the three assumed "starts" to the line. (1-B) 

2. Take a voltmeter reading on each primary phase. 

5. If the readings are not equal, reverse the leads of une phase and test again. If still unequal, 

replace the leads and reverse the next phase. Repeat until equal readings are obtained, and 
then mark the ends connected together "F" and those attached to the line "S". The starts and 
finishes of the secondary winding may be determined from the transformer polarity as indicated 
in Diagram 2-B. 

1.4 16.0.5 ADD. 
fc unufuei 

-2- 

sc [WW I PD. POL. Sc 

Instructions for C:  

F C 

, CORRECT STAR 
CO NRICTi 

at 

5 A f ee4:en IA 

f b 

leurugx)1 SUB. POL 
se 11 re 

f • Utlnx0 
bUll POL. 

PARALLELING 

f c 
sc. 

ADD. 
Sc FC 

¿SOL sb 

Ent 

trot ro 
f 

SUB. 
SA FA 

4401 

4401 

44oi 

CORRECT Y Y CONNECTION 

1. After the transformers have been polarized, phased out, and the leads properly marked, they may 
be paralleled. Identification of each line will be necessary before the primary windings are 
connected, and a symmetrical arrangement of the transformer leads is essential. 

2. After the ends of each line have been found and marked, connect the primary leads "SO" and "SAl" 
to the same line; "SB" and "Siii" to the next wire; and "SC" and "SCi" to the remaining line. 
Connect the primary finishes together. 

S. The secondary connections are made by joining the secondary finishes together and then connect-
ing corresponding ends of the different phases together, "sa" to "sal ", "sb" to "sbi", and "sc" 
to "sci". To prevent an incorrect connection, connect only one secondary wire, say from "se" to 
"sal", and check the voltage between the remaining secondary terminals. Connect together only 
those terminals between which there is no difference in voltage. 

f •401 

4401. 4441 

£10 I. 
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Air-Cooled Transformer Connections 
The connection diagrams below illustrate the standard methods for connecting Wagner 
(type AC) air-cooled transformers for both single-phase and three-phase circuits. 
These connections are in accordance with the wiring requirements of most power 
companies and represent the standard wiring practices of large industrial concerns. 

SINGLE-PHASE CONNECTIONS 

460v 460v 440V 230v 2.50v 230v 

I 4 I 3 2 4 I Z 4 
I 3 2 4 I 3 2 4 I 3 2 4 

460 to 230 Volt 
2 Wire 

8 6 7 8 

Ile I 18 v 
2 30v 

460 to 230 Volt 
2 Wire, or 

460 to 230/115 Volt 
3 Wire 

460 VOLT 
3 Ptegsr LINE 

0̂86><775 
8 6 7 5 

6 7 

115v 

6 

230v 

8 6 7 .5 
113v 115v 

230v 

460 to 115 Volt 230 to 230 Volt 230 to 230 Volt 
2 Wire 2 Wire, or 

230 to 230/115 Volt 
3 Wire 

THREE-PHASE CONNECTIONS 

2 Wire 

460 Voix 
3 PHASE 111.d 

8 6 7.5 

230 VoLT 119 VOLT _7 
PHAsE LoAD 3 PHASE LOAD 

460 to 230 Volt Open-Delta* 

230 VOLT 
3 PHASE LIAIE-

1 IS 2 4 2 4 

6 7 

230 to 115 Volt 
2 Wire 

290 VOLT 
3 PHASE Ltp4F 

•86><*e7w ;• 

 • 
230 VOLT 
3 PHASE LOAD 

460 to 115 Volt Open-Delta * 230 to 230 Volt Open-Delta* 

460 VOLT 460 VOLT 
3 PHASE LINE 

I 3 4 
• g 

1 3 2 4 
evox „.A.: 

:::?4e.":5* 'We 

3 24 

86 7 6 

115 VoL j 230 VOLT 
3 PHASE LOAD 

3 PHASE LIN  

Ç51  
WTRAL 

15448 Veers] 
3 PHASE LOAD 3 PmAse LOAD 

230 to 115 Volt Open-Delta* 460 to 230 Volt Delta Connection 

For 230 to 230 Delta Connections 
connect (1 to 3 and 2 to 4) 
otherwise same as above. 

460 to 115/198 Volt Y Connection 
(Additive Polarity) 

For 230 to 115/198 Y Connections 
connect (1 to 3 and 2 to 4) 
otherwise same as above. 

For three-phase open-delta connections, transformers can only be loaded 
to 8S% of their rated capacity and the regulation is rather poor. 

Wadneriledric Corporation 



CONVENTIONAL INSTALLATIONS 

NV LINE 

LV SERVICE 

tet 

5TAR CONNECTED 
MV LINE GROUNDED 
AT 3UOSTATiON. 
H V NEWTON. 0/ EACH 
TRANSFORMER 
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Te./.43roitritit 

Star Connected System 
Grounded at Substation 
and Each Transformer 
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—J 
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Grounded at Substation 

Only 

NEUTRAL 
ROESTER 
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NV LINE 
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Delta Connected System 
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ARRESrER5   
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S
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INTERCONNECTION 

MV LINE 

•  

STATION 
GROUND 

SUBSTATION ANO EACH 
HVLINE GROUNDED AT 

TRANSFORMER 
H v NEUTRAL LINE 

AND ARRESTER GROUND 

L V SERVICE 

,ePHASE 
ARRESTER 

Star Connected Systems 
Grounded at Substation 
and Each Transformer 

mar 

WATER PIPE OR 
POSITIVE 'ROUND 

LV. SERVICE 
•  

KV. LINE 

STATION 
GROUND 

PHASE 
ARRESTER 

H V ARRESTER ANO wjetTER PIPE OR 
Lv NEUTRAL GROUND PO sITIVE GROUND 

L V SERVICE 

NEUTRAL 
ARREsTER 

â 

u 
Star Connected Systems 
Grounded at Substation 

Only 

NV LINE 

PHASE   
ARRESTERS 

LV SERVICE 

HVARRESTER AND 
Lv NEUTRAL GROUND 

Delta Connected Systems 

WATER PIPE OR 
POSITIVE GROUND 

L V SERVICE 

si 

e 

0
 P
l
I
O
S
 I
S
 

P
I
S
I
A
1
1
1
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3
S
N
V
I
1
1
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INTERCONNECTION WITH ISOLATING GAP 

kv LINE 

STATION 
GROUND 

FIVLINE GROUNDED AT 
SUBSTATION AKC E AC 1›1 

TRANSFORMER 

Star Connected Systems 
Grounded at Substation 
and Each Transformer 

WATER PIPE 
— -=%..,OR POSITIVE 

HvNEU-TRAL LINE ISOLATING GAP IN GROUND 
AND ARRESTER INTERCONNECTING 

GROUND LEAD 

Lv SERVICE 

ti 
et ; 
— 

N 
-J 

FIG .3 A (ZwiRE SERVICE) 

H " LINE 

STATION 
GROUND 

PHASE 
ARRESTER 

v ARRESTER 
AND L v NEUTRAL 

GROUND 

ISOLATING GAP IN 
INTERCONNECTING 

LEAD 

Star Connected Systems 
Grounded at Substation 

Only 

WATER PI PE 
OR POSITIVE 
GROUND 

LV SERVICE 

FIG.3A(ZWIRE SERvicf) 

H V LINE 

(;) 
D 
D 

PH AS E • 
ARRESTERS 

L VV SERVICE 

H V ARRESTER ISOLATING GAP IN 
AND LV NEUTRAL INTERCONNECTING 

GROUND LEAD 

Delta Connected Systems 

WATER PI PE 
OR POSITIVE 
GROUND 

Lv SER vICE 

— 
b./ _ et 
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II
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HOW THE NEUTRALIZER QUENCHES A FAULT 

Fig. 2. Ground-fault currents, iso-
lated-neutral system 

Fig. 3 Ground-fault currents, sol-
idly grounded neutral system 

Fig. 4. Ground-fault currents, with 
neutralizer 

Transformer - 

1 G 

Transformer 

I I 
Transformer 

Ib 

IC 
"*--- b 

A 

in 1 Ground -fault 
  neutrali zer 

• When the System Neutral Is Isolated, the 
current in a line-to-ground fault consists solely of 
eharging current through the line-I o ground eapar-
itances of the other two line rondurtors (Fig. I. 
However, operating experience shows that such 
disturbances frequently result in transient over-
voltages sufficient to cause a serond flashover on 
one of the unranked phases, thus causing a short 
circuit and an interruption to service. Relaying is 
difficult because the second fault usually occurs at a 
point remote from the first —frequently in ter-
minal apparatus.—necessitating expensive repairs. 

• When the System Neutral Is Solidly 
Grounded, a line-to-ground fault short-circuits 
the faulled phase, causing current to flow through 
the fan • as shown in Fig. 3. This short-eirenit 
current. I. is lagging. and is usually so much 
greater than the charging current of the unranked 
lines (b, and lc) that the effect of the latter is 
negligible. The fault persists until the circuit-
breaker is t ripped. This means a service interruption. 

In 

• When the System Neutral Is Grounded 
through a Ground-fault Neutralizer, transitory 
arcs to ground are extinguished without an outage. 
without even a momentary interruption of service. 
and without the aid of any moving parts. The line-
t o-ground fault causes line-to-neutral voltage to be 
impressed across the neutralizer, which then passes 
an inductive current, I. 180 degrees out of phase 
and approximately equal in magnitude to the 
resultant of the system-charging currents from 
the two unranked phases, 1,, and Ir (Fig. 4). 

These inductive and capacitive currents neutralize 
each other, and the only remaining current in the 
fault is due, mainly, to corona, insubit or leakage. 
etc. This current is relatively small, and, as it is in 
plu,s, with the line-to-neutral voltage, the current 
and voltage reach a zero value simultaneously, 
hence, the are is extinguished without restriking. In 
this way, flashovers are quenched without remov-
ing the faulted line section from service. 
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5.0 Constant Potential Transformers 
5.1 GENERAL 

5.105 Scope 

These rules specify the markings of leads 
brought out of the case but not the markings 
of winding terminals inside of the case, except 
that these terminals shall be marked with num-
bers in any manner which will permit of con-
venient reference and which cannot be confused 
with the markings of the leads brought out of 
the case. 
NOTE— It is recognised that speeial conditions will arise from time 
to time which thme rules will not cover and which it would be 
very difficult to cover by any vet of general ruin. 

5.110 Markings of Leads and 
Identification of Windings 

1. In general the windings of a transformer 
shall be distinguished from one another by identi-
fying them as winding No. 1, winding No. 2, 
winding No. 3, etc. The highest voltage winding 
shall always be No. 1, except for three-phase 
to six-phase transformers. (See 5.705.) 
NOTE—The stquenee of winding numbers after No. 1 may be bv 
voltage or by kva. 

2. In general the leads shall be distinguished 
from one another by marking each lead with a 
capital letter followed by a subscript number. 
The letters to be used are for the leads of 
winding No. 1, X for the leads of winding 

No. 2, Y for the leads of winding No. 3 and 
Z for the leads of winding No. 4. The subscript 
numbers to be used are 1, 2, 3, etc. 

3. After the letters llave been assigned to 
identify the leads, the winding to which the 
respective leads are connected then may be re-
ferred to or designated by the same letter; e.g., 
winding No. 2 may also be referred to as the 
X winding. 

4. A neutral lead of a three-phase transformer 
shall be marked with the proper letter followed 
by subscript 0; e.g., Ho, X0, etc. 
NOTE—A lead brought out 'ruin the middle of the winding for 
some other use than that of • neutral lead (e.g.. a 50 per cent 
starting tap) shall be marked as a tap lead. 

5. In case of transformers having a two-wire 
secondary with one terminal grounded, the other 
being ungrounded, the X. terminal should be 
grounded. 

5.115 Diagrammatic Sketch of Connections 

The manufacturer shall furnish with each 
transformer, a complete diagram showing the 
leads and internal connections and their mark-
ings and the voltages obtainable with the various 
connections. This diagram should preferably be 
on a metal plate attached to the transformer case. 

5.3 SINGLE-PHASE TRANSFORMERS 

5.305 Order of Numbering Leads in Any 
Winding 

I. The leads of any winding brought out 
of the case shall be numbered 1, 2, 3, 4, 5, etc., 
the lowest and highest numbers marking the full 
winding and the intermediate numbers marking 
fractions of winding or taps. All numbers shall 
be so applied that the potential difference from 
any lead having a lower number toward any 
lead having a higher number shall have the same 
sign at any instant. (Refer to 5.905, Figs. 1, 2, 
3, 4, 16 and 17.) 

2. If a winding is divided into two or more 
parts for series-parallel connections, and the leads 
of these parts are brought out of the case, the 
above rule shall apply for the series connection 
with the addition that the leads of each portion 
of the winding shall be given consecutive num-
bers. (Refer to 5.905. Figs. 5 and 6. for four or 

more leads brought out; Figs. 8, 9, 10, 11, 20 
and 21 for two or three leads brought out.) 

3. When two leads are brought out of the 
case through one bushing (to minimize induc-
tive effect) the terminals shall be marked in 
accordance with Figs. 16 and 17. When in addi-
tion a lead imIst be brought out from the mid-
point, for three-wire operation, the terminals 
shall be identified in accordance with Figs. 20 
and 21. 

5.310 Order of Numbering Leads of 
Different Windings 

I. The numbering of the leads of the H wind-
ing and the leads of the X winding shall be 
applied so that when H1 and Xi are connected 
together and voltage applied to the transformer, 
the voltage between the highest numbered H 
lead and the highest numbered X lead shall be 
less than the voltage of the H winding. 
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2. When more than two windings are used, 
the same relationship shall apply between each 
pair of windings. 

5.315 Polarity 

When leads are marked in accordance with 
the foregoing rules, the polarity of a trans-
former is: 

L Subtractive when H1 and X1 are adjacent. 
(Refer to 5.905, Figs. 1, 3, 5, 7, 10, 12, 
14, 16, 18 and 20.) 

2. Additive when H1 is diagonally located 
with respect to X1. (Refer to 5.905, Figs. 
2, 4, 6, 9, 11, 13, 15, 17, 19 and 21.) 

3. The same rule applies between the H and 
Y winding, and between the H and Z wind-
ing; i.e., when Y1 or Z1 is on the left when 
facing the Y or Z side of the case, respec-
tively, the polarity is subtractive, and addi-
tive if on the right. 

5.320 Location of Hi Lead 

1. To simplify the connections of transformers 
in parallel, the H1 lead shall be brought out 
on the right hand side facing the highest voltage 
side of the case and other H leads shall be 
brought out in numerical order from right to left. 

2. When the high-voltage winding has only 
one terminal brought out through a rated voltage 
bushing (the other terminal to be grounded) 

the rated voltage terminal shall be designated 
as HI. For polarity marking and testing, the H1 
terminal shall he regarded as located on the right, 
regardless of its actual location. 

Exception-If two alternative positions are pro-
vided for the single rated voltage bushing, the 
two positions shall be identified by terminal 
markings in accordance with paragraph 1. 

3. When the high-voltage terminals are 
brought out through two bushings of different 
insulation levels, the bushing having the higher 
voltage level shall be designated as H1 and shall 
be located on the right hand side facing the high-
voltage side of the case. (Refer to 5.920 and 
5.925.) 

5.325 Parallel Operation 

Transformers having leads marked in accord-
ance with these rules may be operated in parallel 
by connecting similarly marked leads together, 
provided their ratios, voltages, resistances, re-
actances and ground connections are such as to 
permit parallel operation. 
NOTE-In some cases designs may be such as to permit parallel 
operation, although due to a difference in the number of tap leads. 
the leads to be connected together are not similarly marked. 

5.335 Autotransformers 

Single-phase autotransformer leads shall, as 
far as practicable, be marked in accordance with 
the requirements for subtractive polatity. (Refer 
to 5.905, Fig. 7.) 

5.5 THREE-PHASE TRANSFORMERS 

5.505 Marking of Full Winding Leads 

The three leads for each winding which con-
nect to the full phase windings shall be marked 
HI, H2, H3, X1, X2, Xa, Y1, Y2, Ys, etc., 
respectively. 

5.510 Relation Between Highest Voltage 
Winding and Other Windings 

I. The markings shall be so applied that if 
the phase sequence of voltage on the highest 
voltage winding is in the time order HI, Hz, Ha, 
it will be in the time order of X1, X2, X3, and 
Y1, Yi, Ya, etc., on the other windings. 

2. In order that the markings of lead con-
nections between phases of three-phase trans-
formers shall indicate definite phase relations, 
they shall be made in accordance with one of 
the three-phase groups shown in Figs. 1 to 5 in-
clusive, 5.915. The angular displacement be-

tween the H winding and the X winding is the 
angle in each of the voltage vector diagrams 
(Figs. 1 to 5 inclusive, 5.915) between the lines 
passing from its neutral point through H1 and 
X1, respectively. 

3. When more than one low-voltage winding 
is used, the angular displacement between the 
H winding and each of the other low-voltage 
windings is established in the same manner, using 
H1 and Y1; H1 and Z1; etc., respectively. 

5.515 Tap Leads 

I. GENERAL 

Where tap leads are brought out of the case 
(neutral lead excepted) they shall be marked 
with the proper letter followed by the figures 
4, 7, etc., for one phase, 5, 8, etc., for another 
phase, and 6, 9, etc., for the third phase. (See 
Fig. 5, 5.915.) 
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2. DELTA CONNECT ON 
The order of numbe -frig tap leads shall be as 

follows: 4, 7, etc., fran lead 1 toward lead 2; 
5, 8, etc., from lead 2 toward lead 3; and 6, 9, 
etc., from lead 3 toward lead L (See Fig. 5, 
rule 5.915.) 

3. STAR CONNECTION 
The order of numbe .ing tap leads shall be as 

follows: 4, 7, etc., fror a lead 1 toward neutral; 
5, 8, etc., from lead 2 toward neutral; and 6, 
9, etc., from lead 3 toward neutral. (See Fig. 5. 
rule 5.915.) 

5.520 Interphase Gmnections Made Out-
side of Case 

1. \Vhere the interp lase connections are made 
outside the case, the leads shall be marked with 
the proper letter followed by the numbers 1, 4, 
7, 10, etc., for one phase; 2, 5, 8, 11, etc., for 
the second phase; and 3, 6, 9, 12, etc., for the 
third phase. 

2. The markings slid' be so applied that when 
a star connection is made by joining together the 
highest numbered leacs of each phase all rules 
here given apply except paragraph 4 of rule 5.110. 

5.525 Parallel Ope -ation 

Transformers having. leads marked in accord-
ance with the foregoing rules may be operated in 
parallel by connecting similarly marked leads to-
gether, provided their angular displacements are 
the same and provideC also their ratios, voltages, 
resistances, reactances ind ground connections are 
such as to permit para llel operation. 
NOTE-In some cases deigns may be such as to permit 
parallel operation although, lue to a difference in the number 
of tap leads, the leads to b. connected together are not simi-
larly marked. 

5.530 Location of External Leads 

1. "Fo simplify the Nvork of connecting trans-
formers in parallel, the Ha lead shall be brought 
out on the right hand side of the case facing the 
highest voltage side of the case. The H. and H3 
leads shall be brought out so that the three leads 
are arranged in numerical order reading from 
right to left when facing the highest voltage side 
of the case. (See rule 5.930.) 

2. The X1 lead shall be brought out on the 
left hand side of the case facing the X winding 

side of the case. The X., and X3 leads shall be 
brougnt out so that the three leads are arranged 
in numerical order reading from left to right 
when facing the X winding side of the case. (See 
rule 5.930.) 

3. The Y winding and Z winding leads, if 
presert, shall be brought out and numbered in 
the same manner as the X winding leads. 

4. The location of the external leads specified 
in Paragraphs 1, 2 and 3 shall apply to only one 
connection, such as a Y or a delta, of a given 
windi-ag. 

5.7 THREE-PHASE TO SIX-PHASE TRANSFORMERS 

5.705 Basis of Ru es 

The rules for three-phase to six-phase trans-
formers are set up on the basis that the three-
phase winding is alw Lys the Fl winding. 

5.710 Marking of Full Winding Leads 

The three leads i N hich connect to the three-
phase winding shall 1-e marked Ha, H2, H3 and 
the six leads which c inflect to the full six-phase 
winding shall be ma .ked X1, X2, XItt X4, X5t 
Xe. (Figs. 1 to 4 in zlusive, 5.940.) 

5.715 Relation Be tween Three-Phase and 
Six-Phase ‘7indings 

I. The markings ¡hall be so applied that if 
the phase sequence o voltage on the three-phase 

terminals is in the order Ha, H2, }13, it is in the 
time arder X1, X2, X3, X4, Xe, Xe, on the six-
phase terminals. 

2. In order that the markings of lead con-
nections between phases shall indicate definite 
phase relations, they shall be made in accord-
ance with one of the four six-phase groups shown 
in F.gs. 1 to 4, inclusive, 5.940. The angular 
displacement between the three-phase and six-
phase windings is the angle in each of the voltage 
vectcr diagrams from its neutral through Ha 
and Xli respectively. 

5.720 Tap Leads 

Where tap leads from the six-phase windings 
are Drought out of the case (neutral lead ex-
cepted), they shall be marked as follows: 
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(1) Diametrical Connection. Tap leads shall 
he marked from the two ends of each phase 
winding toward the middle or neutral point 
in the following order: 

X7, X13, etc., from X1 toward neutral; 
X 5, X14, etc., from X2 toward neutral; 
Xg, X15, etc., from X3 toward neutral; 
X III. X IG, etc., from X 4 toward neutral; 
X 11, X17, etc., from X 5 toward neutral; 
X1.. X1 5, etc.. from X6 toward neutral. 
(See Fig. 5, 5.940.) 

A tap from the middle point of any phase 
winding, not intended as a neutral, shall 
he given a number determined by count-

ing from X1, X. or X3 and not from X.St 
X5 or X6; e.g., if the only taps brought out 
are 50 per cent starting taps, they shall 
be numbered X 7, X9, and X11. 

(2) Double-Delta Connection. Tap leads shall 
be marked in the following order: 
X7. X13, etc., from X1 toward Xs; 
X8, X14, etc., from X. toward X4; 
X9, X15, etc., from X 3 toward X5 
X10, X16, etc., from X 4 toward X 6; 

XII, X 17, etc., from X5 toward X1; 
X1o, X18, etc., from X6 toward X2. 
(See Fig. 6, 5.940.) 

NOTE—For ota.ting purl...yes it fit generally rushuniary to bring 
out only two taps front one delta and start three.phatte. 

5.9 CONNECTION DIAGRAMS 

5.905 Lead Markings—Single-Phase Transformers 

(The ground connection shown in broken lines applies to single-phase 

Subtrfactive Pokey' ty Adeéhve Poioriry 

11, 

)e, X, "3(2 X, 
Fig./ Fig 2 

Si tip II and X Windings Without Taps 

Sue...lac/eve Poke-ey 

-)r, ?(„3 A4 41 

Fe. 4 

Simple II and X Windings With Taps 

Sub/roctive Poiarity 

H, frf, 

)(i X3 X 2 A 

Fig. 5 

Series Multiple 
X Winding 

Without Taps 

Additive Pokyriry 

H2 

)(4,X, 4,4 x2X, 

t' g 6 

Series Multiple 
X Winding 
With Taps 

NOTE I—The above figures illustrate the application of the 
rules on lead markings to transformers having subtractive and 
additive polarity. 

NOTE II—See rule 1.510 for the terminal letters assigned 
to different types of windings, and rule 1.130 for the signifi-
cance of the subscript numerals. 

installations only.) 
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X1 X2 

F IG. 14 

X2 X 1 
FIG. 15 

AMERICAN STANDARD 

X 1 X2 X3 

F IC.. 8 

X3 X2 X 1 

F IG. 9 

Three-Wire Series Connection 

Transformers having neutral brought out between 
outside leads 

Xi X2 X3 X3 X2 Xi 

FIG.I0 FIG.I I 

Two-Wire Parallel Connection 

XI X2 

F 1G.12 

X2 X 

FIG.13 

Two-Wire Series Connection 

H, 

Two-Wire Parallel Connection 

Suotraeti‘e Polarity 

H H 2 

Additive Polarity 

H1 H2 

X1 X2 
F I G. 16 

X2 X1 
FIG. Ii 

120 Volt Class Connection 

Xi X2 

FIG. le 

X2 XI 
F IC. 19 

Above 120 Volt Class Connection 

X2 X3 X 

F IG.21 

Three-Wire Series Connection 

Transformers having neutral brought out to side 

XI X3 X2 

FIG.22 

X2 X3 X 1 

F IC. 23 

Two-Wire Pa rallel Connection 

Transformers where neutral is brought out to side 

NOTE I—lbs above figures illustrate Ilse application of the rule. on lead markings to transl,rmen having subtractise and additive polarits. 
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VARIAC CONTINUOUSLY ADJUSTABLE TRANSFORMERS - GENERAL RADIO COMPANY 

To obtain high currents at low volt-
ages this connection may be used 
with any Variac. The output from 
the Variac is connected to a step-
down transformer. 

If it is desired to draw full rated 
current from a 230-volt Variac when 
only a 115-volt line is available 
these connections can be used. The 
auxiliary step-up transformer is 
used to supply input to the Variac 
at its rated voltage. Maximum cur-
rent can be drawn at maximum output 
voltage. 

This connection is a variation of 
the method shown above. The auxil-
iary step-up transformer is used on 
the output side of the Variac. This 
system is partioularly useful when 
the output voltage is too high to H5v 
be handled by the Variao. The out- LINE 
put power available, for a resistive 0 
load, will be the volt-ampere rating 
of the Variac multiplied by the 
efficienoy of the auxiliary trans-
former. 

4 

3 
2 

'1 

OUTPUT 
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VARIAC CONTINUOUSLY ADJUSTABLE TRANSFORMERS - GENERAL RADIO COMPANY 

To obtain 230 volts from a 115-volt 
line a 230-volt Variac can be con-
nected as shown. The Variac acts as 
a 2-to-1 step-up transformer with 
output voltage continuously variable 
from 0 to 230 volts. In this case 
the current which can be safely 
drawn at the highest voltage is one-
half the rated current. 

115 v 

LINE 

4 

3 

0-230v 

These connections allow drawing rat-
ed current from the Variac at volt-
ages above rated output voltage. The 
auxiliary transformer gives maximum 
voltage desired. Secondary taps give 
voltages, between adjacent taps, not 
greater than rated voltage of the 
Variac. With suitable switches the 
Variac can be connected from tap to 115 v 

tap and the output voltage can be LINE 

varied from zero to maximum without 
interruption of the circuit. With 
terminal 1 connected to tap e and 
terminal 5 connected to tap d, rota-
tion of the brush of the Variac in-
creases the output voltage from 0 to 
115 volts. If terminal 1 then is 
switched to tap c and the brush is 
rotated in the opposite direction, 
the output is raised from 115 to 230 
volts. Finally, when terminal 1 is 
switched to tap a and terminal 5 to 
tap b, the output voltage is vari-
able from 345 to 460 volts. When 

460v 
output voltage is high it is advis-
able to insulate the Variac from 

age breakdown. 
ground to eliminate danger of volt-

-10 13 

d 

e 

2 
3 

4 

3 

0-460 v 
OUTPUT 

E 
e 

 Oc 

 od 

5 

4 
3 

I (:)— 

0-460v 

OUTPUT 

oe 
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With 3 ph. power at a, check forward thru b, c, d, and e. 
If 3 ph. power is not shown at a, check backward thru 

1)1, ci, dl, el, fl, gl, hl, il, and 
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Design Data for Tesla Coil - Experimental apparatus 
for developing high-voltage, high frequency energy. 

6" COPPER BALLS 

THE SECON DARY CONSISTS OF 1000 TURNS HIGH VOLTAGE 

OF NO. 24 D.C.C. WIRE, SPACE WOUND CABLE 

ON A FIBRE TUBE 12-x‘I L 6". THE 

ENTIRE COIL SHOULD BE. GIVEN A 

COAT OF SHELLAC OR COLLODION. 

THE PRIMARY CONSISTS OF 10 TURNS 

OF Vz" COPPER TUBING, SPACÏ: WOUND 

ON A WOODEN DRUM 11. 12". THE. 

PRIMARY 15 MOUNTED ON *7" PYREX 

INSULATORS. 

A FLEXIBLE LEAD AND CLIP IS USED 

TO VARY THE NUMBER OF PRI. TURNS. 

1=Z:. 

A ROTARY SPARK GAP 

WILL GREATLY IMPROVE THE 

O PERATiON 

fr ^ 
SEC.-

K-VA. TRANSFORMER. 
7 

PR 1 .-

CONDENSER 
SPARK 
GAP 

4.-6" 

  - C-2." DIAM. 

2'-8"DIAM. 

1.13 
C.  

_º. 
-G-

7" 

o  

TRANSFORMER DETAILS. 

CORE - 40 LBs, OF IRON. 

- 130 TURN Iti4 5.c.E. 

WIRE. 2 Ltls. 

SEC.-29,50o T. 4t* 34 S.c.E. 

WIRE. 5L85. 
PRI -110E. SEC.- 25,000E. 

THE CONDENSER CONSISTS OF 48 SHEETS 

.005" BRASS SEPARATED BY DOUBLE STRENGTH 

GLASS SHEETS AND ASSEMBLED INA THREE 

CELL AUTO BATTERY CASE FILLED WITH 

TRANSFORMER OIL. DETAILS OF UNIT 

FOR ONE CELL ARE SHOwN AT THE RIGHT. 

IMPROVED PERFORMANCE MAY SOMETIMES BE 
OBTAINED BY INCREASING OR DECREASING THE 

NUMBER OF PLATES. THE BEST ARRANGEMENT 

WILL BE FOUND BY TRIAL. 

COYNE ELECTRICAL SCHOOL. 

THE 3 CELLS ARE 
CONNECTED IN 

PARALLEL. 

61/4 " 

— 4' I 

512:. 

PLATES. 

DETAILS OF ONE. CELL. BRASS PLATE. 
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How General 

While there are a number of dif-
ferent ways in which an electric 
motor can be rated, the usual prac-
tice is to rate a motor in terms of 
horsepower output. For example, a 
certain motor may have a rating 
of lho 

First of all, let us define our unit. 
One horsepower is a unit of power 
about equal to the rate at which a 
strong horse can work for a shott 
period. It was first used by in-
ventor James Watt, who applied it 
to his steam engine in order to be 
able to compete directly with the 
horses being used for power in the 
mines of his day. Numerically, it 
is equal to 33,000 foot-pounds of 
work per minute. Thus, a motor's horsepower is a measure 
of the work it is capable of doing over a period of time. 

A motor's horsepower rating depends upon two things: 
the torque (turning effort) of the motor and its speed. 
If torque is expressed in lb-ft, the formula is: 

Horsepower — .00019 x torque x rpm 

Now, we know that any motor is capable of carrying a 
load, for a short time at least, far in excess of its rated 
capacity. A 1/4 -hp motor will not stall if we force it to 
do slightly more than Y4 hp of work. What is to pre-
vent a motor manufacturer from putting a 1/45-hp rating 
on what should be a 1/2 0-hp motor? 

To prevent arbitrary ratings being assigned, certain 
standards have been set up for the National Electrical 
Manufacturers Association. General purpose motors must 
be so designed that the temperature rise of a ventilated 
motor carrying its rated load will not exceed 40 C.* 
This temperature rise is based on ambient (air) temper-
ature being not more than 40 C,** and voltage and fre-
quency must also be uniform. 

Even without the NEMA standard, temperature rise 
would still be an automatic limiting factor. If the motor 
windings exceed certain temperature limits, the insulation 
deteriorates or burns out. Thus, the main effect of the 
NEMA rule is to standardize motor ratings so that the 
purchaser of a motor will know what to expect from it. 

Constant-duty motors—that is, motors which operate 
continuously—reach their maximum temperature in 
two or three hours. The same motor operating inter-
mittently, on the other hand, will cool off between runs 
and never reach this maximum temperature. Intermittent-
duty motors, therefore, can be given a higher rating than 
constant-duty motors. They are limited by the same 
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Typical characteristic curves of a fractional horsepower 
motor, showing horsepower output, speed, and motor current. 

temperature rise, but reach this 
Lei temperature in a shorter time. 
î When it is known, for example, 
20 

that a motor will not be used more 
than 30 minutes at a time, with 

to sufficient idle time for cooling, it 
can be rated higher than if it were 

12 used in constant duty. 

The type of frame also affects 
the rating of a motor. Totally 
enclosed frames are used to pre-
vent dirt, dust, or harmful gases 
from entering. In such motors. 

o the heat developed is not carried 
away as quickly as in open type 
frames. Therefore, NEMA per-
mits a temperature rise of 55 C-
in totally enclosed motors. 

In order that general purpose motors made by differen: 
manufacturers may be easily compared, NEMA publishes 
standard horsepower ratings to which most manufacturers 
conform. Some of these are: 1/20, 1/45, 1/12, 1/8, 1/6, and 1/4 
horsepower. Standard speeds are also recommended by 
NEMA. For constant-speed motors, these are: 1140, 1725, 
and 3450 rpm. For very small motors, 1725 rpm is 
sometimes preferable. Standard voltages in use today 
are 115 and 230 volts single-phase, and 220 volts three-
phase. Standard frequencies are 25 and 60 cycles.per 
second, with the latter in almost universal use. 

Even though two motors have similar ratings, the 
torques they develop at starting, during acceleration, or 
during the running period may differ greatly. To prevent 
wide differences, certain minimum values of torque have 
been recommended by NEMA for a given type of general 
purpose motor of a given horsepower. 

Another important limitation is the locked-rotor cur-
rent rating. To prevent undue fluctuations in distributicn 
line voltages, most power companies will not tolerate 
motors of 1/6 hp or smaller which draw more than 20 
amperes locked current on 115 volts. This is in accordance 
with NEMA standards. 

In addition to such limitations, NEMA sets a definite 
minimum value for the efficiency and power factor of d f-
ferent types of motors at 1/2, 3/4, and full load. 

Sometimes manufacturers build motors for which no 
standards exist, especially in the lower horsepower ratings. 
In these cases, reputable manufacturers make a practice 
of paralleling as closely as possible the standards for rat-
ings listed. 

*40 C rise is equivalent to 72 F rise. 
*540 C ambient temperature is equivalent to 104 F. 
t55 C rise is equivalent to 99 F rise. 
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How Special Purpose Motors are Rated 

On the preceding page of the Motorgram there is a 
brief discussion on rating general purpose motors. In that 
article it is brought out that the National Electrical 
Manufacturers Association have set up certain limiting re-
quirements of temperature rise, speed, torque, efficiency, 
and power factor for general purpose fractional horsepower 
motors, with which all NEMA manufacturers comply. 
!iodine general purpose motors meet or exceed these 
NEMA standards. 

What do NEMA standards mean to the purchaser of 
motors? They are a guarantee of performance and an aid 
in comparing competitive equipment. When a user pur-
chases a motor made by a NEMA manufacturer, he is 
assured that it will do certain things. It will have a given 
minimum rating, torque, efficiency, etc., and will not ex-
ceed the standard temperature rise. But, while the mini-
mum requirements are guaranteed, NEMA does not limit 
the maximum characteristics. A manufacturer can, if he 
believes it desirable, give the buyer extra benefits in in-
creased operating characteristics. NEMA standards can-
not be used, therefore, as a measure of the value of a motor. 

Then too, just because a standard general purpose motor 
will meet NEMA requirements is no guarantee that it will 
suit the individual requirements of a job. For example, a 
motor may develop the necessary power for a specific appli-
cation and remain within the NEMA limits on tempera-
ture rise, but the presence of a noticeable magnetic hum 
may be objectionable. Under these conditions, a larger 
frame size may be used so that the saturation of the 
iron is cut down and the motor operates more quietly. 

For some applications, the standard 40 C temperature 
rise is too high for proper lubrication of the ball bearings. 
In order to get maximum life out of ball bearings, they 
should operate at temperatures below 72 C (160 F). 
If the room temperature is high, the operating bearing 
temperature may be excessive. Special ball bearings or a 
motor with a large frame may be necessary. 

There are many other applications in which high motor 
temperatures are not permissible. If the motor is to be 
located close to a person, the comfort of that individual 
may be the limiting factor. Heat-sensitive instruments 
mounted nearby may be affected by high motor tempera-
tures. In such cases, a motor with a larger frame is needed. 

The speed regulation of a general purpose NEMA motor 
may not be satisfactory, or the starting torque require-
ments may be so severe that a standard motor will not do. 
Likewise, the starting current, breakdown torque, or some 
other characteristic of a NEMA general purpose motor 
may not be suitable. 

To fit such needs, "special purpose" motors must some-
times be built. NEMA defines a special purpose motor as 
one "specifically designed and listed for a particular power 
application, where load requirements and duty cycle are 

definitely known." Special purpose motors are usually 
built to order. By meeting the exact requirements of the 
load, they provide satisfactory performance without ex-
cessive bulk or weight, although cost must be higher. 

It is possible to do many things with special purpose 
motors that are beyond the capacity of general purpose 
motors. Yet, it must be understood that getting one 
special characteristic usually means sacrificing another. 
For example, high starting torque can be built into a motor 
at the expense of efficiency, or vice versa. Unusually high 
speeds will step up the horsepower of a motor for a given 
torque and a given frame size, but the life of the bearings 
may be decreased. In a fan motor it is important to have a 
high breakdown torque. Yet the locked-rotor torque nec-
essary in a fan motor is practically negligible. Special 
purpose motors for fans, therefore, are built to give a high 
breakdown torque at the expense of locked-rotor torque. 

In general, it can be said that general purpose motors are 
built to meet most of the ordinary requirements and are 
so balanced that no one characteristic is sacrificed in 
order to gain another. Only by knowing the exact re-
quirements of the job is it possible for a motor manu-
facturer to design a motor to do exactly what is wanted. 
Unless the manufacturer has this complete information, 
he hesitates to design for special characteristics in fear 
of encountering trouble at other points. 
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Performance curves of a typical general purpose motor (dotted line) and 
special purpose motor (solid line) of the same frame size. In the special 
purpose motor, higher starting torque and greater output were necessary. 
Because the motor was to be used for intermittent duty, a higher temperature 
rise than NEMA standard could be tolerated. The special purpose motor, 
therefore, was designed to give higher starting torque and greater horse-

power ois! put. 
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CHARACTERISTIC CHART 
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A.G. trele> g> 111* Jit' g> et> g> 

D.C. 

A.C. or D.C. Er 
, 

DUTY —I 
CONTINUOUS e> el> g> g> gl> g> tr> g> efike• 

INTERMITTENT 

ROTATION 

UNIDIRECTIONAL 

REVERSIBLE 
AT REST ONLY e)1' e211' el> 

REVERSIBLE AT REST 
or DURING ROTATION et> 

SPEED 

CONSTANT FIXED 

CONSTANT ADJUST. g> g> 

VARIABLE et> 

STARTING TORQUE 

LOW g> Fl> e> 

NORMAL 

HIGH g> 

STARTING CURRENT 

LOW CO_ et> 1D404. 

NORMAL 
(g> g> g> g> g> eirâ''• geje• 

t u r,. 

*Starting torque high for series motors with normal speed ratings of 7500 R.P.M. or more. 

tStarting current appreciably lower ihan for split•phase motors. 
Special eharaeteriatie• available at additional eharge. 
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WIRING DIAGRAMS 
The following connection diagrams are those used with standard windings of the types indicated. 

Special connections are available with special windings. Consult Bodine engineers for windings 

tailored to your requirements. 

SPLIT PHASE AND SYNCHRONOUS 
SPLIT PHASE 4 LEAD REVERSIBLE 

CAPACITOR AND SYNCHRONOUS 

CAPACITOR 4 LEAD REVERSIBLE 

THREE PHASE AND SYNCHRONOUS 
THREE PHASE 

LINE LINE 

SHUNT WOUND 4 LEAD REVERSIBLE 

CAPACITOR STAR!' 4 LEAD 

REVERSIBLE 

LINE 

SHADED POLE 2 LEAD NON-

To lino 

REVERSIBLE 

Electric. 
governor 
contacts 

Connect condenser 
and resistance 
across leads as 
indicated 

Condenser.-/-
Rosistanco 

GOVERNOR CONTROLLED SERIES 

WOUND 4 LEAD NON-REVERSIBLE 

COMPOUND WOUND S LEAD 
REVERSIBLE 

.ROT. 

CAPACITOR AND SYNCHRONOUS 
CAPACITOR 3 LEAD REVERSIBLE 

LINE 

-J 

SERIES 2 LEAD NON-REVERSIBLE 
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WESTINGHOUSE e ecie 
Select THIS TYPE OF 

HREE maier requirements must lie met in select-
. ing your motor: 

I. SIZE 1 he motor must be hg enough. The 

rating must he sufficient to start the driven 
machine and handle its running load. 

2. POWER SUPPLY The motor must fit >our 
power suppi>. ou must know whether your 
current is AC or DC; number of phases and cycles: 
voltage. 

3. OPERATING CONDITIONS—Location of motor 
must be considered, as to the presence of dust, 
explosive and corrosive gases and normal of 
abnormal moisture. Consider whether conditions 
call for special splash-proof, dust-tight or explo-
sion-proof enclosures. 

Requirements which must be met in selecting your 
control are: 

I. Manual or magnetic starter. 

2. Reversing or non-reversing starter. 

3. The motor specifications voltage, frequency., 
horsepower, speed, phases. 

4. Starting only or speed control. 
This drise selector table is offered as a ready, approximate 

guide to the selection of Westinghouse motors and control. 
Naturalli. the most tu nenni installations result !rani care-

ful engineering stud% of all lectors. Westinghouse engineers 
.611 insist on any application problems. 

FOR MANUAL CONTROL 

Non-Reversing 
—Across-the-Line Starting 

(Overload Protection) 

POLYPHASE 
LINESTART CLASS 1 (CS AND (SP) (NEMA Class B) 

FOR 80 OF INDUSTRY'S DRIVES 
Linestart Class II (CS) 
(NEMA CLASS C) 

The All Around Motor (suitable for the 
large majority of polyphase alternating 
current applications). Meets Low Start-
ing Current Requirements 

TYPICAL INDUSTRIAL 

Blowers 
BottlIng Machines 
Bottle Washers 
Buffers 
Capping Machines 
Compressors 

'unloaded start 
Concrete Mixers 
Crushers 
Dish Washers 

Drill Presses 
Fans 
Feed Grinders 
Feed Mixers 
Grain Separators 
Grinders 
Hammer Mills 
Hay Balers 
Irrigation Pumps 
lordans 

Lathes 
Lineshafts 
Machine Tools 
Motel Grinders 
Milking Machines 
Planers 
Polishers 
Pulp Grinders 
Pumps centrifugal 
Roll Grinders 

Saws 

Screw Machines 
88apors 

Spinning Machines 

Stokers 

Woodworking 
Machines 

Weaving Machines 

For Heavy Starting Duty 
Drives such a,. 

Compressors 
'without unloader, 

Heavy Conveyor, 
Rectprocating Ponies 

or other applications 
requiring high starting 
duty. 

GENERAL 

Normal starting 'effort) torque up to 150' 
of full load teffor1 

3 HP.. 1800 rpm. and smaller, high starting 
effort - 200-250—,, of full load effort. 

Low starting current. no more than 5 to 
times full-toad current. 

Full voltage starting sizes 1-200 HP. 
Standard open trame. 
Standard voltages 208, 220. 440, 580. 2200. 
Standard frequencies 25, 50 and 60 cycles. 
Two or three phase 40•C rise continuous open' 

trame, 5cPc rise continuous splash-proof 
frame. 55°C rise continuous totally enclosed 
fan-cooled. 

Constant Speed. 

All standard speeds available. 

Available with sealed sleeve or ball bearings. 

Lowest operating cost. 

No wearing parts except shaft and bearings. 

Requires simplest and least expensive con-
trol and circuit protective device. 

Can operate continuously at full rated load 
without undue beating. 

Standard 220 volt motors operate satisfac-
torily on 199 or 208 network voltages for 
normal starting effort. 

High Startling Torque up 
to 250 , of full-load. 

Low starting current. 
All standard speeds avail-

able 3 to 150 HP. 
Standard frequencies-25, 

50 and 60 cycles. 
Standard voltages 208, 

220, 440, 550 and 2200. 
2 and 3 phase. 
all.0 rise continuous, open 
frame types. 

Other features similar to 
General Purpose Class 1 
Motors. 

With THIS ie TYPE OF 

Manual Starters' Type DoW "De-ion": Molar Watchman; up to 7 HP. Class 11-103 

—Reduced Voltage Starting 

(Low Voltage Protection) 

—Speed Adjustment 

(Low Voltage Protection) 

Reversing: 

—Across-the-Line Starting 

Autostarter overload protection. Class 1D-713 

Sanie as Class I 

Na 

No 

Drum Switch, Class 10-300 to 15 HP. 

—Speed Ad justment Na 

No 

Same as Class I 

Na 

FOR MAGNETIC CONTROL 
Non-Reversing 
—Across-the-Line Starting 

—Reduced Voltage Starting 

Lineal:artier. Ciass 11-200, Combination Linestarter Class 11-206 Same as Class I 

Class 11-400 Restetance Type Starter to 50 HP : 
Class 11-800 Autotrandormer Type above 50 HP. 

Reversing. 

—Across-the-Line Storting 

Linestarter, Class 11-200; Combination 11-216 

—Reduced Voltage Storting 
Class 11-410 Resistance Type Starter to 50 HP.; above 50 HP. special 

Na 

Sanie as Class I 

No 

CIRCUIT PROTECTION Rohn° "De-ion- ClfClàél Breaker or SatetY Switc 
Same as Caso I 
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-ledee SELECTOR • 
MOTOR 

• e • 

A-C 
HIGH SLIP (CS) 
(NEMA CLASS D) 

SERVICE APPLICATIONS 

REPULSION-
INDUCTION 

CRP & CU Single o 

DIRECT CURRENT 
Constant or Variable ADJUSTABLE 

Speed (SK) SPEED (SK) 

For High Peak Load or Fly-
wheel Drives such as: 

Cranes 
Elevators 
Hoists 
Punch P  
Shears 

For Adjustable Varying 
Speed Drives contin-
uous duty such as: 

Blowers 
Conveyors Fans 
Crushers Pumps 
or for any alternating 

current application 
where variable speed 
is needed. 

For Intermittent Service. 
Variable Speed.Heavy-
Duty Drives such as: 

Cranes 
Hoists 
Bending Rolls 
Lift Bridges 
Bascule Bridges 
RR Turntables 
Transfer Tables. etc. 

Heavy Starting Duty for 
Drives such a-: 

Blowers; Compressors 
Fans 
Farm Machinery 
Household Appliances 
Pumps: Shop Tools 
Stokers, etc. 

For use in home, shop or 
store sizes up to 7 HP 

For Constant or Variable 
Speed Drives such as• 

Blowers 
Compressors 
Fans 
Pumps 
LineshaftIng, etc. 

For Drives Requiring Wide 
Speed Range or Accur-
ate Sneed Adjustment 
such as. 

Machine Tools 
Planers 
Paper Machines, etc. 

DESCRIPTION 

Motor speed drops off as 
load increases, permitting 
use of stored energy of a 
flywheel. 

Heavy starting torque - up 
to 300 . of full-load. 

Other features sanie as 
General Purpose Line-
start Class I. 

Adjustable-varying speed. 
Heavy starting effort. 
Extremely low starting cur-

rent with high starting 
effort for either constant 
or variable speed. 
to 200 HP.. 2 to 3 phase. 
25. 50 or 60 cycles, all 
standard speeds avail-
able. 

'‘.‘• to 200 HP. 
2 or 3 phase. 
25. 50 and 60 cycles. 
208. 220. 440. 550 volt,. 
For plugging reversing ser-

vice and heavy intermit-
tent duty. 

Develops high starting 
torque with low starting 
current. 

50'C open. 55'C enclosed. 

Type FH Split Phase, 
HP. 

Type Fi Capacitor start 
'simple and foolproof. 

', HP. 
Type CR Repulsion Start - 

Induction Run ', 3 HP. 
Type CU Repulsion Induc-

tion 5 7. HP. 
Available for 110 or 220 

volts. 25, 50 or 60 cycles. 

CONTROL 

SHUNT-WOUND: for con-
stant or variable speed 
drives; good starting 
MWMA. 

COMPOUND-WOUND: 
for varying speed; high-
starting torque. 

SERIES-WOUND: varying 
speed: very high starting 
torque of full-load. 

All Types • to 200 HP.: 
115. 230 or 550 volts: 
continuous or intermittent 
service: 580 to 1750 rpm. 
40'C continuous. 

Speed adjustable over a 
wide range by means of 
held control. 
• to 200 HP. 
1 i5 or 230 volts. 

Sams as Class I No Motor W atchman 

SENTINEL BREAKER 
Up to 1 HP. 
Class 10-023 
Manual Starters 
Type DnW "De-ion-

D Manual Starters Type 
nW " De-ion - Motor 
Watchman Up to 2 HP. 

No 

Ne 

Rheostat Class 12-012 up 
to 25 HP. Drum 

Con troller Class 12-3000 
Linestarter Class 11-200 

for primary contro I 

Rheostat Class 10-030 Rheostat Class 7010 No 

No 

Rheostat Class 12-016 us) 
to 25 HP. Drum 

Controller Class 12-300 
Linestarter Class 11-200 

for primary control 

No Rheostat Class 7310 Rheostat Class 7210 

Same as Class I . rip No Drum Switch Class 10-300 
Up to 2 HP. 

Drum Controller Class 8300 

No 

Ne 
Drum Controller Class 

12-700 No Drum Controller Class 8110 

Same «Class I 

Combination Uneaten« 
Class 11-206 

in c•mbination with 
Secondary Controller 

Uneaten's. Clam 11-
200 Ne No 

Special 
Resistance Type Starter 

Clam 13-100 Special 
Timestarters Classes 8512, 

8513, 8522 
Timestarter Classes 8512, 
8513. 8522 and Field Rheostat 

No Saine as Class I No Linestarter, Class 11-210 Linestarter Class 8503 

Special Special No 
Timestarters Classes 9013, 

9022 
Timestarter Classes 9013, 
9022 and Field Rheostat 

Same as Class I Same as Class I Nofuze Flipon or Safety 
Switch 

Same as Class I Same as Class I 
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SELECTING THE 

HORSEPOWER REQUIREMENTS—The horsepower requirements 
of the driven machine can usually be determined from one or 
more of several sources as listed below: 

1. By Test—Actually load the machine, duplicating con-
ditions under which it will normally operate. The watts can 
then be measured with an industrial analyzer or other instru-
ments. 

2. By Careful Comparison—By comparing the machine 
to be driven with known power requirements of similar ap-
paratus. This method should only be used when tests are not 
practical. 

3. By Accurate Calculations—Use factual information 
or power requirements for specific operations (such as the 
horsepower per cubic inch required at the tool to remove 
metal of specified analysis in specified time). 

4. By Nameplate Information—On some machines, 
the manufacturer stamps the motor horsepower required on 
the nameplate of the machine. 

5. Determination of Root-Mean-Square Horsepower— 
Many machines work on a definite duty cycle that repeats at 
regular intervals. Often this horsepower value occurs during the 
cycle when the values of power required and the length of their 
duration are known, and the rating of the motor required can be 
calculated by the RMS method. 

Multiply the square of the horsepower required for each part 
of the cycle by the time in seconds necessary to complete that 
part of the cycle. Divide the sum of these results by the effective 
time in seconds to complete the whole cycle. Extract the square 
root of this last result. This gives the RMS horsepower. If the 
motor is stopped for part of the cycle, only 13 of the rest period 
should be used in determining the effective time for open motors 
(enclosed motors use 1/2  of the rest period). This is due to the 
reduction in cooling effect when the motor is at rest. 

Example: Assume a machining operation where an open 
motor operates at 8 Hp. load for 4 minutes, 6 Hp. load for 50 
seconds, 10 Hp. load for 3 minutes and the motor is at rest for 6 
minutes, after which the cycle is repeated. 

I(82x 240) + (62x 50) +(102x 180) 
,\ RMS Hp. = 240 + 50 ± 180 + 360 

3 = V59.5 =7.7 Hp. 
Use 7.5 Hp. Motor. 

Note: For fast repeating cycles involving reversals and de-
celeration by plugging, the additional heating due to reversing 
and external WR2 loads must be taken into consideration, and a 
more elaborate duty cycle analysis than shown above is re-
quired. 

In addition to determining the horsepower rating with regard 
to heat capacity, a check should also be made to assure that 
the peak loads, even though of short duration, imposed by the 
driven machine do not exceed the maximum power the motor 
will develop without stalling. From table under "Locked Rotor 
and Maximum Running Torque Values", determine the maxi-
mum torque in ternis of full load torque. This value should 

CORRECT MOTOR 

always exceed peak torque imposed by the duty cycle. Pre-
ferably, this should be at least 25' ; greater in order to com-
pensate for unusual conditions, such as low voltage, high 
friction, etc. 

STARTING CURRENT (Locked Rotor)—The table below shows 
representative starting (locked rotor) currents for Linestart 
Class I Type CS Motors. When exact values are needed, refer 
to the nearest Westinghouse District Sales Office. 

HORS E• 
POWER 

1.5 
2 
3 
5 
7.5 
10 

LOCKED ROTOR 
AMPS. AT 220 

VOLTS 
HORSE-
POWER 

LOCKED ROTOR 
AMPS. AT 220 

VOLTS 

25 
35 
43 
60 
88 
120 
150 

15 
20 
25 
30 
40 
50 

225 
285 
250 
420 
585 
735 

SLIP—At no load, the induction motor runs at practically syn-
chronous speed. With a load, the motor is below synchronous 
speed by a percentage known as the slip. For example; if the 
synchronous speed is 1800 Rpm. and the full load speed 1700 
Rpm., the slip at full load is 51.:tc/0 (slip is synchronous speed 
minus full load speed divided by synchronous speed). 

The slip of any induction motor depends on the voltage drop 
in the secondary circuit, i.e. on the rotor resistance times the 
current. The greater the rotor resistance, the higher is the 
starting torque with a given current. The greater the slip, the 
greater the losses and the lower the efficiency. 

Comparison of the average performance of the 3 most commonly 
used types of squirrel cage induction motors. Type CS. 30 Hp. and 
smaller. 

TORQUE—The selection of the correct motor type should also be 
based on torque requirements. There are two kinds of torque 
that must be considered in a motor—the starting torque and 
the pull-out torque. Motor torque must be balanced against 
efficiency and power factor. Excessive starting torque results 
in low efficiency, low power factor, and poor speed regulation. 
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GEARMOTORS 

APPLICATION DATA 
AGMA CLASSES I, II, III 

APPLICATION 

8 TO 
10 
H R. 
S E R • 
VICE 

24 
HR . 
SER- 
VICE 

APPLICATION 

8 T 0 
10 
HR. 
SER - 
VICE 

24 
H R. 
SER- 
VICE 

APPLICATION 

8 T 0 
10 
HR. 
SER- 
VICE 

24 
HR . 
SER-
VICE 

AGITATORS DREDGES—Continued OIL INDUSTRY 
Pure liquid   I II Screen drive   In Ill Oil well pumping (not 
Variable density  H II Stackers   H II over 150% peak torque). III III 

BLOWERS Utility winches  H H Refineries 

Centrifugal   I II ELEVATORS Chillers   
Paraffin filter press  

II 
II 

II  
II 

Lobe  II II (Conveyor Type—same as Rotary Kiln  II II 
BREWING & DISTILL- 

ING 
conveyors)Freight   

Passenger  
II 

III 
II 

III 
PAPER MILLS 

Bottling machinery  I H Agitators (mixers)  II 
Brew kettles, continuous FANS Bleachers  II 
duty  II II Centrifugal  I H Beaters and pulpers  III 

Cookers, continuous duty. II II Cooling towers   II II Calenders   III 
Mash tubs, continuous duty II H Large (mine, etc.)  II III Conveyors   II 
Scale hopper (frequent Light, small diameter  I H Couch  III 
starting peaks)  H n FOOD INDUSTRY 

Cylinders  
Dryers  

II 
III 

CAR DUMPERS  H III Beet slicers  H II Felt stretchers  II 
CAR PULLERS  II III Cereal cookers   

Dough mixers   
I 

II 
II 
II 

Jordan!,  
Presses   

III 
III 

CLARIFIERS   I 
„ 
"  Meat grinders   H II Stock chests   III 

CLASSIFIERS   II II HOISTS—See CRANES Suction rolls  III 
Winders   II 

CLAY WORKING MA- LAUNDRY WASHERS. H H 
CHINERY 

Brick press  III III LAUNDRY TUMBLERS H II RUBBER INDUSTRY 
Mixer   III III 

Briquette machine  III III LINE SHAFTS Calenders  II III 
Clay working machinery.. II II Driving processing equip- Mills   III III 
Pug mill  II H ment  H II Sheeters   III III 

COMPRESSORS Other line shafts  I II Tire building machines.... II II 

Centrifugal   I II MACHINE TOOLS Tire and tube press openers I I 

Lobe   II II Punch press (gear connect- 
Tubers or strainers  H II 

Reciprocating — Multi-Cyl- 
inder — Adequately fly- 

cd to load) and shears.... 
Notching (belt driven) 

III 
I 

III 
II 

PUMPS 

wheeled (within 3% cyclic 
press 

Plate m m Centrifugal — with surge 
variation)   

Reciprocating —Single cyl- 
n” , 
neon 

.I", to 
planers   

Other machine tools—main 
drives  H H 

tanks or equivalent  
Centrifugal—without surge 

I II 

inder  Fac °I"' Auxiliary drives (Feed- tanks  H II 

CONVEYORS Traverse, etc.)   I ii Gear and rotary—constant 
density fluid  I II 

(Uniformly loaded or fed) METAL MILLS Gear and rotary—variable 
Apron   
Assembly   

I 
T 
1 

II 
" 

Draw bench carriage and 
main drives   III III 

density fluid  
Proportioning pumps  

II 
H 

II 
III 

Belt   I II Forming machines  III III Reciprocating—with open 
Flight   I II Pinch, dryer and scrubber Refer to discharge  I II 
Oven   I H rolls (reversing)  Factory Reciprocating — multi•cyl• 
Screw  I II Slitters   III III .inder, double acting  II II 

CONVEYORS  Small rolling mill drives... III III Reciprocating — single-cyl- Refer to 
Factory 

(Heavy duty or dual drive 
Table conveyors (non 

 II II 
inders  

—not uniformly fed) 
reversing)  

Table (reversing) Refer to SEWAGE DISPOSAL 
Apron  II II 

conveyors 
Factory EQUIPMENT 

Assembly  II H Wire drawing and flatten- Inside service   I II Belt   
Flight   

H 
II 

II 
II 

ing machines  HI III 
SCREENS 

Oven  
Screw  
Reciprocating   

II 
II 

III 

II 
H 
III 

MILLS (ROTARY TYPE) 
Ball   
Cement kilns  

HI III 
III 

Rotary—stone or gravel... 
Traveling water intake . ... 

II 
I 

II 
I 

Shaker   III III Dryers and coolers   II TEXTILE INDUSTRY 

CRANES & HOISTS 
Main hoists—medium duty 
Main hoists—heavy duty.. 

II 
III 

H 
HI 

Hammer  Kilns 
Pebble   
Rod 

III 
II 
II 

III 

III 
III 
III 
III 

Batchers  
Calendars   
Card Machines   

II 
II 
II 

II 
II 
III 

Skip hoists  II H Tumbling barrels   III III 
Dry cans   II II 

Travel motion  II II Dyeing machinery  II II 

Trolley motion   II H MIXERS 
Concrete mixers—contin- 

Looms  Refer to 
Fac ory 

DREDGES uous duty  u u mangles   II II 
Cable reels  H H Concrete mixers — inter- Nappers   II Il 
Conveyors   II II mittent duty  I Soapers   II II 
Cutter head drives   III III Constant density   I II Spinners  II II 
Jig drive   III III Irregular density   II II Tenter frames  II II 
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SPLIT PHASE MOTORS • GENERAL PURPOSE—TYPE FH 

For Single-Phase applications where medi-
um starting and breakdown torques are 
sufficient. Low starting current minimizes 
light flicker, making motors very suitable 
for such frequent starting applications as 
oil burners, office appliances, fans and 
blowers. Available with rigid or resilient 

mounting. Reversed by changing terminal 
block connections. 

HORSEPOWER- 1/20 to % 

PHASE—Single 

CYCLES-60, 50, 25 

VOLTS-115 or 230 

SPEEDS—Approximate Full Load Rpm. 
60 Cycles-3450, 1725, 1140, 860 
50 Cycles-2850, 1425, 960 
25 Cycles-1425 

SPLIT PHASE MOTORS • 

For Single-Phase applications where high 
starting and breakdown torques are 
needed, where starting is infrequent and 
where starting current in excess of NEMA 
values is not objectional. Ideal for wash-
ing machines, ironers and home work-
shop machines. Available with rigid or 
resilient mounting. Reversed by changing 
terminal block connections. 

HIGH TORQUE—TYPE FHT 

HORSEPOWER- 1/6, Va, 

PHASE—Single 

CYCLES-60, 50, 25 

VOLTS-110 or 220 

SPEEDS—Approximate Full Load Rpm. 
60 Cycles-1725 
50 Cycles-1425 
25 Cycles-1425 

CAPACITOR-START 

All-purpose Single-Phase Motors for extra 
high starting torque, low starting current, 
quietness and economy. High efficiency 
and power factor. Ideal for compressors, 
pumps, stokers, refrigerators and air 
conditioning equipment. Dual voltage in 
all but % and % Hp. 4-pole sizes. 
Available with rigid or resilient mounting. 
Reversed by changing terminal block 
connections. 

MOTORS • TYPE FJ 

HORSEPOWER—V6 to 34 

PHASE—Single 

CYCLES-60, 50, 25 

VOLTS-115 or 230 for 14 Hp. 4-pole and 

smaller; larger sizes are 115/230 Dual 
Voltage. 

SPEEDS—Approximate Full Load Rpm. 

60 Cycles-3450, 1725, 1140, 860 
50 Cycles-2850, 1425, 960 
25 Cycles-1425 

POLYPHASE MOTORS—TYPE FS 

For all applications where polyphase cir-

cuits are available. Squirrel-Cage induc-

tion type motor with high starting torque 

and extra high break-down torque. Dual 

frequency, 60/50 cycles, 2 or 3-phase. 

Motors can be reversed while in motion 

by use of proper starting switch. 

HORSEPOWER—V6 to 34 
PHASE-2 or 3 

CYCLES-60/50 (Dual Frequency) or 25 

VOLTS-110, 220, 440, 550 

SPEEDS—Approximate Full Load Rpm. 

60 Cycles-3450, 1725, 1140, 860 
50 Cycles-2850, 1425, 960 
25 Cycles-1425 

DIRECT-CURRENT MOTORS—TYPE FK 

For all applications on direct-current cir-
cuits. When compound winding is used, 
starting torque is extra high. Speed may 
be increased up to 15% by means of a 
field rheostat. Starting rheostat is recom-
mended for ratings 1/2 hp. and larger. 

Reversed by changing 
connections. 
HORSEPOWER- 1/20 to 34 
VOLTS-32, 115, 230 
SPEEDS—Approximate Full Load Rpm. 

3450, 1725, 1140 
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APPLICATION AND PERFORMANCE 
The "F" Line of Fractional Horsepower Motors is adaptable to a wide range of applications on all 
types of equipment. The brief instructions below will help to simplify selection. Speed-Torque 
Curves at the left compare the performance of the various motors available. 

SELECTING THE RIGHT MOTOR 
To select the right motor for a given application, the following factors must be considered: 

1. CHARACTERISTICS OF POWER SUPPLY—Motor must fit available power supply. Therefore, it 
is necessary to know voltage, frequency and number of phases if A-C; voltage if D.C. 

2. HORSEPOWER REQUIRED—The motor must not only be able to start and run the appliance, 
but also to handle any momentary overload imposed. In case of doubt, application tests 
should be conducted. Duty cycle and frequency of starting may also affect size. 

3. TORQUE REQUIRED—Motor torque characteristics must match those of the load. Therefore, 
consider load requirements in terms of starting and breakdown torque. Refer to the curves 

at the left for a comparison between motor types available. 

4. STARTING CURRENT LIMITATIONS—Many power companies restrict the use of motors with 
high starting current because of the possibilities of light flicker. For this reason, Type FHT 
Split-Phase Motors occasionally meet with objections except where operated infrequently. 
All other "F" Line Motors have locked rotor currents within the following NEMA standards 

for 115-volt motors. 

1/6  Hp. and Below 20-Amperes 1/3 Hp  31-Amperes 

IA Hp. 23-Amperes 1/2  Hp. 45-Amperes 

9/4 Hp  61-Amperes 

5. THERMOGUARD BURN-OUT PROTECTION (Single-Phase Motors Only —When a motor is sub-

ject to overload or abnormal heat, built-in Thermoguard protection should be used, see 
below. Particularly essential on devices for automatic operation such as Domestic Refrig-
erators or Stokers where severe overloads may be encountered. 

THERMOGUARD BURN-OUT PROTECTION (Optional Extra) 

Thermoguard bi-metallic disc type device protects single-phase motors against failure 

caused by: 

• Continuous or frequent overloads • Excessive Temperatures 

• Jamming of motor drive • Inability to start or run due to low 

e Failure of ventilation voltage 

.e`n-

CLICK! IT'S OFF—The simple bi-metallic 
Thermoguard disc opens with rifle-bul-
let speed when heat endangers motor. 

Prevents damage to insulation. 

MANUAL 
RESET 

Manual Thermo-
guard interrupts 
circuit automat-
ically when motor 
temperature be-
comes abnormally 
high. Does not reset until button is pushed. 
Fool-proof—pressing button will not open 
circuit. Trip-free—cannot be reset until 
motor cools to a safe temperature. 

CLICK! IT'S ON—When motor cools to 
safe temperature, automatic type Thermo-
guard restores motor to service automat-
ically. Manual type must be hand reset. 

AUTOMATIC OR le TIME DELAY 

I  

Automatic Thermo-
guard restarts 
motor automat-
ically as soon as it 
cools to a safe oper-
ating temperature. 
Time delay—for such applications as oil 
burners with intermittent ignition—recloses 
automatically, but not for at least three 
minutes. 
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A S 
STANDARD SQUIRREL CAGE 
NORMAL TORQUE - NORMAL 
STARTING CURRENT 

72 TO 

300 HP 
150 

200 
To 
250 

2 
To 
5 

GENERAL PURPOSE 

WIDE APPLICATION 

SIMPLE CONTROL 

0 ® O 

B 
_ 
A 

SQUIRREL CAGE 
NORMAL TORQUE - LOW 
STARTING CURRENT 

7V2 To 

200 HP 

125 
0 

i50 

200 
To 
225 

2 
To 
5 

0 ® O 

C A 
SQUIRREL CAGE 
HIGH TORQUE - LOW 
STARTING CURRENT 

3 TO 

100 HP 

200 
TO 
250 

175 
TO 
225 

4 
TO 
5 

HEAVY STARTING 

SIMPLE CONTROL 0 ® 

0 K SQUIRREL CAGE 
HIGH TORQUE - HIGH SLIP 

1/2 To 

100 HP 

2p0 
o 

300 

200 
To 
300 

8 
To 
15 

HEAVY STARTING - 
INTERMITTENT AND 
FLUCTUATING LOAD 

O 0 O 0 

F W 
SQUIRREL CAGE 
Low TORQUE - LOW 
STARTING CURRENT 

40 To 

1" HP 

50 
TO 
80 

125 
TO 
150 

4 
TO 
5 

SPECIAL PURPOSE 
CONSTANT LOAD 
LIGHT STARTING 

0 

_ w x CAG E 
LOW SQUI RRELTORQ TORQUE 1/2  TO 

10 HP 

100 
TO 
125 

175 
TO 
200 

4 
TO 
5 

SPECIAL SERVICE 

SMOOTH REVERSAL 

- H WOUND ROTOR 
'/2 TO 

300 HP 

200 
TO 
250 

200 
To 
250 

* 
FREQUENT 13 HEAVY 

STARTING 0 0 O 

- 
, 
‘.., 

CAPACITOR - INDUCTION 

LOW TORQUE 
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10 HP 
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75 

1,7,5 

200 

T40 

6 

LIGHT STARTING 

DIRECT CONN. LOAD 

- 

CN 
CU 

CAPACITOR - INDUCTION 
NORMAL TORQUE 

1/2 To 
10 HP 

150 TO 
200 

175 
TO 
200 

a 
TO 
6 

GENERAL PURPOSE 

INFREQUENT STARTING (---) 0 

D
I
R
E
C
T
 

C
U
R
R
E
N
T
 - 

- 

NA SHUNT WOUND 
Vz TO 
75 HP 150 i 

5 
TO 
10 

GENERAL PURPOSE 

STEADY LOADS 0 O O 

NA COMPOUND WOUND 
1/2 To 

75 HP 

1;r0S 

200 

j 

/ 

IT? 

25 

HEAVY STARTING 

FLUCTUATING LOAD O O 0 

- NA SERIES WOUND 
1/2 TO 
75 HP 

34 0 
400 

j 
/ 

* HEAVY AND 

FREQUENT STARTING 0 

A
J
U
S
T
A
B
L
E
 
S
P
E
E
D
 

A
C
 

3
 
a
 
2
 
P
H
A
S
E
 

_ ti C2ON 3STA4NT SHPOERESDEPS OWER 
t/4 70 
150 HP 

1 ió 
150 

17%5 
200 

T4o 
6 

SPEED INDEPENDENT 

OF LOAD 0 

_ e.4 C2 0 N 3S TA: T STPOEREQDUSE '/4 TO 

200 HP 

125 
TO 
150 

175 
TO 
200 

4 
TO 
6 

SPEED INDEPENDENT 

OF LOAD O 0 0 0 

PA 
VARIABLE TORQUE 
2 - 3 - 4 SPEEDS 

1/4 TO 
200 HP 

lió 
150 

IT7o5 
200 

TO 
6 

SPEED INDEPENDENT 
OF LOAD 

D
I
R
E
C
T
 
I
 

C
U
R
R
E
N
T
 

- NW FIELD CONTROL 
v. To 

50 HP 
150 i 

5 
TO 
10 

WIDE RANGE 

FLEXIBLE CONTROL 0 

- NA 
VARIABLE VOLTAGE 
CONTROL 

14 To 
30 HP 

ISO / * EXTREME WIDE RANGE 

FLEXIBLE CONTROL 

V
A
R
I
A
B
L
E
 
S
P
E
E
D
 

- H WOUND ROTOR 
1/2 TO 

300 HP 

2 pc0 

250 

2,9,30 

250 

* LIMITED RANGE 
HEAVY STARTING ® O O O 0 

D
I
R
E
C
T
 
C
U
R
R
E
N
T
 

%
-
"E
F-
1-
1—

C
7
)
T
A
P
O
U
N
D
 

S
H
U
N
T
 

- NA ARMATURE CONTROL I/2 TO 
75 HP 

ISO / * LIMITED RANGE 
DEPENDENT ON LOAD ° 0 

- NA 
FIELD ANO ARMATURE 
CONTROL 

11/2  TO 
50 HP 

150 i  *. WIDE RANGE 

Li M 1 TED APPLICATION 

- 
,„ 
ne, 

VARIABLE VOLTAGE 
CONTROL 

'/4 TO 
30 HP 

160 / * WIDE RANGE 
LOW EFFICIENCY 

- NA AR MATURE CONTROL 
'/2 TO 

75 HP 

7,5 

200 

/ 

/ 

* LIMITED RANGE 
DEPENDENT ON LOAD 0 0 

- NA 
FIELD AND ARMATURE 
CONTROL' 

I12 TO 
50 HP 

175 

200 
_./ 

/ 

WIDE RANGE 
LIMITED APPLICATION 

- NA 
VARIABLE VOLTAGE 
CONTROL 

74 TO 

30 HP 

ITS 

200 

I 

/ 

* WIDE RANGE 

LOW EFFICIENCY 

- NA ., ARMATURE ONTROL 
I/2 TO 

75 HP 

3200 

400 

I 

/ 

* LIMITED RANGE 
HEAVY STARTING 0 

* DEPENDENT UPON LOAD AT NORMAL SPEED 
* * HORSEPOWER RATINGS ,TORQUE AND REGULATION DATA IS FOR 4 POLE (1600 R.PM ) 60 CYCLE AC MOTO 

i MAXIMUM TORQUE IS LIMITED BY COMMUTATION UNDER NORMAL CONDITIONS DC MOTOR DEVELOPS 200 1 
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A
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1
7
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D.C. 
M
O
T
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0
 
4
0
0
%
 
M
A
X
I
M
U
M
 
T
O
R
Q
U
E
 
M
O
M
E
N
T
A
R
I
L
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0 0 0 O 0 BULLDOZERS 

T
Y
P
I
C
A
L
 

A
P
P
L
I
C
A
T
I
O
N
 

0 0 0 0 CAPSTANS -CAR PULLERS 

O O 0 0 COMPRESSORS 

0 C) 0 O ® O 
CONVEYORS - 

LOADED START 

® C) O O 0 0 O 0 0 
CRANES -HOISTS - 

ELEVATORS 

0 C) O C) 
CRUSHERS -GRINDERS -

WITH FLY -WHEEL 

C) O 
o 0 CRUSHERS - GRINDERS -

NO FLY -WHEEL 

0 0 0 0 0 DOUGH MIXERS 

0 0 C) O 0 0 DRILLING MACHINES 

0 0 DRYING TUMBLERS -CYL 

O C) 0 0 
EXTRACTORS - 

LDRY B CHEM. 

C) O 0 (SD 0 O 0 FANS - CENTRIFUGAL 

C) 0 0 0 0 0 0 0 FANS - PROPELLER 

0 O 0 C) 0 0 GRINDERS -BUFFERS 

C) 0 C) C) HAMMER MILLS 

0 O 0 C) 0 IRONERS -FLATWORK 

O 0 O C) ® ® LATHES 

O O O C) LINE SHAFTS 

0 0 O C) 0 MILLING MACHINES 

0 0 0 0 MOTOR -GEN AC -DC 

0 MOTOR -GEN DC -AC 

0 
-. 

0 0 mOULDERS -TENONERS 

C) 
0 0  PLASNUERRFSA -C JE OR isNTERS - 

0 0 0 0 0 0 0 PRINTING PRESS -JOB 

0 C) O O 0 0 
PRINTING PRESS -

 FLATBED   

0 O O 0 0 0 
PRINTING PRESS - 

ROTARY a OFFSET 

C) O 0 O C) 0 0 
PUMPS - CENTRIFUGAL-

TURBINE 

0 O 0 0 O 0 0 PUMPS -DISPLACEMENT 

0 0 0 
PUNCHES - SHE 

0 C) C) 0 0 SANDERS 

C) O 0 ® SAWS -CIRCULAR 

0 0 0 SAwS -BAND 

0 0 O O ® ® SHAPERS 

0 0 0 0 ® ® STOKERS 

0 0 VALVES 

__ _ 0 0 wASHERS -REV MOTOR 

M
O
T
O
R
S
 
-
 S
E
L
E
C
T
I
O
N
 A
N
D
 
A
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A
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O
N
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GENERAL-PURPOSE, D-C MOTORS 

Where To Use Them 

These are quiet operating motors for general-
purpose applications. They are often used in conjunc-
tion with a-c and d-c conversion equipment where 
speed variation over a considerable range is neces-
sary. 

Description 

You can choose from a wide range in horsepower 
ratings and speeds at 115 and 230 volts. The listed 
standard motors corne in either dripproof, sleeve-
bearing, or totally-enclosed, ball-bearing constructions. 
Both have welded-on bases. Designed for quiet opera-
tion, smooth and easy acceleration. Mounting dimen-
sions are interchangeable with a-c motors of equal 
rating. 

D-C GENERATORS AND MOTOR-GENERATOR SETS 

Where To Use Them 

This equipment is well suited as a d-c power unit 
for industrial devices such as magnetic chucks, bat-
tery charging equipments, variable speed drives, etc. 
Highly recommended as exciters for large equipment 
and a variety of similar applications. 

Description 

You can obtain d-c generators as a single unit for 
separate drives, or assembled on a common base with 
an a-c drive motor to form a motor-generator set. 
They are available in output ratings of 125, 250, and 
500 watt continuous duty, and at voltages of 125 and 
250 d-c volts. Drive motors are single phase, a-c for 
the 125 watt rating, and three phase for the 250 and 
500 watt sized when furnished as a motor-generator. 

LOW-VOLTAGE SPECIAL D-C MOTORS s. • • 'Zs • 

Where To Use Them 

Fans and blowers, car-door operators, crossing gates, 
compressors, water circulators, drive and lifting mo-
tors on battery-operated industrial trucks are some 
typical applications for these motors. They are de-
signed to operate on such sources of d-c power as 
commonly used on busses and transport trucks, rail-
road equipment, and battery-operated industrial 
trucks. 

Description 

These motors usualry can be made up from gen-
eral-purpose motor parts, but utilizing low-voltage 
commutators and brush mechanisms where required. 

rerete_ try - 

t r Z17:14 e e-ett *tee eie4i-er+.4 
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DYNAMOTORS • 

Where To Use Them 

G-E dynamotors provide a convenient and re-
liable means of converting d-c power to .60-cycle, a-c 
power at commercial voltages. Used effectively on 
such applications as neon signs, fluorescent lighting in 
districts served by d-c current, communication equip-
ment, locomotive headlights, transportation fluores-
cent lighting, a-c power for many auxiliary devices. 

Description 

Standard dynamotors are available in ratings of 
200- and 500-volt-amperes for 60-cycle, continuous 
duty. They are lightweight but sturdy enough to 
withstand long periods of extremely rigorous work. 

A-C GENERATORS 

Where To Use Them 

These generators furnish the most effective sources 
of alternating current to operate all kinds of devices 
where no a-c power is obtainable. Suitable for belted 
or direct-coupled drives. 

Description 

Available in standard ratings of 200- and 500-volt-
amperes, 115 volts, 60 cycle, single phase, for opera-
tion at 3600 rpm. The 60-cycle generators are self-
excited. 

MOTOR AMPLIDYNE-GENERATOR SETS 

AND AMPLIDYNE GENERATORS 

Where To Use Them 

Because of its unusually quick response over a 
wide range of operating loads, the amplidyne gen-
erator has found wide application in such fields as 
steel mills, paper mills, and printing, where they have 
been used for variable-speed drives, current control, 
and voltage control. Also, recommended for many 
special applications such as voltage buck-boost con-
trol for railway cars. 

Description 

Amplidyne generators are available as a single 
unit for separate drive, or assembled with a drive 
motor to form a motor amplidyne-generator set. In 
either combination, the uses are similar. Standard 
amplidyne generators are listed in ratings from 500 
watts to 1500 watts, continuous duty. 
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MOTOR CHARACTERISTICS 

Type at Driven Machinery 
Motor 
Type 

Designs- 
tion 

' Speed 
R.P.M. 

Approx. 
Starting 
Torque 
In % of 
Full Load 
Torque 

Approx. 
Maximum 
Torque 
in % of 
Full Load 
Torque 

Approx. 
Starting 
Current 
in % of 
Full Load 
Current 

Awes. 
Speed 
Regula- 

tion 
'", Slip 

. 
, 

Starting 
Equipment 

Load 
Conditions 

125 200 450 2 
Pumps (Centrifugal, Rotary and 1800 T o T o T o T o Type QZK motors may 

Turbine); Cotton Gins; Fans (Cen-
trifugal and Propeller); Line Shafts; 
Motor Generator Sets; Shapers; 

180 250 550 4 line at full voltage with 
comparative low start- 

Require normal start-
ing torque for continu-

125 200 450 2 Screw Machines; Planers; Milling 
Machines; Keyseating Machines; 

ing current. oui duty. Infrequent 
load fluctuations. Mo-

Lathes; Buffers; Drill Presses; Type 1200 To To To To tor provides service 

Metal Grinders; Joiners; Molders; 
Sanders; Circular Saws (Small and 
Medium); Positive Pressure Blow- 

QZK 180 250 550 4 Starters may be re- 
duced voltage or full 

factor for overload 
conditions. Constant 
speed. No special con-

ers; Job Printing Presses; Brine 115 200 450 2 voltage types. Manual ditions. 

Agitators; Pulp Grinders; Jordans; 900 To To To To or magnetic, non-re-

Laundry Washers; Small Stokers, 140 225 550 4 
versing or reversing. 

Pumps (Reciprocating and Dis- 
placement); Air Compressors; Re-
frigerating Compressors; Convey- 

225 200 450 3 

Compressors and 

ors; Stokers; Crushers (without fly- 
wheels); Dough Mixers; Grinders, 
Hammer Mills; Ball Mills; Turn 

Type   

275 250 550 5 pumps requiring less 
than 71,¡ Hp. under 
certain conditions may 

Tables; Car Pullers; Large Band QOZK 
200 200 450 3 Across the line, full- be successfully handled 

Saws; Pug Mills; Dry Pans; Brick Ratings 1200 To To To To voltage manual or mag- by type QZK Motors. 

Presses; Gear Plungers; Brick and 
Tile Machines; Foundry Tumbling 
Barrels; Centrifugal Sand Mixers; 

3 H.p .ec 

Larger 

250 225 550 5 
netic, non-reversing or 
reversing. Heavy starting, con-

tinuous or intermittent 

Grain Elevator Legs; Bending and 190 190 450 3 duty; service factor for 

Straightening Rolls; Bucket-type 900 To To To To 
overload conditions. 

Elevators; Conveyors starting 
loaded. 

225 200 550 5 

1800 300-400 300-400 300-350 15-20 Across the line, full- 
voltage reversing eleva- 

Require high starting 
torque intermittent 

Passenger and Freight Elevators. Type tor control with master duty single speed re-
QRZK 1200 300-400 300-400 300-350 15-20 switches or drives. versing service. 

1800 300-400 300-400 325-375 15-20 

Hoists, Lifts, Small Cranes, Valves. Type 
Same as for Type 
QRZK. 

Intermittent duty 
single speed reversing. 

QLZK 1200 300-400 300-400 325-375 15-20 

1800 300-350 300-350 375-450 
High starting torque. 

Punch Presses, Laundry Extractor, Type Range Across the line, full- Heavy fluctuating 
1200 300-350 300-350 375-450 Shears, Power Hammers, Crushers QFZK 5-8 voltage, manual or au- loads, usually with fly-

with Flywheels, Bending Rolls 
with Flywheels. 

8-13 
tomatic reversing or 
non-reversing, 

w heels or high inertia 
to accelerate; continu-
ous duty. 900 300-350 300-350 375-450 

Pumps, Centrifugal and Turbine 
Type 

1800 75-100 150-160 350-400 3-5 
Across the line, full- 
voltage, manual or au- 

Low starting arid niaxi-
mum torque. Low 
starting current. Con-

Blowers and Fans. Centrifugal and 
Propeller. 

QBZK 

40 H.P. 

1200 75-100 150-160 350-400 3-5 tomatic reversing or 
non-reversing. 

tinuous duty, service 
factor 1.0 and no over-

900 75-100 150-160 350-400 3-5 & Larger 
load capacity. 

Type QXZK motors 
may be started across Require normal start-

Compressors; Conveyors; Elevators; 1800/900 125-180 200-250 450-550 2-4 the line at full voltage ing torque for continu-
Grinding Machinery; Hoists; Laun-
Ary Machinery; Machine Tools; 
Mills; Mixing Machines; Positive 

QXZK 
Multi- 

with comparative low 
starting current . 

oui duty. Infrequent 
. load fluctuations Mo-

tor provides service , 
1800/ 

200-250 2-4 

Displacement Blowers; Positive 
Displacement Pumps; Printing 

speed Starters may be re- 
duced voltage or full 

factor for overload con-
ditions. Constant 

Presses; Pulverizing Machines; Constant 1200/ 125-180 450-550 voltage types. Manual speed. No special con-
Woodworking Machines. Torque 900/600 or magnetic, non-re- 

venting or reversing. 
ditions. 

QMZK 

Type QMZE motors 
may be started across Require normal start-
the line at full voltage ing torque for continu-

Machine Tools; Production Equip- 
ment; Punch Presses; Winches 

Multi- 
speed 

1800/900 125-180 200-250 450-550 2-4 with comparative low ous duty. Infrequent 
starting current, load fluctuations. Mo-

tor provides service 

Bending Rolls. etc. ' Constant 1800/ Starters may be. re- factor for overload con-

Horse- 1200/ 125-180 200-250 450-550 2-4 duced voltage or full ditions. Constant 

power 900/600 
voltage types. Manual speed. No special con-
or magnetic, non-re- ditions. 
versing or reversing. 

Type QNZK motors 

QNZK 

Multi- 

1800/900 125-180 200-250 450-550 2-4 
may be started across  
the line at full voltage Require normal start 
with comparative low ing torque for continu-

ou duty. Infrequent 
1800/ 
1200/ 

125-180 450-550 2-4 
Blowers, Fans and Pumps. 

Speed s 

Variable 

200-250 starting current. Start- 
era may be reduced voltage or full voltage load fluctuations. Mo-tor provides service 

Torque 900/600 types. Manual or mag- factor overload condi-
netic, non-reversing or tions. Constant speed. 
reversing. No special conditions. 

FAIRBANKS-MORSE ELECTRIC MACHINERY 
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FARM MOTORS 

4:a e r efel je eeze re 

FRACTIONAL HORSEPOWER MOTORS 

Satisfactory performance from a small general pur-

pose motor will be assured by use of a repulsion-

induction motor or a "capacitor- motor as described 

in the following table. These types are slightly 

higher in price than a split-phase motor, but pro-

1. REPULSION-START 
INDUCTION MOTORS 

Similar in performance to the 
larger 3, 5, ni horsepower motors. 
Sizes from 4 to horsepower, 
high starting power, low starting 
current. For use on 110-220 volt, 
single phase, 60-cycle circuits. 

Machine 

Washing Machine 
Cream Separator 
Churn 
Concrete Mixer (small) 
Farm Shop Equipment 
Fanning Mill 
Corn Sheller (single hole) 
Fruit Grader 
Grindstone 
Shearing Tool 
Sausage Grinder 
Potato Grader 
Pump Jack 
Root Cutter 
Small Feed Grinder (Burr) 

MINIMUM RECOMMENDED SPEEDS OF CUTTER FANS TO ELEVATE ENSILAGE 

INTO SILOS OF DIFFERENT HEIGHTS USING a-HP. MOTOR* 
Diameter of 
Cutter Fan 

Inches 
(Wing Tip to 
Wing Tip) 

30 
32 
34 
36 
38 
40 
42 
44 
46 
48 

P.& 
vide higher starting power without imposing heavy 
current demands that may reduce voltage in the line 
and cause lights to flicker, or cause a fuse to blow 

because of starting overload. On the other hand, 

the split-phase motor will give satisfactory service 

for the lighter jobs such as running the washing 

machine, churn, small tool grinders, etc. 

2. CAPACITOR MOTORS 

For use on 110 or 220-volt single-

phase service. High starting power, 

low starting current, high efficiency. 
Highly satisfactory for general 
purpose use. Sizes range from Yi to 

horsepower. 

Hp._ Most 
Used 

Y6 or Yi 
Yi or Y4 

Yi or 34 

34 

14 and 1 
4 nivi 1 

3. SPLIT-PHASE MOTORS 

Inexpensive type of small motor, 
but requires high starting current. 
Suitable for washing machine. 
ventilating fan, small tool grinder 
or other uses where starting load is 
not heavy. Sizes, %0 to 4 horse-
power for 110 or 220-volt service. 

RECOMMENDED 
MOTOR TYPE 

Repulsion Split Capac-
Induction Phase itor 

Recommended 
Control 

Sentinel Breaker 
Sentinel Breaker 
Sentinel Breaker 
Sentinel Breaker 
Sentinel Breaker 
Sentinel Breaker 
Sentinel Breaker 
Sentinel Breaker 
Sentinel Breaker 
Sentinel Breaker 
Sentinel Breaker 
Sentinel Breaker 
Sentinel Breaker 
Sentinel Breaker 
Sentinel Breaker 

Height of Silo in Feet 
25' 30' 35' 40' 45' 50' 

Recommended Fan Speed, Revolutions 
500 530 575 610 650 690 
465 495 540 575 610 645 
440 465 510 540 570 610 
415 440 480 510 540 575 
390 415 450 480 510 545 
370 395 430 460 485 515 
355 380 410 435 465 490 
340 360 390 415 440 470 
325 345 375 400 425 450 
310 330 360 380 405 430 

55' 60' 

per Minute 
720 
675 
635 
600 
570 
540 
515 
490 
470 
450 

750 
705 
660 
625 
595 
565 
535 
510 
490 
470 

75' 

835 
735 
780 
695 
660 
625 
595 
570 
545 
520 

For silos higher than 40 feet, the n.¡ h.p. motor is recommended. 

*From Wisconsin Rural Electrification Handbook. (Published by University of Wisconsin) 
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FARM WORK MOTORS AND CONTROL 
INFORMATION SHOWING THE TYPE OF MOTOR AND CONTROL FOR 

Name 

Milking Machinet 
(Pipe Line Type) 

Refrigerator (Dairy)t 

Hay Hoist 

Grain Elevator 
(Inside or outside) 

Bone Grinder 

Cider Mill (large) 

Feed Grinder 
Hammer Types 
Burr Type 

Feed Mixer 

Grain Blower Elevator* 

Wood Saw 

Ensilage Cutter 

Hay Baler 

Spraying Plant 
(Stationary) 

Husking and Shredding 
Corn 

Irrigation 

VARIOUS TYPES OF 

FARM JOB 

Speed 
Recommended 

Rpm. 

800 

See mfrs. 
specification 

Rope speed 
100-200 
ft. 'min 

See mfrs. 
specification 

See mfrs. 
specification 

See mfre. 
specification 

3500 
800 

See mfrs. 
specifica tion 

3500 

1300 

MX PRINT 
Mo. /y3 

MACHINERY 

Pulley 
Recommended 
Dia. Inches 

6 

Determine by 
formula 

Determine by 
formula to 
give correct 
rope speed 

Determine by 
formula 

Determine by 
formula 

Determine by 
formula 

4 
12 

Determine by 
formula 

4 

6 

Determine by 
formula 

600 16 

600 

See mfrs. 
specification formula 

Depends on conditions and capacity of pump. 

13 

Determine by 

USED ON THE FARM 

MOTOR CONTROL 
ALTIRMATI 

PULLEY Pitman» Westing 
Ritcouruourrego Westinghouse house 

INCHES Pushbutton Manual 
Dia. Face Clara No. Clase No. 

Hp. 
Most 
Used 

1 3 234 

3,4 or 1 3 234 

3 or 5 ”4 

3 or 5 

5 

5 

5 
5 

53i 6% 

434 6% 

434 6% 

8 
534 

5 534 6% 

5 

6% 
6% 

8 6% 

5 434 6% 

5 or 714 434 6*4 

Sentinel 
Breakertf 

Sentinel 
Brraikertt 

WK-16tt or 
11-200 

or 
11-200 

WK-18 

WK-18 

10-030 

10-030 

11-200 10-030 

11-200 10-030 

11-200 10-030 
II-200 10-030 

11-200 10-030 

11-200 

11-200 

11-200 

10-030 

10-030 

10-030 

5 or 734 534 6% 11-200 10-030 

5 or 6% 

5 or 7!,i 6% 

See manufacturers requirements. 

11-900 

11-200 

• If an individual motor is justified for these machines, it may be desired to use a 3450-Rpm. motor direct connected to 
eliminate pulleys and belts, t ould generally be permanently installed. tt These are manual starters. 

Dia. of 
Pulley on 
Drien 
Machine 

3' 
4' 

5' 
6' 
8" 
10' 
12' 
14' 
16' 
18' 
20' 
22' 
24' 

MOTOR PULLEY DIAMETER 

”.¡" 4 51/2" 7" 8, 
APPROX. RPM. OF DRIVEN 

M ACHINE WITH FULL LOAD MOTOR 
SPEED or 1750 RPM 

2040 
1530 
1225 
1020 
765 
612 
510 
437 
383 
340 
306 
278 
255 

2580 
1930 
1540 
1290 
965 
770 
640 
550 
480 
430 
385 
350 
320 

3140 

2360 
1880 
1570 
1175 
940 
785 
670 
580 
520 
470 
430 

390 

4000 
3000 
2400 
2000 
1500 
1200 
1000 
860 
750 
670 
600 
550 
SOO 

3500 
2800 
2340 
1750 
1400 
1170 
1000 
880 
780 
700 
640 
580 

3950 
3150 
2620 
1970 
1575 
1310 
1120 
990 
880 
790 
720 
660 

10-030 

10-030 

FORMULA FOR FIGURING PULLEY SIZES AND SPEEDS 

For machine speeds and pulley sires not covered in the tables, the 
following simple formula may he used. 

Motor Pulley diameter X Motor Rpm. 
Machine Pulley Diameter - Machine Rpm. 
(Pulley diameters should be figured in inches) 

For example, the motor pulley is 8 inches in diameter. The motor 
speed is 1750 revolutions per minute. It is desired to operate a 
hammer mill at 3500 rpm. What size pulley should be used on the 
mill? 

Using the formula, we get: 
81 1750 

Hammer Mill Pulley Diameter = 3500 - 4 inches 
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NEMA STANDARDS AND DEFINITIONS 

(From NE.11Á Publication 38-49) 

MG3-10 Proper Selection of Apparatus 

Extreme care should be used in the proper selection 
of apparatus in order that successful operation and 
good service will result. Where the apparatus is 
subjected to unusual risk, the manufacturer should 
be consulted; especially m here the apparatus is used 
under the following conditions. 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

(9) 

Exposed to chemical fumes. 

Operated in damp places. 

Operated at speeds in excess of specified 
overspeed. 

Exposed to combustible or explosive dust. 

Exposed to gritty or conducting dust. 

Exposed to lint. 

Exposed to steam. 

Operated in poorly ventilated rooms. 

Operated in pits, or where entirely enclosed in 
boxes. 

(10) Exposed to inflammable or explosive gases. 

(11) Exposed to temperatures below 10 C. 

(12) Exposed to oil vapor. 

(13) Exposed to salt air. 

(14) Exposed to abnormal shock or vibration from 
external sources. 

(15) Where the departure from rated voltage is 
excessive. 

(16) Where parallel operation of generators is 
required. 

(17) Where the alternating-current supply voltage 
is unbalanced. 

Adopted Standard 10-29-1937. 

MG3-12 Speed Limitations—Belt Drive 

(a) The following limitations represent good 
practice in belting motors under normal conditions 
to relatively high-speed drives: 

(1) The use of 1700 to 1800 rpm motors should be 
limited to a maximum of 40 hp. 

(2) The use of 1440 to 1500 rpm motors should be 
limited to a maximen of 40 hp. 

(3) The use of 1150 to 1200 rpm motors 
be limited to a maximum of 75 hp. 

(4) The use of 850 to 900 rpm motors 
limited to a maximum of 125 hp. 

(5) The use of 680 to 720 rpm motors 
limited to a maximum of 150 hp. 

(6) The use of 560 to 600 rpm motors 
limited to a maximum of 200 hp. 

(b) The above limitations are based on the use of 
pulleys as standardized by The National Electrical 
Manufacturers Association. The limitations will be 
less than those given when motors are belted to slow-
speed drives, such as counter-shafts. 

(c) The use of outboard bearings is approved and 
recommended for belted motors in frame sizes of 250 
hp, 575 to 600 rpm and larger. 

NOTE I—It is not the intention to establish a definite dividing line below 
which the use of outboard bearings is not standard, but rather to establish 
a dividing line which will indicate to the motor user what the manufacturers 
consider to lie good practice in general service. 
NOTE II—Where an outboard bearing is specified, it is assumed that the 
necessary three-bearing type base plate and slide rails, if required, are 
included with the motor. 

Recommended Practice 7-16-1931. 

MG3-12.5 Speed Limitations—V-Belt Drive 

The following limitations represent good practice 
in using V-belts on motors under normal conditions 
on relatively high-speed drives: 

(1) The use of 1700 to 1800 rpm motors should be 
limited to a maximum of 75 hp. 

(2) The use of 1440 to 1500 rpm n motors should be 
limited to a maximum of 75 hp. 

The use of 1150 to 1200 rpm motors should be 
limited to a maximum of 125 hp. 

(4) The use of 850 to 900 rpm motors should be 
limited to a maximum of 150 hp. 

The use of 680 to 720 rpm motors should be 
limited to a maximum of 200 hp. 

Recommended Practice 7-21-1937. 

(3) 

should 

should be 

should be 

should be 

(5) 

MG3-13 Speed Limitations—Gear or Chain 
Drive 

(a) The following limitations represent good 
practice in gearing motors, (based on the use of steel 
pillions) and for chain drives: 



144 MOTORS - SELECTION AND APPLICATION 

(1) The use of 1700 to 1800 rpm motors should be 
limited to a maximum ot 5 hp. 

(2) The use of 1440 to 1500 rpm motors should be 
limited to a maximum of 10 hp. 

(3) The use of 1150 to 1200 rpm motors should be 
limited to a maximum of 25 hp. 

(4) The use of 850 to 900 rpm motors should be 
limited to a maximum of 50 hp. 

(5) The use of 720 to 750 rpm motors should be 
limited to a maximum of 75 hp. 

(b) The use of outboard bearings should be 
specified for general-purpose motors with gear or 
chain drive in frame sizes 75 hp, 850 to 900 rpm 
and larger. 

(c) For quiet operation and freedom from severe 
vibration when using gear drive, the speed of the 
motor should be selected such that with the pinion or 
gear used the peripheral speed at the pitch diameter 
will not exceed 1300 feet per minute when using cut 
steel spur gearings. 

Recommended Practice 8-5-1930. 

MG50-10 Protected Machine 

(Formerly called semi-enclosed machine) 
A protected machine is one in which all ventilating 

openings in the frame are protected with wire screen, 
expanded metal or perforated covers, the dpenings 
in which do not exceed 34 sq. in. (323 sq mm) in area 
and are of such shape as not to permit the passage of 
a rod larger than 3.4 in. (12.7 mm) in diameter, except 
where the distance of exposed live parts from the 
guard is more than 4 in. (101.7 mm) the openings may 
be 34 sq. in. (484 sq mm) in area and must be of such 
shape as not to permit the passage of a rod larger 
than 34 in. (19 mm) in diameter. 

Adopted Standard 8-1-1935. 

MG50-12 Semi-Protected Machine 

A semi-protected machine is one in which part of 
the ventilating openings in the frame, usually in the 
top half are protected as in the case of a "protected 
machine" but the others are left open. 

Adopted Standard 8-1-1935. 

MG50-14 Drip-Proof Machine 

A drip-proof machine is one in which the venti-
lating openings are so constructed that drops of 
liquid or solid particles falling on the machine at 
any angle not greater than 15 deg from the vertical, 
cannot enter the machine either directly or by strik-
ing and running along a horizontal or inwardly 
inclinded surface. 

Adopted Standard 8-1-1935 

MG50-16 Splash-Proof Machine 

A splash-proof machine is one in which the venti-
lating openings are so constructed that drops of 
liquid or solid particles falling on the machine or 
coming towards it in a straight line at any angle not 
greater than 100 deg from the vertical cannot enter 
the machine either directly or by striking and run-
ing along a surface. 

Adopted Standard 8-1-1935. 

MG50-18 Explosion-Proof Machine 

An explosion-proof machine is one in an enclosing 
case which is designed and constructed to withstand 
an explosion of a specified gas or dust which may 
occur within it, and to prevent the ignition of the 
specified gas or dust surrounding the motor by 
sparks, flashes, or explosions of the specified gas or 
dust, which may occur within the machine casing. 

Adopted Standard 8-1-1935. 

MG50-20 Water-Proof Machine 

1. A water-proof machine is a totally enclosed 
machine so constructed that it will exclude water 
applied in the form of a stream from a hose. 

2. A water-proof machine is a totally enclosed 
machine so constructed that a stream of water from 
a hose (not less than 1 inch in diam) under a head 
of 35 ft and from a distance of about 10 ft can be 
played on the machine without leakage, except that 
leakage which maw occur around the shaft may be 
considered permissible, provided it is prevented from 
entering the oil reservoir and provision is made for 
automatically draining the machine. 
NOTE—The machine should he providei with a check valve for drainage 
or a tapped hole at the lowest part of the frame which will serve for applica-
tion of drain or drain plug. 

Adopted Standard 8-1-1935. 

MG50-22 Dust-Tight Machine 

A dust-tight machine is one so constructed that 
the enclosing case will exclude dust. 

Adopted Standard 8-1-1935. 

MG50-24 Resistant (As a suffix) 

A machine is designated as tnoisture-resistant, 
fume-resistant, etc.. when so constructed, protected 
or treated that it will not be readily injured when 
subjected to the specified material as follows: 

1. Moisture (very damp or humid atmosphere 
such as occurs in dye houses, evaporating 
rooms, certain tropical localities and in some 
mines.) 

2. Fumes (as may be specified). 

3. Gas (as may be specified). 
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4. Acid (as may be specified). 

5. Alkali (aï may be specified). 
Adopted Standard 8-1-193. 

MG50-26 Submersible Machine 

A submersible machine is one so constructed that 
it will operate successfully when submerged in water 
under specified conditions of pressure and time. 

Adopted Standard S-1-1935. 

MG50-54 Printing Press Duty 

The duty on rotary web printing presse: is of an 
intermittent nature. hut the cycle on which they 
operate does not permit of using main driving 
motors with a short-time rating. Printing press duty 
for these presses is, therefore, defined as 40 C rise. 
open continuous operation, con:tant torque or 50 C 
rise, semi-enclosed, continuous operation, constant 
torque, the horsepower rating being specified at the 
maximum speed. This rating applies to both 
direct-current and alternating-current drives. 

Adopted Standard 11-5-1929 

MG50-60 Ambient Temperature 

Ambient temperature is the temperature of the 
air or water which, coming into contact with the 
heated parts of a machine, carries off their heat. 
(See MG50-64.) 
MOTE—Ambient temperature is commonly known as "room temperature" in 
connection with air cooled apparatus not provided with artificial ventilation. 

Adopted Standard 5-1-1916. 

MG-50-62 Rating 

A rating of a machine is a designated operating 
limit based on definite conditions. 

Adopted Standard 10-29-1937. 

MG50-63 Service Factor—General-Purpose 
Motors 

A service factor of a general-purpose motor is a 
multiplier which, applied to the normal horsepower 
rating, indicates a permissible loading which may be 
carried under the conditions specified for the service 
factor. 

Adopted Standard 10-29-1937. 

MG50-64 Rated Load 

Rated load shall mean horsepower output for 
motors, kilowatt output for direct-current gener-
ators, and kilovolt-ampere output for alternating-
current generators. 

Adopted Standard 10-29-1937. 

MG50-65 Time Ratings and DurationTests of 

(a) Many machines are operated on a cycle of duty 
which repeats itself with more or less regularity. The 
heating of machines operating under such conditions 
is equivalent to a continuous run for a certain speci-
fied time. The standard duration of load tests, or 
time ratings, for machines operating on such ratings 
shall be as follows: 

5 min, to and including 30 hp 
15 min, to and including 50 hp 
30 min, to and including 60 hp 
60 min 
Continuous 

(b) Of the foregoing rating, the first four are com-
monly known as short-time ratings. In every case 
the short-time load test shall commence only when 
the windings and other parts of the machine are 
within 5 C of the room temperature at the time of 
starting the test. 

Adopted Standard 12-8-1932. 

MG50-66 Time Rating 

Time rating is the period of a test run within which 
the specified conditions of load and temperature rise 
shall not be exceeded. 

Adopted Standard 11-10-1915. 

MG50-67 Locked-Rotor or Static Torque - 
A-c Motor 

The locked-rotor torque of a motor is the minimum 
torque which it will develop at rest for all angular 
positions of the rotor, with rated voltage applied at 
rated frequency. 

Adopted Standard 10-29-1937. 

MG50-68 Pull-Up Torque—A-c Motor 

The pull-up torque of a motor is the minimum 
torque developed by the motor during the period of 
acceleration from rest to full speed with rated volt-
age applied at rated frequency. 

Adopted Standard 10-29-1937. 

MG50-69 Break-Down Torque—A-c Motor 

The break-down torque oía motor is the maximum 
torque which it will develop with rated voltage 
applied at rated frequency, without an abrupt drop 
in speed. 

Adopted Standard 10-29-1937. 

MG50-72 Locked-Rotor Current—A-c Motor 

The locked-rotor current of a squirrel-cage induc-
tion or other internally short-circuited motor is the 
current taken from the line with the rotor locked and 
with rated voltage and frequency applied to the 
motor. 

Adopted Standard 5-27-1926 
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MG50-75 Secondary Voltage of Wound-Rotor 
Motors 

The secondary voltage of wound-rotor motors is 
the open-circuit vottage at standstill, measured 
across the slip rings. 

Adopted Standard 6-7-1922. 

MG50-76 Dielectric Test 

Dielectric tests are tests which consist of the 
application of a voltage higher than the rated voltage 
for a specified time and are designed to determine 
the adequacy of insulating material and spacing. 

Adopted Standard 6-13-1923 

MG50-78 Voltage Regulation of(D-c 
Generators 

The regulation of a d-c generator is usually stated 
by giving the numerical values of the voltage at no-
load and rated load, and in some cases it is advisable 
to state regulation at intermediate loads. The regu-
lation of d-c generators refers to changes in voltage 
corresponding to gradual changes in load, and does 
not relate to the comparatively large momentary 
fluctuations in voltage that frequently accompany 
instantaneous changes in load. 

Adopted Standard 1-26-1934. 

MG50-140 Rated Speed 

The rated speed of an alternating-current general-
purpose motor is defined as the full load speed 
stamped on the nameplate. 

Adopted Standard 5-27-1926. 

MG50-141 Constant-Speed Motor 

A constant-speed motor is one the speed of which 
at normal operation is constant or practically con-
stant. For example, a synchronous motor, an induc-
tion motor with small slip, or an ordinary direct-
current shunt-wound motor. 

Adopted Standard 10-29-1937 

MG50-142 Varying-Speed Motor 

A varying-speed motor is one the speed of which 
varies with the load, ordinarily decreasing when the 
load increases; such as a series motor, or an induc-
tion motor with large slip. 

Adopted Standard 10-29-1937 

MG50-143 Adjustable-Speed Motor 

An adjustable-speed motor is one the speed or 
which can be varied gradually over a considerable 
range, but when once adjusted remains practically 
unaffected by the load, such as a shunt motor with 
field-resistance control designed for a considerable 
range of speed adjustment. 

Adopted Standard 10-29-1937. 

MG50-144 Adjustable Varying-Speed Motor 

An adjustable varying-speed motor is one the 
speed of which can be adjusted gradually, but when 
once adjusted for a given load will vary in consider-
able degree with change in load; such as a compound-
wound direct-current motor adjusted by field control 
or a slip-ring induction motor with rheostatic speed 
control. 

Adopted Standard 10-29-1937. 

MG50-145 Multi-Speed Motor 

A multi-speed motor is one which can be operated 
at any one of two or more definite speeds, each being 
practically independent of the load. For example a 
direct-current motor with two armature windings, 
or an induction motor with windings capable of 
various pole groupings. 

Adopted Standard 10-29-1937. 

MG50-160 Front 

The front of a normal motor or generator is the 
end opposite the coupling or driving pulley. 

Adopted Standard 10-29-1937. 

MG50-161 Back 

The back of a normal motor or generator is the 
end which carries the coupling or driving pulley. 

Adopted.Standard 10-29-1937. 

MG50-163 D-c Generator—Complete 

(a) BELT TYPE. 
A belt type generator consists of a generator, 
sliding base or rails, and field rheostat. Stand-
ard field rheostats for generators above 10 kw 
capacity are of the back-of-board type, and 
for generators of 10 kw and smaller, rheostats 
are of the front-of-board type. 

(b) ENGINE TYPE. 
An engine type generator consists of a gen-
erator without base, shaft, bearings, shaft 
keys or foundation bolts, but with back-of-
board field rheostat and with cap plates when 
required. 

Adopted Standard 5-20-1937. 

MG50-165 Large Power Motor—Complete 

A complete large power motor is an open large 
power motor ready to run, including standard pulley, 
belt-tightening base or slide rails, and hand-operated, 
no-voltage release starter for front-of-board mount-
ing. (See also MG50-114.) 

Adopted Standard 5-20-1912. 

MG50-166 Bare Motor 

A bare motor is an open type motor ready to run. 
without pulley, belt-tightening base, slide rails or 
starter. 

Adopted Standard 10-30-1911 
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MG50-167 Motor-Reduction Unit 

A motor-reduction unit is a motor with an integral 
mechanical means of obtaining a speed differing from 
the speed of the motor. 
NOTE—Motor-reduction units are usually desired to obtain a speed lower than 
that of the motor, but may also be built to obtain a speed higher than that of 
the motor. 

Adopted Standard 7-21-1932. 

MG50-168 Frame 

A frame is the supporting structure for the stator 
parts. 

In a direct-current machine the frame usually 
forms a part of the magnetic circuit; it includes the 
poles only when they form an integral part of it. 

Adopted Standard 10-29-1937. 

MG50-169 Assembled Field Frame 

An assembled field frame is a field frame with 
necessary complement of poles, pole shoes and field 
coils assembled thereon. 

Adopted Standard 10-30-1911. 

MG50-170 Field Pole 

A field pole is a structure of magnetic material on 
which a field coil may be mounted. 

Adopted Standard 10-29-1937. 

MG50-171 Pole Shoe 

A pole shoe is the portion of a field pole facing the 
armature of the machine. It may be separable from 
the body of the pole. 

Adopted Standard 10-29-1937. 

MG50-172 Field Coil 

A field coil is a suitably insulated winding to be 
mounted on a field pole to magnetize it. 

Adopted Standard 10-29-1937. 

MG50-180 Rotor 

A rotor is the rotating member of a machine. 
Adopted Standard 10-29-1937. 

MG50-181 Squirrel-Cage Rotor 

A squirrel-cage rotor is the rotor of a squirrel-cage 
induction motor. Its circuits consist of conductors 
suitably disposed in the slots in a core and perma-
nently connected together at the two ends of the 
core. The conductors may or may not be insulated. 

Adopted Standard 11-5-1929. 

MG50-182 Wound Rotor 

A wound rotor is the rotor of a wound-rotor in-
duction motor. Its circuits consist of a polyphase 
winding of insulated conductors suitably disposed in 
slots in a core, and with terminals brought out to 
collector rings. 

Adopted Standard 11-5-1929. 

MG50-183 Armature 

The armature is the part of a machine which in-
cludes the main current-carrying winding. 

In direct-current machines and in alternating-
current commuta:or machines, the armature winding 
is connected to the commutator and the armature is 
the rotating member. 

In alternating-current machines without commu-
tators, the armature may be either the rotating mem-
ber or the stationary member. 
NOTE—in some types of alternating-current machines the use of the term 
'armature' is apt to be misleading and should be avoided. 

Adopted Standard 10-29-1937. 

MG50-184 Armature—Complete 

A complete armature is an armature ready to 
place in a machine. 

Adopted Standard 10-30-1911. 

MG50-185 Armature Core 

An armature core consists of the assembled arma-
ture laminations without the slot insulation or wind-
ings. 

Adopted Standard 10-29-1937. 

MG50-186 Armature Quill 

An armature quill is a ventilated or unventilated 
structure upon which an armature and commutator 
are assembled and which in turn may be mounted 
on the armature shaft. 

NOTE—A quill may be an integral part of the armature and commutator, one 
or both; or the aimature and commutator, having been assembled separately, 
may be mounted together on the quill. 

Adopted Standard 11-18-1916. 

MG50-187 Armature Sleeve 

An armature sleeve is an unventilated support on 
which armature laminations are or may be mounted 
and ‘.% hich in turn is mounted on the armature shaft. 

Adopted Standard 10-30-1911. 

MG50-188 Armature Spider 

An armature spider is a ventilated support upon 
which armature laminations are mounted, and which 
in turn is mounted on the armature shaft. 

Adopted Standard 10-30-1911. 

MG50-189 Commutator—Complete 

A commutator is an assembly of commutator bars 
suitably insulated in a shell or on a hub, ready for 
mounting on an armature shaft, sleeve or spider. 

Adopted Standard 10-30-1911. 

MG50-190 Commutator Bars 

Commutator bars are the metal current-carrying 
members of a commutator which make contact with 
the brushes. 

Adopted Standard 10-29-1937. 
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MG50-191 Commutator Insulating Rings 

Commutator insulating rings are rings which con-
stitute all the insulation between the ends of the 
assembled commutator bars and the supporting 
structure. 

Adopted Standard 10-29-1937. 

MG50-192 Commutator Insulator Strips 

Commutator insulating strips are the insulating 
members between adjacent commutator bars. 

Adopted Standard 10-29-1937. 

MG50-193 Commutator-Bar Assembly 

A commutator-bar assembly consists of the com-
plete set of commutator bars assembled with the 
commutator insulating strips bound and ready for 
installation on the commutator shell, but this term 
does not include the commutator insulating rings or 
the commutator shell insulation. 

Adopted Standard 10-29-1937. 

MG50-194 Commutator Shell 

A commutator shell is the support on which the 
commutator bar assembly, commutator insulating 
rings and the commutator shell insulation are 
mounted. 

Adopted Standard 10-29-1937. 

MG50-195 Commutator-Shell Insulation 

Commutator-shell insulation is the insulation be-
tween the under (or in the case of a disk commu-
tator, the back) side of the assembled commutator 
bars and the adjacent supporting structure. 

Adopted Standard 10-29-1937. 

MG50-196 Brush Yoke 

A brush yoke is a rocker arm, ring, quadrant or 
other adjustable support for maintaining the brush 
holders or brush-holder studs in their relative posi-
tions. 

Adopted Standard 10-29-1937. 

MG50-198 Brush Holder 

A brush holder is a device which holds the brush 
in position. 

Adopted Standard 10-30-1911. 

MG50-200 Brush-Holder Stud 

A brush-holder stud is an intermediate support 
between the brush holder and the brush yoke. 

Adopted Standard 10-29-1937. 

MG50-201 Collector Rings (Slip Rings) 

Collector rings are metal rings suitably mounted 
on an electrical machine serving, through stationary 
brushes bearing thereon, to conduct current into or 
out of the rotating member. 

Adopted Standard 10-29-1937. 

MG50-202 End Shield 

An end shield assembly is an end shield together 
with its bearing sleeve and all parts associated there-
with. 

Adopted Standard 10-29-1937. 

MG50-203 Bearing Bracket 

A bearing bracket is a bracket secured to the frame 
to support the bearing but including no part thereof, 
and not designed specifically to protect the winding,. 

Adopted Standard 10-29-1937. 

MG50-204 Bearing Bracket Assembly or End-
Shield Assembly 

A bearing-bracket or end-shield assembly is a 
bearing bracket or end shield with its bearing sleeve 
and all parts associated therewith. 

Adopted Standard 10-29-1937. 

MG50-205 Bearing Sleeve 

A bearing sleeve is a bushing, sleeve, box or shell 
within which the shaft rotates. 

Adopted Standard 10-30-1911. 

MG50-206 Bearing Pedestal 

A bearing pedestal is a bearing support, mounted 
on or constructed as a part of the base plate, but not 
including the bearing or any part thereof. 

Adopted Standard 10-29-1937. 

MG50-207 Bearing-Pedestal Assembly 

A bearing-pedestal assembly is a bearing pedestal 
together with its bearing and all parts associated 
therewith. 

Adopted Standard 10-29-1937. 

MG50-208 Oil Rings 

The oil rings arc usually of metal, loosely hung on 
the journal of an armature shaft, free to revolve 
thereon and therewith, located within the oil space 
of the bearing sleeve support and adapted to raise 
a lubricant from the oil cellar into which they dip 
and to distribute it on the journal of the shaft. 

Adopted Standard 11-18-1916. 

The Louis Allis Co., Milwaukee, Wis. 
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Selection of Proper Brushes-1 

The performance of a brush-type 
motor is dependent to a large degree 
upon the brushes used. The selection of 
the right grade and size of brush is, 
therefore, of great importance. 
The main factors governing the proper 

choice of brushes are: 
1. Applied voltage 
2. Carrying capacity of brush and 

peripheral speed of commutator 
3. General characteristics of the mo-

tor (type of service, etc.) 
4. Atmospheric conditions 
The following discussion of these four 

points is intended to be a general guide in selecting brushes 
for fractional horsepower motors. Thus, some of these 
statements will not hold true for larger motors. 

Applied voltage. The applied or operating voltage of 
a motor is the first consideration in choosing the proper 
brush. Voltage is generally termed normal voltage when 
it lies between 100 and 130 volts, low when it is between 
6 and 32 volts, and high when it is 200 to 250 volts. 
Voltage ranges in between these are seldom used, while 
voltages above 250 volts are not ordinarily recommended 
for small motors. 

For best all-around performance at normal voltages, 
Electro-Graphitic or Graphite grades (see definitions be-
low) are usually selected. Their low friction character-
istics and good lubricating qualities make them suitable for 
high peripheral speed and difficult commutation conditions. 

Low-voltage motors with their correspondingly higher 
input currents require brush grades known as Metal-
Graphite, with the metal content increasing inversely with 
the voltage. This type of brush is used almost exclusively 
for low-voltage motors. The copper content of these 
brushes gives them the highest current-carrying capacity 
of any grade of brush. This is necessary because these 
low-voltage motors require relatively high currents. 

End shield from Bodine d-c motor. 

High-voltage motors need brushes 
which limit the current surge into the 
armature coils when starting and during 
commutation. For this purpose the 
higher resistance brushes — those known 
as Graphite, Electro-Graphitic, or Car-
bon grades — are used. Carbon brushes 
in particular have high contact voltage 
drop and low current-carrying capacity. 
Because of their hardness, they are able 
to withstand considerable shock, vibra-
tion, and reversal of motor rotation. This 
type of brush will keep the commutator 
clean even under extremely dirty con-
ditions. 

Carrying Capacity of Brush and Peripheral Speed of 
Commutator. These two qualities are closely related be-
cause they are determined by mechanical considerations 
in designing the brushes. Carrying capacity depends upon 
size, area of fully seated brush surface, temperature rise, 
and brush pressure. Peripheral speed also affects the cur-
rent-carrying capacity of the brush. Brush pressure is 
governed by peripheral speed, and higher speeds mean 
greater wear and higher surge currents. 

In choosing a brush to meet these various conditions, 
it is difficult to make general rules. For example, since 
higher peripheral speed generally results in increased 
wear, higher surge current, and increased friction losses, 
it may be desirable to counteract these disadvantages 
by using a harder brush to cut down wear on brushes and 
one with lower abrasiveness to cut down wear on the 
commutator. (Hardness is not related to abrasiveness — 
a soft brush may be very abrasive.) At the same time a 
higher contact drop must be had to limit surge current, 
and a lower coefficient of friction will be necessary to cut 
down friction loss. Whether this type of brush will be 
proper for the motor can only be determined by consider-
ing the particular case. 

CARBON BRUSHES 
Hard carbon brushes have high abrasiveness, specific 

resistance, and contact drop; comparatively low cur-
rent-carrying capacity; are able to withstand consider-
able shock, vibration and reversal. They tend to keep 
the commutator clean. 

ELECTRO-GRAPHITIC BRUSHES 
Carbon brushes specially treated to produce high 

graphite content. Specific resistance, hardness, and 
current-carrying capacity medium to high; abrasive-
ness low; contact drop high. Low friction character-
istics and good lubricating qualities for high peripheral 

speeds and difficult commutation conditions. 

GRAPHITE BRUSHES 
Specific resistance generally low (with some excep-

tions); hardness low to very low; abrasiveness medium; 
contact drop medium; current-carrving capacity high. 
Extreme softness and high lubricating properties. Use-
ful for high peripheral speeds. 

METAL-GRAPHITE BRUSHES 
Specific resistance, hardness, and contact drop low; 

abrasiveness varies directly with the copper content; 
current-carrying capacity highest of any grade. Used 
for low-voltage motors. 
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General Motor Characteristics. 
In the first article, in the Novem-
ber Motorgram, the factors of 
applied voltage, brush capacity, 
and peripheral speed were dis-
cussed as they relate to selection 
of the proper grade brush for a 
given motor. In addition, this 
selection depends on inherent de-
sign data like type of winding, 
kind of current, the ampere-turns 
ratio, and commutator lead. The 
kind of service required of the mo-
tor brings additional conditions 
that influence the selection of the 
brush. Frequent starting or re-
versing, necessity for high efficien-
cy, overload capacity, presence of 
vibration, required absence of 
brush noise, etc., are various fac-
tors that must be considered. 
Sometimes the various points in-
fluencing the brush selection con-
tradict each other and a compro-
mise must be found. 

Selection of Proper Brushes—II 
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This graph shows how the same brush wears differently in different 
motors, and how wear is greatly reduced when the proper brush is 
chosen. Grade" M" is suitable for the 1/15 hp shunt motor, but 
wears ioc rapidly in the 1/100 hp series motor. Grade" N" is bet-
ter suited for use in the series maw., showing greatly reduced wear. 

Series motors, for example, 
often gain higher efficiency with a low ampere-turns ratio, 
but sparking then becomes more pronounced and the 
commutator is blackened or burned. If efficiency is more 
important than brush life in this case, a hard brush grade 
with a slight "cleaning action" would be the answer. To 
cite another example, shunt motors, which generally show 
better brush life than series motors, have poor commu-
tation when motor speed is increased by inserting resistance 
in the field. Of course the brush grade must be chosen 
with this in mind. 

All d-c motors show the phenomenon of "electrolytic 
action," with the negative brush wearing down faster. 
Not all grades of brushes are equally affected, and some-
times the use of different grades for positive and negative 
brushes is resorted to. Of course, the ill effects of electro-
lytic action can best be overcome by reversing the motor 
leads at regular intervals. 

Frequent starting and stopping imposes a heavy load 
on brushes. This has a particularly pronounced effect with 
high voltage shunt motors. A high contact drop brush 
(one with a voltage drop of one volt or more) may help. 
On the other hand, low voltage motors are sometimes 
required to start on fifty percent or less of rated voltage; 
then a brush with a very low contact drop (less than one-
half volt) must be used with comparatively low spring 
pressure. This will improve the starting ability of the 
motor, but will adversely affect the brush life at full load 

under the rated motor voltage. 
Where quietness is of prime im-

portance, a softer brush grade can 
be used than would otherwise be 
chosen, with enough spring pres-
sure to maintain an uninterrupted 
contact. Thus, chatter is elimi-
nated. Although commutators are 
usually undercut, a commutator 
with flush mica is sometimes used 
to avoid noise. In this case, a brush 
must be used that is abrasive 
enough to wear the mica down 
evenly with the copper bar of the 
commutator. The presence of vi-
bration and shock also require a 
different grade of brush, usually a 
harder brush of the carbon type. 

Atmospheric conditions. Tem-
perature and humidity have a defi-
nite effect on brush wear. High 
humidity may increase electrolytic 
action while extremely low humid-
ity, such as that encountered at 
high altitudes, increases brush fric-
tion and causes dusting and rapid 

wearing away of the brushes. A brush with a certain 
amount of abrasiveness will frequently improve commu-
tation at high humidity; on the other hand, brushes must 
be treated with some kind of lubricant for extremely low 
humidity such as that found at high altitudes. The pres-
ence of chemical fumes, dirt, or dust may also become a 
deciding factor in determining the grade of brush. Under 
such conditions, brush grades with some cleaning action 
are usually preferred. 

Conclusion. From the foregoing discussion the selection 
of a suitable set of brushes may seem like a very difficult 
;ob involving a large amount of guesswork. Actually, when 
a decision on a particular motor has to be reached, the 
:ask is fairly simple for experienced Bodine engineers. On 
one hand, the electrical data of the motor, the brush size 
with its required current carrying capacity, and frequently 
:he past commutation performance of the motor are 
known. On the other hand, the brush manufacturer's 
table lists all pertinent brush data. Therefore, it is usually 
possible to select the brush which will give greatest effi-
ciency and satisfaction in the service required by giving 
due thought to the various elements involved and con-
sidering these in light of past experience. 

THE BODINE MOTORGRAM 
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Brushes 

and 

Brush 

Setting 

Figs. I and 2—Fitting brushes to commuta-

tor with sand paper. Fig. 3—Brushes in 
each group should be in line. Fig. 1—Field 
circuit open to test brush location on 
commutator 

Figs. 5 and 6—Locating neutral on commutator with millivoltmeter. Fig. 7—Armature-coil lead locates neutral. Fig. 8— 
Fibre brush used with millivoltmeter. Fig. 9—Shunt across commutating-pole coil leads to adjust field-pole strength 
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INSTRUCTIONS FOR SETTING REACTION TYPE BRUSH 
HOLDERS AND FOR INSTALLING BRUSHES 

TO oerA/N coRRÉoT ANGLE (bo") 
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Measuring brush spring pressure. Take reading when 

pressure between spring and brush is reduced suffi-
ciently to free piece of paper previously inserted. 

(Peerless Electric Company) 

3PR‘Nc. 

BALANCE  

STRIP OF  

PAPER 

SH 
COMMUTATOR  

BRUSH 

7 ROTATION  
OF ARMATURE 

PULL SANDPAPER  
V -THIS WAY 
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El.. 

METHOD OF SANDING AND 0{1TAINING BRUSH PRESSURE. 
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CARE OF THE 
COMMUTATOR 

Cleaning the Commutator 

Truing the Commutator 

1. Commutator eccentric. A dial-
indicator reading of .001 in. on 
high-speed machines to several 
thousandths on low-speed ma-
chines can be considered normal. 

2. High and low bars. Season the 
commutator by substituting 
maple blocks for the brushes in 
the brush holders with the com-
mutator turning. 

3. High mica. Where conditions of 
high mica occur, the mica must 
be undercut by one of the 
methods described below. 

GENERALS ELECTRIC 

Example of a set of brushes fractured as a 
result of brush chatter caused by high mica 
and rough commutator surface. 

4. Pitted mica—usually caused by the presence of oil, grease, minute 
particles of carbon and copper, or unclean commutator. 

5. Grooving of commutator—caused by the use of brushes having a too 
high abrasive quality or by incorrect staggering of brushes. This con-
dition can also be helped by providing a small amount of end play in 
the rotor wherever possible. 

To properly clean a commutator, use a piece of dry canvas or other 
hard nonlinting material which is wound around and securely fastened 
to a wooden stick, and held against the commutator. Do not use a lubricant 
on the commutator, either during or after the polishing period. If the 
commutator is clean and polished, and the brushes have a perfect fit, the 
unit may be loaded at once, provided the insulation resistance is satis-
factory. If the commutator is not polished, the machine should be run with 
a light load for several hours in order to establish a high and uniform polish 
on the commutator surface, and a good fit on the brush faces. Brushes can 
be fitted more quickly if the machine is carrying a load in proportion to the 
percentage of contact surface of the brushes. As the brush fit improves, 
the load can be increased depending on the amount of sparking and heating. 

To properly clean a commutator, use a piece of dry canvas or other hard non-
linting material which is wound around and securely fastened to a wooden 
stick, and held against the commutator. 

1. Undercut the mica. A square slot is preferable, if slots are accessible 
to easy cleaning. Where slots are likely to collect dirt, as in low-speed 
machines or in a dirty atmosphere, the V-shaped slot may be more 
satisfactory. It is well to slightly bevel the segment corners. 

Various types of undercutting tools are available. See drawings on 
next page. 

2. Polish the commutator with one of the varieties of dressing stones, 
several varieties of which are available on the market (see drawings on 
next page). These stones may be held in the hands or mounted in 
adjustable rests. 
When stoning, the brushes should be lifted away from the commu-

tator, and the machine, if a generator, should be driven at normal speed 
by the prime mover; if a motor, by mechanical power from external 
source, if possible. 
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3. 

Before stoning a commutator, all traces of oil or grease should be re-
moved from the commutator and stone. The stone should be worked 
from end to end of the commutator, and the surface ground down 
evenly. After stoning, the commutator should be smoothed with a very 
fine grade of sandpaper, and then polished by using the back of the paper. 

After the commutator has been conditioned, make sure that it is com-
pletely cleaned out with every trace of copper, carbon, or other 
dust removed, preferably by suction. 

4. Reinstall the brushes and seat them by applying a small amount of 
seating compound, if available, to the commutator. After seating, clean 
the commutator thoroughly again. 

When the commutator is too rough or eccentric to be stoned down 
successfully by hand, the stone can be held by a pair of clamps in a tool 
post. However better results can be obtained by the use of a revolving-
wheel grinder, or it may be advisable to turn the commutator in a lathe. 
When extreme roughness exists, it is probably better to send the armature 
to a reputable service shop. 

For extreme commutator roughness, turning of the commutator in a 

lathe is suggested. 

-0"ST-7:Q 
Flush mica. Undercut mica in commutators. 

Files for undercut-
ting mica in com-
mutators. 

Hacksaw mica undercutter. 

2s. 

Hand stones for grinding commutators and commutator stones mounted on a 
special rest on a brush-holder stud. 

Grinding the 
Commutator 

Turning the 
Commutator 

Hand stones for grind-
ing commutators. 

Commutator showing high mica and burning 
of the surface because of the attendant 
sparking; also, ridges between the brushes, 
caused by improper brush staggering. 
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Sleeve Beariru Lubrication 

With antifriction bearings, such as 
ball or roller types, the lubricant is pri-
marily concerned with rust prevention 
and cooling, but when sleeve bearings 
are used, the lubricant actually be-
comes a part of the motor, as it must 
sustain the load imposed by the ro-
tating shaft. The bearing itself should 
nowhere contact the shaft. If it does, 
it is not being properly lubricated and 
wear will result. 

A pure mineral oil is the only type 
of fluid lubricant that should ever be 
used for sleeve bearings. The ideal oil 
is one which will give most efficient 
motor performance and not require fre-
quent renewal. These two character-
istics will be obtained by choosing the oil carefully accord-
ing to the ambient and operating temperatures required. 

The viscosity of the oil to be used is determined by 
two things. First of all, the lowest ambient temperature 
at which the motor must operate is of prime importance. 
High temperatures will be taken care of by using only 
better grade oils, which are fluid at low temperatures 
and still hold their body at high temperatures. Heavier 
oils will give longer life at the higher temperatures, but 
the oil must not be so heavy that it will not provide proper 
lubrication when the motor is started. 

Proper htbrication will make maim. run beur and 
last longer. 

A second consideration in choosing an oil of proper 
viscosity is the power of the motor. Internal friction 
of a heavy oil takes away some motor power, and this 
becomes important when the oil is used in small horse-
power motors. For example, some Bodine motors are 
rated as low as 1/2000 horsepower. A heavy oil cannot 
be used in such a motor as it would tend to reduce 
efficiency. 

SLEEVE BEARING MOTORS 

Bodine 
Motor Size 

—40°C Ambient 
to 55°C total 

0°C Ambient 
to 100°C total 

—40°C Ambient 
to 100°C total 

V-1 (up to 5'¡' 
shaft diameter) 

Univis J43 
(Penola Inc.) 

Univis P48 
(Penola Inc.) 

Univis J-43 
(Penola Inc.) 

N-1 (up to 5¡' 
shaft diameter) 

Univis J43 
(Penola Inc.) 

Stanoil #18 
(Stand. Oil-Ind.) 

Univis J43 
(Penola Inc.) 

N-3 & N-5 
(up to 'W 
diameter) 

Univis J43 
(Penola Inc.) 

Stanoil #35 
(Stand. Oil-Ind.) 

Univis J43 
(Penola Inc.) 

A mechanical consideration some-
times involved in choosing oil is bearing 
clearance. The difference between the 
shaft O. D. (outside diameter) and the 
bearing I. D. (inside diameter) is com-
monly between .00020 and .00100 
inches, giving a clearance on each side 
of the rotating shaft of from .00010 to 
.00050 inches. When temperatures be-
low 0°F are involved, these clearances 
must be made greater. This is due to 
the fact that the bronze bearings con-
tract more than the steel shaft under 
chilling, and too small a clearance will 
result in literal "freezing" of the shaft. 

For motors used in low temperatures, 
the difference between the shaft O. D. and bearing I. D. 
may rur. from .0010 to .0025 inches. This thicker oil film 
is more easily sheared, and special care must be taken 
to select an oil which is fluid at the lowest temperature 
encountered. 

The table at the bottom of the first column lists lubri-
cants which are suitable for sleeve bearings. These oils 
are satisfactory over the temperature ranges indicated 
at the top of each column in the table. 

Some speed reducer motors are designed so that the 
grease in the gear housing also lubricates the motor bear-
ing. A grease chosen for this purpose must have a defi-
nite tendency to "bleed oil" slightly at room tempera-
ture, and still not melt completely at high temperature. 
A list of greases which satisfy this requirement is given 
below. The first temperature given is the ambient tem-
perature; the second temperature is the highest motor 
temperature at which the grease is still suitable. 

Temperature 
Range 

—20°F to +240°F 

Grease Manufacturer 

Beacon Lubricant M-285 Penola Inc. 

..0°F to +200°F Alemite #33• Alemite Corp. 

—10°F tc +250°F #100 Absorbed Oil E. F. Houghton & Co. 

—5°F to +250°F H.M.P. #3' D. A. Stuart 

• Also suitable for moist atmospheres. 

The greases listed in the above table are suitable for 
most applications, but in some cases it is necessary to 
use "custom built" lubricants. Many weak motors, such 
as K-type, (1/2000 hp) require a special lubricant, as do 
speed reducer motors used in aircraft. 
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Ball Bearing Lubrication 

Motors 
which are in special service or operating 
under special atmospheric conditions must 
have specially selected lubricants in order 
to allow the motor to operate at highest 
efficiency. 

Like most products of industry, lubri-
cants have been vastly improved in the 
past few years. The increased use of ball 
bearings in fmall motors has lent impetus 
to research into providing suitable greases 
which are stable and noncorrosive, and 
which may be used over wide temperature 
ranges or for special operating conditions. 

For applications where shaft speeds are 
less than 5000 rpm, where the ambient operating temper-
atures are from 40F to 90F, and where the motor tem-
perature rise is less than 70F, the usual lubricants serve 
very well indeed. The surrounding air must also be free 
from corrosive gases and dust and must he reasonably 
humid but not unusually moist.. Two lubricants in com-
mon use under these normal operating conditions are 
STARFAK M (Texas Company) and SUPERLA No. 2X 
(Standard of Indiana). These lubricants are satisfactory 
for a temperature range of +30F to +200F. 

When operating temperatures and conditions vary from 
normal, the use of the correct modern lubricants becomes 
of the utmost importance. For example, temperatures 
met by motors in aircraft service may vary over a wide 
range. In northern winter or high altitudes —40F may he 
encountered. Planes serving in the Canal Zone may 
encounter temperatures as high as 120F. In addition, 
confined air space and heat from adjacent equipment 
might raise the operating temperatures beyond 2C0F. 
Sudden variations are also involved, as the plane which 
descends from the cold air of high altitude to a field in 
the tropics undergoes a great temperature charge in a 
short time and makes possible moisture condensation on 
metal parts. 

Another difficulty that must be considered is the fact 
that such motors may be only eccasionally operated. Long 
periods of inactivity demand a grease of great stability. 
It must also he a low-torque grease because of the small 
horsepower of the motor in which it is used. Therefore, 
a number of requirements must be met in specifying a 
grease of this type, as indicated in the list below: 

1 — Low pour point (oil in grease must pour at low 
temperatures) 

Tnd shield from Rodin, ball.-4esr.'ng 
inot,se showing grease -packed ¿ear 

2 — High melting point (grease must hold 
its body at high temperatures) 

3 — Oxidation resistance 

4 — Stable in the presence of moisture 

5 — Must adhere well to the entire steel 
surf ce of the bearing 

6 — Must enable the bearing ro turn 
freely — not a "sticky grease" 

Ore of the few greases which approxi-
mate these special requirements is the 
labricant Andok "C" (Standard of New 
Jersey). 

Under certain conditions (such as in 
motors with low starting torque) it is de-
sirable to use external lubricants which 
will gradually seep into the bearing. Thus 

solidifying of the grease will not prevent the shaft from 
turning. In such cases a grease that has a tendency to 
bleed is used. 

There are several greases which might be satisfactory 
for general service, but which have some one limiting 
characteristic which makes them more specialized in appli-
cation. Some makes of grease may be used only where steel 
retainers are used, as they will corrode when used with 
brass. Others cannot be used in sealed ball bearings. 
Grease for motors used in submarines or under other high 
moist.ire conditions must be very water repellent. Under 
such conditions it is often desirable to use an external felt 
oil reservoir where the design of the motor and available 
space allow this construction. 

The following table lists some greases which have been 
•found satisfactory for use in ball bearings within the given 
temperature ranges. These lubricants are satisfactory for 
most, but not all, fractional horsepower motors. 

Tent! erat u re 
Range C re ase 

—30F to +250F 

—20F to +200F 

+30F to +250F 

+10F to +250F 

+40F to +300F 

Andok "C" 

Starfuk M 

Superla No. 2X 

Gargoyle BRB No.3 

Massed No. 177 

Manufacturer 

Standard Oil, N.J. 

Texas Company 

Standard Oil, Ind. 

Socony Vacuum 

Borne & Scrymscr 

THE BODINE MOTORGRAM 
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LUBRICATION - SLEEVE BEARINGS 

Wool Packed Type of Sleeve Bearing 

If the motor is equipped with sleeve bearings, always 
use a small oil can, which has a spout small enough to 
go down into the oiling cup or filler. Never use a can 
and pour the oil into the motor. This procedure may 
result in oil getting inside the motor. This oil will collect 
dirt and finally trouble will result. All motors have an 
oiling system which is easily accessible and on the out-
side. Never attempt to oil around the shaft on the inside 
of the motor as this is not necessary. Never get even one 
drop of oil on the commutator or brushes. Under normal 
conditións a sleeve bearing motor should hold enough 
oil to last from 3 to 6 months. 

Over-oiling of the bearings should be avoided. It is a 
good plan to inspect the wool packed type every 4 months 
and add oil. Add only a small amount and wait for it 
to run down into the wool packing before adding any 
more. When oil begins to flow out of the overflow hole 
on the bottom, the bearing is full. Wipe off the excessive 
oil from around the overflow hole with a clean, dry rag 
or piece of waste. 
Under normal temperature conditions, such as the 

central part of the U.S.A., a good grade of engine oil 
having a viscosity of SAE 10 should be used in waste or 
wool packed bearings. When oiling the bearing on the 
commutator end, do not get even one drop of oil on the 
commutator or brushes. 

.ne roe. elm« ea. 

Urme. • P.K. e'en, el 'tam la, 
Overfire 

Oil Bing Type of Sleeve Bearing 

Arc macho. Sweoue 

Arv 

•••• 

The oil ring type of motor sleeve bearing should be 
inspected every 2 or 3 months, and no oil need be added 
until the oil level is or more below the top of the 
gage or filling device. Wipe any oil from motor surface 
with a clean, dry rag or piece of waste. 
Use a good grade of engine oil having a viscosity of 

SAE 20. Make sure that no oil gets on the commutator 
or brushes. 

FELT PI NGS 

.1-01 L 

AIR BYPASS 
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LUBRICATION - BALL BEARINGS 

Sealed Cartridge Type 

LIBERAL 
SUPPLY 

OF 
GREASE 

SNAP 
RING 

REMOVABLE 
SEAL 

SNAP 
RING 

DOUBLE 
WIDTH 
BEARING 

If no greasing plugs or fittings are on the outside of 
the end bell, the bearing is the sealed cartridge type. This 
type has the retaining grease seal built into the bearing 
itself. The grease provided in this bearing will be suf-
ficient for at least three years. No grease need be added 
within this time. It is recommended at the end of three 
years the end bells of the motor be removed exposing the 
bearings on the shaft. Remove the snap ring and remov-
able seal from the outer end of the bearing and examine 
the grease. If the grease is discolored and has a bad 
odor, the bearings should be cleaned with carbon tetra-
chloride or an equivalent solution. Repack with a good 
grade of grease especially made for ball bearing electric 
motors. Do not pack tight. Only about one half of the 
grease space should be used. Tightly packed bearings 
will overheat. If the grease on exam- ination shows no 
discoloration and has no offensive odor, the shield may 
be replaced and the bearing put into service for several 
years more, after which it should be again examined. 

Standard or Greaseable Type 

REMOVE 
EXCESS GREASE 
WERE 

ADD 
GREASE 
HERE 

OUTER BEARING 

Fl LLER PLUG PACE PISTON RING 
SEAL 

OUTER 
CAP 

DRAIN 
PLUG 

If the end bells have a grease plug or fitting, the bear-
ing is the standard or greasable type. This type should 
have sufficient grease to last at least one year. After this 
period, grease should be added in the top plug or fitting. 
Do not use a high pressure grease gun. Only a small 
amount of good grades of grease especially made for ball 
bearing electric motors should be used. Some motors are 
equipped with an overflow sump in the end bell and a 
removable plug in this sump. When too much grease has 
been added to the bearing, the excess will run into the 
sump. When the sump is full, it will be carried out the 
plug hole. Therefore, on this type of motor, the bottom 
or overflow sump plug should always be removed while 
greasing the bearings. When this sump is overflowing, 
it is a good practice to remove the end bell and wash 
out the bearing and sump. Repack the bearing by filling 
only about one half of the grease space around the balls 
of the bearing and then reassemble the end bells. 
Some motors are equipped with a cast iron housing or 

cartridge which will be around the bearing when the end 
bell is removed. In this case, it will be necessary to 
remove the cap from the cartridge so the bearing is 
accessible for cleaning and repacking. The same pro-
cedure as for the greasable bearings should be followed. 

All ball bearing motors should have only a small 
amount of grease added at each greasing. If the end bell 
has no grease sump, greater care must be taken or else 
the grease may be forced inside the motor. In any case, 
when the end bell on the commutator end is removed, it 
should be marked and same precautions as under clean-
ing should be followed when replacing it. 
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GENERAL•ELECTRIC Motors and Generators 

Check air gap for bearing information before taking down the motor or 
generator. It will be useful after bearings and journals have been reas-

sembled. Bearings that contain oil should be drained at the start to avoid 
spillage and waste. It is preferable to move a motor to the shop for over-
hauling, where the parts can be kept clean and in good order. Coupling-halves, 

pulleys, pinions, and fans should be removed by a puller. Serviceable pullers 
can be made largely from existing parts in the shop. Severe hammering or 
wedging is likely to injure other parts, as well as those being removed. 

Clean each part immediately; put them all in a clean place under paper or 
cloth cover. 

If it is necessary to remove a ball bearing, use a puller, maintaining a uni-

_ form pull all around so as not to distort 
the bore of the race, and to avoid 
shaving the shaft. 

Rotors or armatures may be lifted 
slightly by rope slings when moving out 
of stator. Dragging over punchings 
should be avoided. 

End shields (bells or bearing housings) 
usually are provided with ledges or 
wedging recesses, so that reasonable 
tapping or wedging will separate the 
rabbet fit without upsetting or bruising 
the keen edges. 

parts 
bring 
parts 

Smaller parts that are disconnected, 
such as field connections, yokes, brush 
holders, collector rings and the like, 
should be cleaned, tagged, and put 
aside in order, where they will not 
get mixed up with similar parts from 
other units. Field coils, armatures, 
and wound rotors should he carefully 
handled and placed in a suitable sup-
port to avoid bruising or cracking the 
exposed insulation. Rehandle as little 
as possible. 

When the motor is being reassembled, 
should not be forced together; it is better to find the trouble and 
things into position without marring or distortion. Start with 
clean, and keep them so during assembly operations. 

Check air gap again, and compare with previous check. Line up motor 
carefully when it is put back into service. If a coupling is used, check to 
make sure the faces are parallel, and that the shafts are in line before 
setting up the coupling. A flexible coupling calls for equally good align-
ment. 

Make sure that fans have been replaced, and that lubrication has been 
provided. 

Restore all enclosing features and replace broken or missing fastenings. 
Explosion-proof motors call for great caution in maintaining exact fit at all 
joints. 

Reconnect ground wire. Check conncctions with diagram, especially on 
two-voltage motors. Turn motor by hand, or if connected to a machine, use a 
lever if possible. Note any binding, noises, or uneven torque and make 

corrections if needed. Apply voltage, and operate motor unloaded for a 
little while, noting ventilation, lubrication, speed, and noises. 

Remove all dirt and rubbish around the machine. 

Make a special inspection within a few days after putting motor into 
service; regular inspection time may be far off. 

DISASSEMBLING AND 
ASSEMBLING 
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Motors and Generators 

CLEANING WINDINGS 

DRYING WINDINGS 

After a flood, G-E R-40 infrared-ray lamps 
were used to dry out the generator and exciter 
without moving any of the equipment. 

GENERAL ELECTRIC 

Many motors are located where dust accumulates on windings and in 
ventilating ducts. Oily vapor and paper or textile dusts build up, and 
block off, ventilation, leading to overheating of windings. Conducting 
dusts shorten creepage distances and penetrate windings, causing short 
circuits and grounds. Hard, sharp dusts abraid insulation, and shorten its 
useful life as they are driven past vulnerable surfaces by ventilation air. 
Cast-iron dust is a vicious enemy of insulation, because it is magnetic and 
is agitated by stray fields. Light, comparatively harmless dusts can be 

blown out with low-pressure, dry air. Grit, iron dust, carbon, and copper 
dusts should be removed by suction. Hose tips for either pressure or suc-

tion should not be of metal. 
Grease and oil can be removed by the conservative use of a solvent like 

carbon-tetrachloride, which evaporates quickly. After cleaning, dirt can 
be blown out. If dirt is excessive, this process must be repeated several 
times. Excessive applications of solvent will soak into inaccessible places, 
where it may soften and harm insulation. Vapor of the solvent mentioned 
does not present afire or explosion hazard, but has toxic effects, therefore, 
making good ventilation essential wherever this solvent is used. 

If motor windings require very frequent cleaning, consider substituting 

an enclosed motor, or take steps to keep dirt away from the motor. 

Motors in continuous operation will stay at a temperature sufficiently 
above room air to prevent condensation of moisture on and about the 
windings, even if the location is very steamy. Cold motors, however, 
accumulate moisture readily, which causes gradual deterioration of 
insulation. Where motors have to be idle for a long time, lamps or small 

space heaters should be installed, to keep the windings a few 
degrees higher than the surrounding temperature. 
Dampness will be indicated by low insulation resistance. Deep 

penetration of dampness calls for special treatment. External heat 
can be applied under a canvas cover, well vented. Heating should 
not go beyond 90 C, as water must not be boiled in the insula-
tion. If this is not successful, consult the nearest G-E service shop. 
Current can be circulated through the windings by applying a low 
voltage to the windings. Current should be only a fraction of full-
load current, and the temperature limitation of 90 C, should be 
observed. Resistance tests should be taken at intervals to note the 
trend. The motor can be put into load service somewhat below 
the recommended reading in megohms, because load heating will 
continue the drying-out process. 

If the motor has been submerged for a long time, it must be 

carefully checked to see if rewinding is necessary. In the case of 
d-c machines, water between the commutator bars and the shell 
may be the source of low ground resistance instead of the windings. 
Rewinding is almost certain to be required sooner or later, if 
the motor has been "drowned" in salt water. After cleaning, 
some salt may remain, and if so, it will combine with moisture 

from the air. Totally enclosed motors, if idle in a damp place, 
should be examined periodically, as the insulation may gradually 
absorb moisture from the entrapped air. Presence of water in 
enclosed motors almost invariably indicates leakage at shield 
joints, handhole covers, lead entrances, etc. Such leakage may be 
avoided by use of sealing greases or compounds. 

Infrared-ray lamps can also be used for drying 
small motors. 
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PEERLESS ELECTRIC COMPANY 
CARE AND OPERATION OF MOTOR OR GENERATOR 

To Disassemble Motor or Generator  

Disconnect and move motor or generator that is to be serviced to a convenient 
bench. In disassembling motor or generator, it is best to start at the commu-
tator end, remove the following parts in sequence named, the four small screws 
holding the end cap, the bearing lock nut, the four hood bolt screws, open 
cover on commutator hood, loosen rocker arm set screw, rotate rocker arm, 
raise all brushes off the commutator and lock brushes in raised position with 
brush springs. Remove these two rocker arm set screws, slide complete rocker 
arm toward inside of motor so as to clear hood; do not remove leads, See 
Drawing B-4681. Fasten Puller Cap to hood with hood cap screws. Then with 
Pulley Puller in position as shown on this drawing, remove Commutator Hood. 
To remove bearings from this hood, get a round piece of wood that will go in 
shaft hole on inside of hood. With hood held bearing down, push wood against 
bearing. It will drop out. Have a clean piece of paper for bearing to fall 

on and immediately wrap bearing in this clean paper to keep any more dirt from 
getting on bearing. 

(Caution) DO NOT TRY TO REMOVE ARMATURE UNTIL PULLEY HOOD IS OFF, AS FAN WILL 
INJURE WINDINGS. 

Remove pulley hood and bearing in same manner as the commutator hood. Then 
armature can be removed out pulley or fan end. Wash bearings in cleaner to 
remove old grease and dirt, blow out with an air hose. While bearings are out, 
check to see if they run free and are fairly quiet. If not, replace with 
new bearings. 

Clean brushes, brushholders, and brushholder insulation of all grease and dirt. 
Use a clean cloth dipped in cleaner, wipe dirt and grease off both ends of 
coils on armature and field; in other words, remove all dirt and grease from 
your motor or generator. 

If a single phase, Repulsion-Induction motor is being serviced, while armature 
is out, remove split ring, governor weight guide, governor weights, short-
circuit weight assembly, and spring. Clean these parts and wipe under side of 
commutator. If there are any signs of pitting better put armature in a lathe 
and true up, finish with No. 00 sandpaper, wipe clean before reassembling. 

To Reassemble Motor or Generator  

Place armature in field from pulley end commutator first, then assemble parts 
as follows: rocker arm on commutator hood, commutator hood on shell, fasten hood 
with the four hood bolt screws, assemble ball bearing, and lock washer and nut. 
Then return to pulley end, assemble pulley hood, fasten with hood bolt screws, 
assemble ball bearing, lock washer and nut. In assembling these ball bearinge 
on shaft, use a piece of steel tubing that will fit over the shaft, and not 
larger on outside diameter than the inner race of the ball bearing, a piece of 
pipe will be good if the ends are square, so that all the driving force will 
be on the inner race of the bearing. You are now ready to grease bearings. 
(See Sheet on Bearings, Care and Lubrication) 
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ALTERNATING—CURRENT MOTOR TROUBLES 

AC. MOTOR FAILING TO START  

1—CAUSES OUTSIDE OF THE MOTOR: Since Peerless motors are fully 
tested and inspected before shipment, any trouble which appears 
to lie within the motor, may, in the majority of cases, be due 
to causes outside of the motor. Therefore, in case of trouble, 
thedriven apparatus should be carefully inspected for overldads, 
binding, lack of oil, etc. 

2—NO VOLTAGE: Check the voltage in all phases at the motor 
terminals with test lamp or voltmeter. Check for blown fuses 
or open overload device in the starter. Be sure to check all 
phases separately to detect single phasing. 

3—LOW VOLTAGE: Measure the voltage at the motor terminals with 
the switch closed. Voltage should read within 10 per cent of 
the voltage stamped on the motor nameplate. Overloaded 
transformers or circuits can be found by comparing the voltage 
at the motor terminals with the volt-ge at the power source with 
the switch closed. 

4—GROUNDED FIELD: If the motor gets very hot, produces shock 
when touched, or if the idle watts are excessive, test for field 
ground with test lamp across field leads and frame. If grounded, 
remove the motor to shop for repairs. 

5—OPEN CIRCUITED FIELD: Apply current to each winding separately 
with a test lamp. Do not leave the windings connected too long 
while the rotor is stationary. If any winding is open remove 
the motor to a shop for repairs. 

6—SHORT CIRCUITED FIELD: If the motor draws excessive watts and 
at the same time lacks torque, gets hot or hums, a shorted field 
is indicated. Remove to shop for repairs. 

7—EXCESSIVE LOAD: May be approximately determined by checking 
the ampere input with the nameplate marking. Excessive load 
may prevent the motor from starting or accelerating to full 
speed. (See Paragraph 4 and 8 sheet #d) 

8—TIGHT SLEEVE BEARINGS: Test by turning the armature by hand. 
If adding oil does not help, check the bearing alignment. If 
the bearing has been hot and is still tight, it may be necessary 
to disassemble the motor, polish the shaft and bearing and clean 
out the oil groove in the bearing. 

9—BELT TOO TIGHT: (See Paragraph 11, Sheet D) 

10—IF MOTOR HAS BURNED OUT: Have motor rewound. Before 
reinstalling, ascertain the cause of the burnout. 

NOISY OPERATION  

11 —WORN BEARINGS: A heavy rumbling, especially noticeable at 
starting, may be due to worn bearings permitting the rotating 
element to rub on the field. Replace the bearings. Ascertain 
the cause of the wear. (See Paragraph 11, sheet d) 

12—INSUFFICIENT LUBRICATION: See that the bearings always have 
sufficient lubrication. Wool yarn bearings, when once properly 
()ilea, rarely require additional oil. Ball be-,rings, the housing 
should be about one half full of ball bearing grease and such 
grease should be added when necessary to bring the level up to 
this point before the motor is started. 
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ALTERNATING CURRENT MOTOR TROUBLES - Continued 

HOT OR RAPID WEARING BEARINGS  

13-CHECK 01: The oil may be too light, or too heavy, or in 
insufficient quantity. (See the tag furnished with the motor.) 
On wool yarn bearing motors be sure the yarn touches the shaft. 
If bearings have become clogged with dirt, clean thoroughly and 
add new oil or grease. Worn bearings should be replaced. 

14-DIRTY BEARINGS: Dirty bearings may cause heating. If yarn 
packed, remove and wash the yarn in kerosene. If ball bearing 
remove old grease entirely, replace with free) grease. Use 
extreme care not to allow dirt or grit to enter bearing housings 

15-TIGHT BELT: The belt may be too tight. (See Paragraph 11, 
Sheet d) 

16-PULLEY RUBBING: The pulley may be rubbing against the bearing 
housing or the shaft may be sprung. Look for excessive thrust. 

17-ALIGNMENT OF MOTOR ASSEMBLY: The bearing could be too tight. 
Make sure the end brackets fit snugly against the frame and that 
there is no dirt in the joint between them. Make sure that the 
rotor is properly centered in the stator. Check air gap. 

18-ALIGNMENT OF DRIVE: Check the alignment of driven machine. 
Be sure the belts or coupling do not put heavy thrust or strain 
on the bearings. 

IF OPERATION OF MOTOR IS UNSATISFACTORY 

19-IF MOTOR RUNS HOT: Do not judge temperature by hand. A 
thermometer is necessary. Motor insulation will successfully 
withstand a maximum observable temperature of 95°C (2.)0°F) 

Check for grounded field. (Paragraph 4, Sheet # f) 
Check for short circuited field. (Paragraph 6, Sheet # f) 
Check for tight bearing. (Paragraph 8, Sheet # f) 
Check for wrong line current. (Paragraph 3, Sheet d and 
Paragraph 3, Sheet f) 
Check for excessive load. (Paragraph 7, Sheet # f) 
Check for loase parts on the motor, loose hold-down bolts, 
loose pulley, bad alignment, bad belts, sprung shafts. 
Check for unbalanced rotor or burrs on the shaft shoulders. 
Check for uneven air gap. 
Check for low voltage. (Paragraph 3, Sheet # f) 
Check for single phasing. (Paragraph 2, Sheet # d and 
Paragraph 2, Sheet # f) 
Check for broken or burned rotor bars. 

20-IF MOTOR DOES NOT COME UP TO SPEED: Make the same checks 
as in Paragraph 19, Sheet # g. In addition to above, make sure 
the air gap is free of any foreign residue such as dust, dirt 
or paint spray. If air gap fills up, this will over load 
motor and cause undue heating. 
If motor is operating in dirty surroundings, the motor 
ventilating fan will suck in dirt which fills up the air gap. 
So keep air gap clean. 

(Peerless Electric Company) 
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CARE AND OPERATION OF DC MOTOR OR GENERATOR 

Motor or Generator Overheating. 

1. Entire Motor or Generator  
a. Insufficient ventilation due to blocking of ventilating holes, 

this would result in a uniform overheating of the generator. 
b. The motor or generator should be thoroughly cleaned internally 

by blowing out foreign matter with clean, dry, compressed air. 
This should be done with the armature turning slowly and with it 
stationary. With the armature stationary insertthehose in the 
fan openings and thoroughly blow out the rear armature windings 
and field coils. Extreme care must be taken to be sure the insu-
lation is not damaged during this operation. Clean the commuta-
tor end of the fields by blowing air directly on them. 

c. Overloading the motor or generator will result in excessive heat 
in the armature and field coils. In extreme cases an odor of hot 
insulating varnish may be noticed. 

d. See if fan is tight on shaft. 
2. Armature Overheating 

a. Excessive overloads would probably produce a noticeable odor of 
overheated varnish or charred insulation in the exhaust air from 
motor or generator. The commutator would eventually become 
blackened and pitted, and the brushes burned. In extreme cases 
there is a possibility of melting the solder out of the commutatol 
bars. The overheating would be general and uniform. The remedy 

is to remove the overload. 
b. An open circuited armature coil would cause flashing at the com-

mutator. Two adjacent bars will show severe burning, and over-
heated armature will result. The remedy is to repair or replace 

armature. 
c. Short-circuited coils or commutator bar would cause local heating 

which would destroy the insulation locally and would probably 
result in the burning of the armature coils, banding wire, or 
commutator bars. Solder may be thrown out of the commutator bars. 

The remedy is to replace the armature. 
d. Ground'. '.11 the armature circuit may be detected by using a 110 

volt or 220 volt circuit with a lamp of corresponding voltage in 

series with test points, and with the brushes lifted off the com-
mutator. Place one terminal against the commutator and the other 
terminal against the motor frame. The lighting of the lamp indi-
cates the presence of one or more grounds in the armature. 

3. field Coil Overheating  
a. The most common cause of overheated field coils is a short in one 

of the shunt coils. Any turns of wire that might become shorted 
will increase the field current and cause excessive heating. 

b. To check for a shorted coil, apply line voltage to shunt coils 
only. A voltmeter should read one half of line voltage across 
either coil. If shorted, the defective coil will show less than 

one half of line voltage. New coil should be installed. 
C. A grounded coil may cause overheating. This defect may be indi-

cated with test points as described under ground test for armatures. 
With brushes lifted, place one test point on either motor lead, the 
other on the motor frame. If Lamp lights, a ground is indicated. 
Field coil must be re-insulated or replaced. 

d. An open field coil will prevent a generator from "building up" volt-
age, while on a motor it will cause the armature to rotate at a very 
high speed and cause flashing at the commutator. To locate open 
coil, apply line voltage to shunt coils (brushes lifted). A volt-
meter will indicate no reading across the good coil, but will show 
approximate line voltage across the open coil. A new coil must be 
substituted for the open one. 

(Peerless Eleetrio Company) 
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MAINTENANCE & TROUBLE SHOOTING 

A MACHINE MAY FAIL TO START OR IMPROPERLY OPERATE DUE TO-
1. Opens, loose connections or high resistance contacts in the motor, line or 
starter. Use a test lamp or a voltmeter and make a continuity test as shown by 
sketch. 

LINE 
OVERLOAD RELt RSE COIL 

REL• Y CONTACTS 

(e.) 
TEST LM410 

ARMATURE- INTERPOLE 
STARYINO WINOINIk 
11,3.515ToR 

--.AAA\novv 

2. Worn bearings, on small machines and bearings can be tested by moving the 
shaft. If bearings are worn there will be a noticeable clearance between the 
bearing and shaft. For a more accurate test measure the air gap with an air gap 
or thickness gauge. For best condition the surface of all field poles should be 
the same distance from the armature core. Use the same position on the armature 
for all tests. 
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5. Incorrect field pole polarity. Field pole polarity will not reverse itself. 
This trouble occurs when field connections are being made between coils. Ad-
jacent poles should produce opposite polarity otherwise maximum field strength 
will not be produced. A weakened field will cause a motor to run at a speed 
higher than normal and decrease the amount of torque it will produce. 

INCORRECT POLARITY CORRECT POLARYTY 

RACTI011 

A magentic compass or large 
nails can be used to deter-
mine if adjacent poles are 
opposite polarity. 

N 

REPULSION 

N 

4. High or ')w line voltage. The armature of a shunt or compound motor will 
overheat if the line voltage is lower than normal if the motor is carrying its 
full load. High line voltage will cause the shunt field to overheat. Series 
motors will not be affected except the speed will vary with the voltage applied 
to the motor. 

5. Operating temperatures. The temperature rating on the name plate is the 
amount of heat the machine will produce when operating with full load. The 
maximum operating temperature for any machine is the name plate temperature plus 
normal room temperature. Example - Name plate temperature 40 degrees centigrade 
- Normal room temperature is always considered to be 40 degrees centigrade. 

This machine will operate at a temperature of 40° plus 40° or 80° centigrade 
which is equal to 176 degrees fahrenheit. The following formulas are used to 
change fahrenheit to centigrade or vise versa. F equals (C times 1.8) plus 32 
C equals (F minus 32) divided by 1.8. 
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TESTING A MOTOR TO LOCATE I 
CORRECT BRUSH POSITION 4/  

MAINTENANCE & TROUBLE SHOOTING (continued) 

6. Brushes not properly fitted to the commutator. Use sandpaper, brush jig or 

brush seater stone to fit or seat brushes. 

BRUSH 

BRUSH 
SPRING 

SANDPAPER 

7. Brushes off neutral position. This condition will cause brush sparking and 
cause a motor to operate at a speed higher than name plate speed. The correct 
position can be located by using one of the following methods. 1. If the ma-
chine is operating with load shift the brushes to a position of sparkless commu-
tation. 2. Connect a voltmeter across the brushes of a motor and the shunt 
field circuit. The brush position giving the lowest voltmeter reading will be 
the correct position. The motor must not rotate while the test is being made. 
For a generator the brush position giving the highest voltage will be the correct 
position. The generator should be operating without load when the test is made. 

TEST MI, A «MUMMA( TO LOCATE 

CCMPEUT RUS l4 PO SIT 10,4 

BRUSH HOLDER 
BRUSH -1%6 

1 
1 
1 
1 
1 

BRUSH 
SLATER ST ONE 

POOR BRUSH TENSION 

8. Poor or unequal brush tension. Apply equal tension of 1 to 3 lbs. per square 
inch of brush surface on the commutator. Measure brush tension by using a small 
spring scale. 

9. High mica. Use hack saw blade or undercutting machine and undercut the mica 
about 1/16 inch. 

10. Wet or oily windings. All damaged windings must be properly cleaned and 
repaired before drying. Use carbon tetra chloride or other agents for cleaning. 
Dry windings by baking at 180 F. until dry. Motors can be dried out by operat-
ing them with an ammeter and a regulating resistor connected in series with the 
machine windings. Adjust the regulating resistor so the current through the 
chine windings will not exceed name plate value. After machine has been dried 
out make an insulation test to determine the condition of the insulation. 

11. Rough or dirty commutator. Smooth commutator with sandpaper or commutator 
stone. True commutator by turning it in a lathe or using tools made for that 
purpose. After trueing a commutator in a lathe use #000 or #0000 sandpaper to 
smooth commutator. Clean commutator with fine sandpaper or use a cleaning agent 
such as carbon tetra chloride. It is best not to use a cutting agent for clean-
ing. Never use emery cloth or a lubricant of any kind on a commutator. 

12. Incorrect grade of carbon brush. Carbon brushes vary in capacity from 40 I 
to 125 I per square inch of brush surface in the commutator. When renewing 
brushes always be certain that the brush used has sufficient capacity to carry 
the load without overheating. 
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A.C. Motor  Name  Number   

1. Clean any dust, dirt or oil from frame and metal parts   
2. If ventilating ducts in winding are clogged, clean carefully   

Do not damage insulation. 
3. Check shaft, duct seal at both sides of bearing, Good Bad  
4. Oil leaks at bearings, Leaky No Leaks  
5. Oil Well Covers 0.K Defective Missing  
6. Oil Well Drain 0.K Leaky Oil Good Poor  
7. Oil level as shown by indicator Full low  

8. With motor running does wither bearing heat Pulley end Opposite end  
9. Bearing retaining screw (See bearing diagram) Tight.....Loose  

10. Shaft end play Measure and state amount  
11. Oil Rings Turn freely Sticking  
12. If pulley or gear Tight Loose  Motor vibrates Yes No  
13. Key way Good Worn Key Good Worn  
14. With motor running note any unusual noise Quiet Noisy  
15. Run motor single phase and note sound and behavior. 
16. Connections and Lugs Loose Tight Unsoldered  
17. Bare wires touching frame none one or more  
18. Condition of stator winding (A) Condition of insulation Good Bad  

(B) Oily Dry  (C) Caked Grease Yes No  (D) Bare conductors 
Yes No  (E) Poor taping Yes No  (F) Loose connections 
Yes No  (G) Clearance between rotor and stator or poles, (pulley end) 
check with air gap gauge and mark measurements Top Bottom  
Right side Left side  

19. If machine has wound rotor check for: (A) Condition of insulation Good  
Bad  (B) Oily Dry  (C) Caked grease and dirt on windings Yes  
No  (D) Bare conductors Yes No.... (G) Solder thrown from connections 
Yes No  (H) If machine has commutator, is brush setting correct Yes.... 
No  (I) Brush pig tails Loose Tight  (J) Brush gear, Mechanical 
condition of holders Good Bad  (K) Brushes, Poor Contact Yes  
No  (L) Brush sticks in holder Yes No  (M) Brushes too loose in 
holders Yes No  (N) Brushes too long Yes No  Too short 
Yes No  (0) Slip rings pitted or worn Out of Round Dirty  
Poor insulation  (P) Brush Spring tension Even. uneven too much.... 
0.K Too little  (Q) Slip rings to rotor connections 0.K Poor  
(R) If machine has commutator is it 0.K Dirty High Mica  (S) Band 
wires tight Loose  (T) Squirrel cage rotor bars Tight Loose or 
thrown solder  

STARTING EQUIPMENT 

20. (A) Loose connections Yes No  (B) Contactors clean and well fitted.... 
Pitted Dirty Worn  (C) Spring tension on contactors Equal  
Unequal.... (D) Do all contactors make contact at the same time Yes....No.... (E) 
Does magnet holding arm, line up squarely with magnet poles Yes No  
(F) What type of overload relay is used Thermo....Magnetic.... (G) Condition 
of trip contacts Good....Bad.... (H) If time relay is used is it mechanical.... 
or magnetic  (I) If time relay is used is its condition Good Bad  
(J) Are interlocking contact switches in Good....or Bad....condition (K) Does 
starter use a mechanical interlock Yes....No....(L) Are any mechanical parts 
loose Yes....No.... (M) Are starting or holding magnets Noisy....Excessive 
Magnetic hum,...Quiet.... (N) are shading coils used on magnets Yes....No  
(0) Make a note of anything unusual in starter operation. 
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INSTALLATION AND OPERATION OF A.C. OR D.C. MOTORS  

SOME THINGS TO DO BEFORE STARTING YOUR MOTOR  

1-UNPACKING: When unpacking the motor look for signs of damage 
in transportation and report any damage at once. Save the 
connection diagrams and instruction tags shipped with the motor. 

2-CHECK LINE VOLTAGE: Make certain that the line voltage, phase 
or frequency agree with the nameplate marking of the motor. If 
the motor is dual voltage A.C. motor, see that the leads are 
connected for the voltage on which it is to operate. 

3-OVERLOAD PROTECTION: See that the proper size fuses or 
overload protective devices are installed in the line. (See the 
latest edition of National Electric Code.) 

4-MOTOR AND LOAD SHOULD TURN FREE: With the belt removed, or on 
a direct connected unit, with the minimum load, see that the 
rotor turns freely and that the driven machine can be turned 
easily by hand. 

5-SLEEVE BEARING LUBRICATION: Make sure that the bearings are 
lubricated in accordance with the instruction card attached to 
the motor. If wool packing is used, see that sufficient oil is 
supplied to thoroughly saturate the yarn before the motor is 
put in operation. (This will require about one minute.). 

6-BALL BEARING LUBRICATION: Ball bearing motors are shipped 
packed with sufficient grease in the bearings to last for a 
limited period. Normally about one year. 

7-SECURE FOUNDATION: See that the motor is securely fastened to 
its base or foundation. 

8-CHECK MOTOR AND CONTROL DIAGRAMS: See that all connections 
have been made in accordance with the instruction card or 
connection diagram furnished with the motor--also the diagram 
furnished with switch or starter.Do not throw these instruction 
cards or diagrams away--they may be useful at some future date. 

9-GROUNDING THE FRAME:Exr.pt on portable units, the motor frame 
should be grounded. A wire of the same size as the largest lead 
of the motor should be used,and this wire connected permanently 
under one of the screws that holds the terminal box to the 
motor. 

10-CHECK ROTATION: Run the motor for a short time without load 
to check starting and the direction of rotation. If the 
rotation must be changed, consult the card or the wiring 
diagram furnished with the motor. If standard three phase 
motor, interchange any two leads. 

11 -PROPER BELT TENSION: The belt should be only 'Het enough to 
prevent slipping. Check the alignment of the driving and the 
driven shaft, couplings or pulleys. Too great a belt tension or 
misalignment may prevent the motor from startinq with load or 
cause rapid bearing wear. If the pulley ratio is such as to 
require excessive belt tension, the ratio must be chanvid. If 
possible, the lower side of the belt sh ,uld be the tension sida, 

12-EXPOSED TO DIRT. GRIT. OR MOISTURE: If the motor has been 
exposed to dirt,rit, or moisture, as in damp locations, new or 
unoccupied buildings, clean and dry thoroughly. If the windings 
have been exposed to moisture, remove motor to the shop for 
drying. Never start a motor which has been wet without having 
it thoroughly dried, either by baking in an oven at not more 
than 95° C. (200° F), or by passing a low voltage current through 
the windings until it is dry. 
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PERIDDIC INSPECTION OF ELECTRIC MOTORS 

A systematic end periodic inspection of motors is necessary to insure 
best operation. Of course, some maChines are installed where conditions 
are ideal, where dust, dirt, and moisture are not present to an appreciable 
degree; but most motors are located where some sort of dirt accumulates in 
the windings, lowering the insulation resistance and cutting down creepage 
distances. Some dusts are highly abrasive and actually cut the insulation 
in being carried through by the ventilating air. Fine cast-iron dust 
quickly penetrates most insulating materials. Hence the desirability of 
cleaning the motors periodically. If conditions are extremely severe,open 
motors might require a certain amount of cleaning each day. For less severe 
conditions, weekly inspection and partial cleaning are desirable. Most 
machines require a complete overhauling and thorough cleaning about once a 
year. For the weekly cleaning the motors should be blown out., see following 
paragraph. 

CLEANING ELECTRIC MOTORS  

About once a year, motors should be taken apart and cleaned as follows: 
First, the heavy dirt and grease should be removed with a heavy, stiff 

brush, wooden or fiber scrapers, and clothe. Dry dust and dirt may be 
blown off, using dry compressed air at moderate pressure, for example, 25-to 
30-lb pressure at the point of application, taking care to blow the dirt out 
from the winding. If the dirt and dust are metallic, conducting, or 
abrasive, air pressure may drive the material into the insulation and damage 
it. Hence, for such conditions, pressure is not so satisfactory as a 
suction system. If compressed air at low pressure is used, care must be 
taken to direct it properly so that the dust will not cause damage and will 
not be pocketed in the various corners. 

Grease, oil, and sticky dirt are elaily removed by apolying cleaning 
liquids like carbon tetrachloride, gasoline, or naphtha. All of these 
liquids evaporate quickly and, if not applied too generously, will not soak 
or injure the insulation. Carbon tetrachloride is best and is recommended 
because it is non-inflammable. 

In case one of the other liquids must be used, it should be applied in 
the open or in a well-ventilated room. It must be remembered that gasoline 
or naphtha vapor is heavier than air and will flow into pits, basements, etc., 
and may remain there for hours or even days. 

Proper ventilation of the room is essential. In using carbon 
tetrachloride the explosion hazard is obviated, but, some ventilation is 
required to remove the vapor. 

There are several good methods of appl.ying the cleaning liquid. A 
cloth, saturated in the liquid, may be used to wipe the coils. A paint 
brush, is handy to get into corners and crevices, and between small coils. 
Care should be taken nut to soak the insulation as would be the case if 
coils were dipped into the liquid. While the insulation will dry quickly 
at ordinary room temperature after such cleansing methods, it is highly 
desirable to heat it to drive off all moisture before applying varnish. 

The insulation should be dried out by heating to from 90 to 100°C. 
While the motor is warm, air drying insulating varnish should be applied. 
For severe acid, alkali, or moisture conditions, a black plastic baking 
varnish is best, while, for conditions where oil or dusts are present, a 
clear or yellow varnish should be used. 

The varnish should be sprayed or brushed on. It is best to dip the 
windings into the varnish, cleaning off the adjacent metal parts afterwards 
by using a solvent of the varnish. After applying the varnish, the best 
results are obtained by baking for 6 to 7 hours at about 100°C. Experience 
with particular conditions of operation, or the condition of the insulation, 
may indicate the desirability of applying a sec8nd coat of the same varnish. 
followed again by 6 to 7 hours of baking at 100 C. 

If the machine must be put back in service quickly, or if facilities 
are not available for baking, fairly good results will be obtained by 
applying one of the quick-drying black or clear varnishes wi ich dry in a 
few hours at ordinary room temperatures. 

(Peerless Electric Company) 
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Reversing Fractional tiorsepcwer Motors -1 

in order to eliminate complicated mechanical reversing 
mechanisms and provide more reliable,, efficient drives, 
many devices are now built to be driven with reversible 
motors. Voltage regulators, grinding wheel dressers, vari-
able ratio drives, field rheostats, door operators, scale de-
vices, and telescope chives are some of the places where 
reversing fractional horsepower motors are found. Some 
applications require fast reversing, in others speed regula-
tion is critical, while in still other applications a wide 
range of speed control may be required. Therefore, the 
type of motor chosen depends upon the reversing charac-
teristics that will be needed. 

Some fractional horsepower motors are nonreversible 
because they are built to start and run in a certain direc-
tion only. For example, most shaded pole motors are con-
structed to run in only one direction and would have to be 
completely rebuilt to change the direction of rotation. 
Other motors may be reversed, either at rest or while run-
ning, by changing the direction of flow of current through 
either the armature or field of brush-type motors, or by 
changing the direction of rotation of the magnetic field in 
induction-type motors. 

Reversing motors are divided into two groups. One in-
cludes motors which can be reversed only while at rest. 
These motors cannot be reversed during rotation because 
the starting winding, which gives direction to the rotor, 
has been disconnected from the line by an internal cen-
trifugal switch. The other group comprises those which 
can be reversed during rotation. This is done by changing 
the relative polarity between the windings, so that the 

motor goes from full speed in one direction to full speed 
in the other when a reversing switch is thrown. 

Motors are often specially constructed so that they will 
have the best reversing characteristics available. However, 
such corstruction changes also alter the normal running 
characteristics of the motor. Motors which are reversible 
only while at rest do not have their running characteristics 
affected by their reversing characteristics. All motors re-
versible during rotation, however, have their running char-
acteristics affected by their reversing characteristics. 

For example, skewed-slot armatures improve the re-
versing torque of shunt-wound motors. The greater the 
angle of skew, the quicker the reversal, but the poorer the 
speed regulation. The use of a strong field and relatively 
large air gap are also helpful in reversing, but running ef-
ficiency is lowered. Series-wound motors made for one 
direction of rotation have armature windings connected to 
the commutator with a definite lead. For reversible oper-
ation to give equal power in each direction, the windings 
must be connected neutral (without lead in either sdirec-
tion of rotation). Efficiency and commutation are not as 
good with a neutral lead. 

Inertia-type loads adversely affect the reversing opera-
tion of a motor which is reversed while in motion. If a 
motor las sufficient reversing torque to quickly reverse a 
high-inertia load to which it is connected, excessive strain 
may be placed upon the driven machine and upon the me-
dium though which the torque is transmitted. Capacitor 
start ard run motors which have insufficient torque to re-
verse a given load may continue to run in the original 
direction at a very low efficiency. 

Features 

Fractional Horsepower Motors 
From 1/2000 Hp to % Hp 

Suitable for reversing at rest only  

Suitable for reversing during 
rotation or at rest 

Double-pole double-throw snitch 
required  

Single-pole double-throw switch 
sufficient 

Running characteristics slightly 
affected by best obtainable instan-
taneous reversing characteristics 

of Fractional Horsepower Reversing 

Split Phase 

Non-
Synch.  

X 

Induction Type Reversing Motor 

Capacitor Start & Run  

iNon-Synch.  
4-Lead 3-Lead 

Synch. Rev. Rev.  

X 

X X 

X 

X 

X 

Synch. Multiphase 

4-Lead 
Rev. 

3-Lead Non-
Rev.  Synch.  Synch 

Motors 

• 

Brush Type Reversing Motor 

Shunt Motor  

Full Split-
Field Field 

Compound 
Motor  

5-Lead 
Reversible 

Series Motor 

4-Lead 3-Lead 
Rev. Rev. 

X  X  X  X  X  X X  X 

X X  X  X  X 

X X X X X 

Running characteristics greatly 
affected by best obtainable instan-
taneous reversing characteristics 

X X 
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(4) 
Shunt Motor 

4-Wire Reversible 

Reversing 

Motors designed for quick reversal 
and good reversing characteristics may 
be especially wound for this purpose. 
For example, a split field may be used, 
with the two sections of the field wound 
so that changing the line connection 
from one section of the field to the other 
will result in a reversal of torque. Like-
wise, in a shunt motor a strong field aids 
reversing and quick acceleration. This 
reduces running speed; therefore, these 
specially designed motors generally run 
at speeds not exceeding 2000 revolutions 
per minute. 

Of the reversible motors, split-phase 
motors with the conventional type of starting switch are 
reversible at rest only. Other types of motors may be 
reversed as follows. 

SHUNT WOUND MOTORS. Reversed by reversing 
the current to either the shunt field or the armature (see 
diagram "a" below). The armature current is usually 
reversed because this reverses the flow of current through 
the brushes and prolongs their life. Rate of brush wear 
is affected by electrolytic action, and reversing the current 
at regular intervals equalizes the rate of wear between the 
two brushes. 

Fractional 

Bodine polyphase moior is easily reversible 

COMPOUND WOUND MOTORS. Reversed by re-
versing the current through the armature (see diagram 
"b" below). A compound wound motor generally has 
better reversing characteristics than a shunt wound motor, 
because the series part of the field winding increases the 
field strength during the reversing period. Increasing the 
proportion of series to shunt-field ampere-turns increases 
the reversing torque but impairs speed regulation. 

Horsepower Motors-I1 

SERIES WOUND MOTORS. Re-
versed by reversing the current through 
either the field or the armature. (See 
diagram "c" below. In this case, the 
armature current is reversed.) 

CAPACITOR START-AND-RUN IN-
DUCTION MOTORS. Windings for 
this type of motor resemble those of a 
two-phase motor. There are two inde-
pendent windings, each displaced ninety 
electrical degrees from the other. Rota-
tion is reversed by reversing the current 
through either winding, but it is usually 
more desirable to reverse the connection 
of the main winding. 

Capacitor induction motors can be made synchronou 
by the use of different rotors and can be reversed in the 
same manner. However, changing an induction motor to 
a synchronous type reduces the available power output 

• 
POLYPHASE INDUCTION MOTORS. Two-or three-

phase induction motors have their windings — one for 
each phase — evenly divided by the same number of elec-
trical degrees. Reversal of the 2-phase motor is accom-
plished by reversing the current through either winding. 
Reversal of a 3-phase motor is accomplished by inter-
changing any two of its connections to the line. 

Starting and reversing torque characteristics of poly-
phase motors are exceptionally good. This is due to the 
fact that the different windings are identical and, unlike 
the capacitor motor, the currents are balanced. They 
have an ideal phase relation which results in a true ro-
tating field over the full range of operation from locked 
rotor to full speed. Polyphase synchronous motors also 
have good reversing characteristics. 

(b) 
Compound Motor 
5-Wire Reversible 

C. 
Relation 

C. C. 

Rotietiee 

A-C or ins 
(c) 

Series Motor 
4-Wire Reversible 
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Full-Load Currents of Motors 
The following data are approximate full-load currents for motors of various types, frequencies, and speeds. They have been 

compiled from average values for representative motors of their respective classes. Variations of 10 per cent above or below the values 

given may be expected. 

Amoeres-Full-load Current 

Alternating-current Motors 

Hp. 

of 

Motor 

Direct-current 

Motors 

115-

volt 

230-

volt 

550-

volt 

34 4.5 2.3 

6.5 3.3 1.4 

1 8.4 4.2 

12.5 6.3 

2 16.1 8.3 

1.7 

2.6 
3.4 

3 23 12.3 

5 40 19.8 

2),§ 58 28.7 

5.0 

8.2 
12 

10 75 38 16 

15 112 56 23 
20 140 74 30 

Single-

phase 

Motors 

Squirrel-cage Induction Motors Slip-ring Induction Motors 

Two-phase Three-phase Two-phase Three-phase 

110-

volt 

4 8 
7 
4 

Il 

15.2 

20 

28 

46 

68 

220-

volt 

110-

volt 

220-

volt 

440-

volt 

550-

volt 

2200-

volt 

110-

volt 

220-

volt 
440-

volt 

550-

volt 

2200- 110-

volt volt 

220-

volt 

440-

volt 

550-

volt 

2200-

volt 

110-

volt 

4 
1 5 

47 
4.3 

4.7 

220-

volt 

440-

volt 

550-

volt 

... 
2.2 1 I 9 5.0 2.5 1.3 1.0   

2 4 1.2 1.0   5.4 2.8 1.4 1.1   6.2 3.1 1.6 1.3   7.2 3.6 1.8 1.5 

5.5 
7.6 

10 

5.7 

7.7 

10.4 

2.9 1.4 1 2   6.6 3.3 1.7 1.3   6.7 3.4 1.7 1.4   7.8 3.9 2.0 1.6 

4.0 2 1 6   9.4 4.7 2.4 2.0   11.7 5.9 3.0 2.3   

5 3 2.0   12.0 6 3.0 2.4   12.5 6.3 3.1 2.5   14.4 7.2 3.6 2.9 

14 

23 

34 

8 4 3.0   9 4.5 4.0   8.7 4.3 3.5   20.2 10 5.0 4 

13 7 6 15 7.5 6.0   13.0 6.5 5.2   15 7.5 6 

19 9 7 22 11 9.0   20.0 10.0 7.6   25 13 10 

86 43 24 12 10 27 14 II 24.3 12.1 10.0 28 14 11 
33 16 13 38 19 IS 39 19.5 15.6   45 23 18 

45 23 19 52 26 21 5.7 49 24.7 19.8   56 28 22 

25 185 92 38 
30 220 110 45 

40 294 146 61 

50 364 180 75 
60 436 215 90 

75 540 268 111 

100   357 146 

125   443 184 

150     220 

55 28 22 6 64 32 26 60 30.0 24.0 6.4 67 34 27 

67 34 27 7 77 39 31 8 72 36.0 28.8 7.8 82 41 33 

88 44 35 9 101 51 40 10 93 46.5 37.3 9.5 106 53 42 

108 54 43 11 125 63 50 13 113 57 45 12.1 128 64 51 

129 65 52 13 149 75 60 IS 135 68 54 14.0 150 75 60 
156 78 62 16 180 90 72 19 164 82 65 17.3 188 94 75 

2200-

volt 

7.3 

9 

11 

14 

16 

19 

212 106 85 22 246 123 98 25 214 108 87 21.7 246 123 99 

268 134 108 27 310 155 124 32 267 134 108 27 310 ISS 124 
311 155 124 31 360 180 144 36 315 158 127 32 364 182 145 

175 

200     295 

25 

31 

37 

415 208 166 43 480 240 195 49 430 216 173 44 490 245 196 52 

FAIRBANKS -MORSE ELECTRIC MACHINERY CATECHISM 

CENTIGRADE AND FAHRENHEIT 

TEMPERATURE SCALES 

Cen- Fah- Cen- Fah-
ti- ren- ti- ren-

grade heit grade heit 

Cen- Fah- Cen- Fah-
ti- ren- ti- ren-

grade heit grade heit 

-15 5 15 59 45 113 75 167 
-10 14 20 68 50 122 80 176 
- 5 23 25 77 55 131 85 185 
0 32 30 86 60 140 90 194 
5 41 35 95 65 149 95 203 
10 50 40 104 70 158 100 212 

INDUCTION MOTOR DATA 

Effects of Variation of Voltage or Frequency on 
Induction Motor Performance 

Condition 

High Volt. 

Low Volt. 

High Freq. 

Low Freq. 

Power 
Factor 

Decreased 

Increased 

Increased 

Decreased 

Torque Slip 

Increased 

Decreased 

Decreased 

Increased 

Decreased 

Increased 

Sanie 

Same 

Full Load 
Eff. 

Slightly Higher 

Slightly Lower 

Approx. same 

Approx. same 

Temp. F =9/5 (Temp.C) +32. 
Temp. C-5/9 (Temp.F -32.) 
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APPROXIMATE FULL-LOAD CURRENTS OF MOTORS 

The table below gives values that are approximate, and typical only of motors of usual speeds 
and frequencies. For low speed and special motors the full load currents are somewhat high-
er than shown here. For this reason, the values shown here are mainly used for estimating 
purposes and the selection of cable and should not be used in the selection of overload relays. 

FULL-LOAD CURRENT-AMPERES 

ALTERNATING-CURRENT INDUCTION MOTORS 
HP 
OF 

Direct-Current 
Motors Single-Phase 

THREE-PHASE (Full load currents for 2-phase motors are 0.87 times the 3-phase values) 
MOTOR 

Motors Squirrel-Cage Wound-Rotor 

115-VOLT 230-VOLT 110-VOLT 220-VOLT 220-VOLT 440-VOLT 550-VOLT 2200-VOLT 220-VOLT 440-VOLT 5.0-VOLT 2200-VOLT 

.041 
1.5 

g 
1 

1)4 
2 
3 

2.0 
2.6 
3.2 

4.6 
6.4 
8.2 

12.4 
16.2 
24 

1.0 
1.3 
1.6 

2.3 
3.2 
4.1 

6.2 
8.1 
12 

.... 

.... 

8.0 
10.6 
12.8 

17.6 
22 
31 

.... 

.... 

.... 

4.0 
5.3 
6.4 

8.8 
11 
15.5 

0.90 
1.16 
1.4 

1.9 
2.6 
3.4 

5.0 
6.2 
9.0 

0.45 
.58 
.70 

.95 
1.3 
1.7 

2.5 
3:1 
4.5 

0.36 
.48 
.56 

.76 
1.04 
1.36 

2.0 
2.5 
3.6 

.... 

.... 

.... 

5.4 

6.8 
8.0 
10.5 

2.7 

3.4 
4.0 
5.3 

2.2 

2.7 
3.2 
4.2 

S 
rh 

10 

15 
20 
25 

30 
40 
SO 

40 
60 
78 

114 
150 
186 

225 
295 
365 

20 
30 
39 

57 
75 
93 

112 
147 
182 

48 
68 
90 

.... 

.... 

.... 

.... 

.... 

24 
34 
43 

.... 

.... 

.... 

.... 

14.5 
21 
26 

40 
52 
65 

78 
102 
126 

7.2 
10.5 
13.5 

20 
26 
32 

39 
51 
63 

5.7 
7.3 

11 

16 
21 
26 

31 
41 
51 

.... 

.... 

.... 

.... 

"Ïe. 

8.1 
10.5 
12.5 

16 
23 
29 

42 
54 
68 

80 
104 
128 

8.0 
11.5 
14.5 

21 
27 
34 

40 
52 
64 

6.4 
9.2 
10.5 

17 
23 
27 

32 
42 
51 

.... 

7.7 

8.8 
11 
13.5 

60 
75 

100 

125 
150 

200 

218 
270 
355 

445 
530 

700 

.... 

.... 

.... 

.... 

.... 

.... 

.... 

.... 

152 
188 
250 

310 
370 

490 

76 
94 
125 

155 
185 

245 

60 
75 
100 

125 
145 

195 

15 
18.5 
24.5 

30 
36 

49 

154 
189 
250 

310 
370 

490 

77 
94 
125 

155 
185 

245 

62 
75 
100 

125 
145 

195 

15.5 
19 
25 

31 
37 

49 

Un ¿-phase, -wire motors, the current carried by the common conductor is 1.23 times the 3-phase value. 

NEMA STANDARD RESISTOR CLASSIFICATION 

The values given in this table are based on continued performance for one hour-also on the 
assumption that the steps of resistance will be cut out at equal intervals in the "time-on" period 
of the cycle specified, and that the average accelerating current will not exceed 125% full load. 

APPROX. PER 
CENT OF FULL-
LOAD CURRENT 
ON FIRST POINT 

25 
50 

70 
100 

150 
200 or over 

30 SECONDS ON 
OUT OF EACH 15 

MINUTES 

5 SECONDS ON 
OUT OF EACH 80 

SECONDS 

10 SECONDS ON 
OUT OF EACH 80 

SECONDS 

15 SECONDS ON 
OUT OF EACH 93 

SECONDS 

15 SECONDS ON 
OUT OF EACH 60 

SECONDS 

15 SECONDS ON 
OUT OF EACH 45 

SECONDS 

No. 161 
No. 162 

No. 163 
No. 164 

No. 165 
No. 166 

15 SECONDS ON 
OUT OF EACH 30 

SECONDS 

CONTINUOUS 

No. 101 
No. 102 

No. 103 
No. 104 

No. 105 
No 106 

No. Ill 
No. 112 

No. 113 
No. 114 

No. 115 
No. 116 

No. 131 
No. 132 

No. 133 
No. 134 

No. 135 
No. 136 

No. 141 No. 151 
No. 142 No. 152 

No. 143 No. 153 
No. 144 No. 154 

No. 145 . No. 155 
No. 146 No. 156 

No. 171 
No. 172 

No. 173 
No. 174 

No. 175 
No. 176 

No. 91 
No. 92 

No. 93 
No. 94 

No. 95 
No. 96 
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FULL-LOAD CURRENT* 
Direct-Current Motorst 

(Amperes at Full Load) 

HP 115V 230V 550V 

e 
1 

4.6 
6.6 
8.6 

2.3 
 3.3 

4.3 
1.4 
1.8 

134 
2 
3 

5 

12.6 
16.4 
24 

6.3 
8.2 

12. 

2.6 
3.4 
5.0 

4e 20 8.3 
734 58 29 12.0 

10 76 38 16.0 

15 112 56 23.0 
20 148 74 31. 
25 184 92 38. 

30 220 110 46 
40 292 146 61 
50 360 180 75 

60 430 215 90 
75 536 268 Ill 

100 355 148 

125 443 148 
150 534 220 
200 712 295 

• These values for full-load current are average for a I speeds. 
1947 N. E. Code. Table 21. 

Two-Phase A.C. Motors (4-wire) 

Induction Type 
Squirrel-Cage and Wound Rotor 

Amperes 

Synchronous Type 
Unity Power Factor 

Amperes 

HP 110V 220V 440V 550V 2300V 220V 440V 550V 2300V 

4 2 1 .8 
4.8 2.4 I.2 I.0 

1 6.4 3.2 1.6 1.3 

134 8.8 4.4 2.2 1.8 
2 11.2 5.6 2.8 2.2 
3 -- 8 4 3.2 

5 -- 13 
734 -- 19 

10 -- 24 

7 6 
9 

12 10 

15 - 34 17 14 
20 -- 45 23 18 
25 - 55 28 22 6 47 24 19 4.7 

30 
40 
50 

-- 67 
- 88 
- 108 

34 
44 
54 

27 
35 
43 

7.5 56 
9 75 

11 94 

29 
37 
47 

23 
31 
38 

5.7 
7 
9 

60 
75 

100 

- 129 65 
- 158 79 
- 212 106 

52 
63 
85 

13 
16 
21 

III 
140 
182 

56 
70 
93 

44 I 
57 13 
74 17 

125 -- 268 134 108 
150 - 311 155 124 
200 - 415 208 166 

26 228 114 93 22 
31 - 137 il0 26 
41 -- 182 145 35 

*These values of full-load current are for motors running at speeds 
usual for belted motors and motors with normal torque character-
istics. Motors built for especially low speeds or high torques may 
require more running current, in which case the nameplate current 
ratings should be used. Current in common conductor of 2-phase, 
3-wire system will be 1.11 times value given. 

For 90 and 80 rer cent P. F. the above figures should be multiplied 
by 1.1 and 1.25 respectively. 

(1947 N. E. Code, Table 23.) 

FULL-LOAD CURRENT* (Continued) 

Three-Phase A.C. Motors 

Induction Type Synchronous Type 
Squirrel-Cage and W'ound Roter f Unity Power Factor 

Amperes Amperes 

HP 110V 220V 440V 550V 2300V 220V 440V 550V 2300V 

3.4 4 2 1 .8 
% 5.6 2.8 1.4 1.1 
1 7 3.5 1.8 1.4 

134 10 
2 13 
3 

2.5 2.0 
6.5 3.3 2.6 
9 4.5 4 

- 15 
734 - 22 

10 -- 27 

7.5 6 
11 9 
14 II 

15 
20 
25 

--- 40 20 16 
- 52 26 21 

32 26 7 54 27 22 5.4 - 64 

.10 
40 
50 

-- 78 
-- 104 
-- 125 

39 31 
52 41 
63 50 

8.5 65 
10.5 86 
13 108 

33 
43 
54 

26 6.5 
35 8 
44 10 

60 - 150 75 
75 - 185 93 
100 - 246 123 

60 16 
74 19 
98 25 

128 64 
161 81 
211 106 

51 12 
65 15 
85 20 

125 - 310 155 124 
150 - 360 180 144 
200 - 480 240 192 

31 264 132 106 25 
37 - 158 127 30 
49 - 210 168 40 

For full-load currents of 208 and 200 volt motors, increase the cor-
responding 220-volt motor full-load current by 6 and 10 per cent. 
respectively. 

*These values of full-load current are for motors running at speeds 
usual for belted motors and motors with normal torque character-
istics. Motors built for especially low speeds or high torques may 
require more running current, in which case the nameplate current 
rating should be used. 

f For 90 and 80 per cent P. F. the above figures should be multiplied 
by 1.1 and 1.25 respectively. 

(1947 N. E. Code, Table 24.) 

Single-Phase A.C. Motorst 
(Amperes at Full Load )* 

HP 115V 

3.2 
4.6 
7.4 

10.2 
13. 

230V 

1.6 
2.3 
3.7 
5.1 
6.5 

9.2 
12. 
17. 

440V 

% 

i 
I 

134 
2 
3 

18.4 
24. 
34. 

5 56. 28. 
734 80. 40. 21. 

10 100. 50. 26. 

For full-load currents of 208 and 200-volt motors, increase cor-
responding 230-volt motor full-load current by 10 and 15 per cent-

.re ecste ivel'  , values of full-load current are for motors running at speeds 
usual for belted motors and motors with normal tor que character-
istics. Motors built for especially low speeds or high torques may 
require more running current. in which case the nameplate current 
rating should be used. 

(1 1047 N. E. Code. Table 22.) 

APPROX. AMPERES FOR INDUCTION MOTORS 

Hp. of 
Motor 

.5 
1.0 
2.0 
3.0 
5.0 
7.5 

10. 
15. 
20. 
25. 
30, 
40. 

220 Vours 

2-Ph. 3-Ph. 

1.7 
3.0 
5.5 
8.0 

13. 
19. 
24. 
35. 
45. 
56. 
66. 
87. 

2.0 
3.5 
6.4 
9.2 

IS. 
22. 
28. 
40, 
52. 
65. 
75. 

100. 

Hp. of 
Motor 

220 Vours 

2-Ph. 3-Ph. 

50. 
ao. 
75. 

100. 
125. 
150. 
175. 
200. 
225. 
250. 
275. 
300. 

108. 
130. 
160. 
215. 
260. 
320. 
360. 
415. 
460. 
520. 
570. 
620. 

125. 
150. 
185. 
250. 
300. 
370. 
420. 
480. 
530, 
600. 
660. 
720, 

For 110 volts, use 2; for 440. use 34; for 550, use 3t; for 1100. use 
; and for 2200. use 51 o of the above values. For single phase motors 

use twice the value ior two phase motors 



178 MOTORS - CURRENTS, WIRE SIZE, PROTECTION 

CONDUCTOR SIZES AND OVERCURRENT PROTECTION FOR MOTORS 
These values are in accordance with sections 4309, 4312, 4322, 4324, 4342, and 4349, except as follows: The current values 

in Column I are to be taken from Tables 21 to 24, including footnotes, but the values shown for running protection in Columns 5 and 
6 must be modified if nameplate full load current values are different, as provided in section 4309. Conductor sizes shown in Columns 
2 and 3 may be smaller for certain motors as provided in section 4312. The current values shown in Columns 5 and 6 must be reduced 
by 8 per cent for all motors other than open type motors marked to have a temperature rise not over 40 degrees C as required by section 
4322. For certain exceptions to the values in Columns 7,8,9, and 10, see sections 4342 and 4343 of 1947 N. E. Code. See section 4343 
of 1947 N. E. Code for values to be used for several motors on one branch circuit. 

M AXIMUM ALLOWABLE RATING OR SETTING or BRANCH 
CIRCUIT PROTECTWE DEVICES 

With Code With Code Letters With Code With Code 
Letters 

Single-phase 
and squirrel 
cage and syn- 

Single-phase and squirrel 
cage and synchronous. 
Full voltage, resistor or 
reactor startin>,, Code 

Letters 
Squirrel cage 
and synchro- 
nous Auto- 

Letters 
All motors. 
Code letter 

A. 
For chronous. Full letters B to E inc. transformer Without 

Running Protection voltage, resis- Auto-transformer start- starting, Code Code Letters 
of Motors ms tor and reactor ing. Code letters F to R letters B to E DC and 

Minimum size con- starting. Code inc. inc. wound-rotor 
ductor in raceways. letters F to R Without Code Without motors. 

Pull For conductors in air or inc. Letters Code Letters 
load ter other insulations Maximum Maximum Without Squirrel cage and syn. Squirrel cage 

current see tables I and 2 rating setting Code Letters chronous, auto-trans- and synchro-

rating AWG and MCM of non- of Same as above former starting. High nous, auto. 
of adjustable adjustable reactance squirrel transformer 

motor protective protective cage.*** starting. High 
amperes 

Type R 
Type T 

Tire 
devices devices Both not more than 

30 amperes 
reactance 
squirrel 
cage.*** 

Both more 
Amperes Amperes than 30 

amperes. 
Ccd. No. 1 2 3 5 6 7 8 N 10 

lee 14 14 2* 1.25* 15 15 IS IS 
2.04, 14 14 3* 2.50* 15 15 IS 15 
34.1 14 14 4* 3.75* 15 15 15 15 
4** 14 14 6* 5.0 * 15 15 IS 15 

sop 14 14 8* 6.25* 15 15 15 IS 
eite 14 14 8* 7.50* 20 15 IS 15 
7 14 14 10* 8.75* 25 20 IS IS 
$ 14 14 lo• 10.0 • 25 20 20 IS 

9 14 14 12* 11.25* 30 25 20 IS 
10 14 14 15* 12.50* 30 25 20 IS 

11 14 14 15* 13.75* 35 30 25 20 
12 14 14 15 15.00 40 30 25 20 

13 12 12 20 16.25 40 35 30 V) 
14 12 12 20 17.50 45 35 30 25 
IS 12 12 20 18.75 45 40 30 25 
16 12 12 20 20.00 50 40 35 25 

17 10 10 25 21.25 60 45 35 30 
18 10 10 25 22.50 60 45 40 30 
19 10 10 25 23.75 60 50 40 30 
20 10 10 25 25.0 60 50 40 30 

22 10 10 30 27.50 70 60 45 35 
24 10 10 30 30.00 80 60 50 40 

26 8 10 35 32.50 80 70 60 40 

28 8 lo 35 35.00 90 70 60 45 

30 8 s 40 37-50 90 70 60 45 
32 s s 40 40.00 100 80 70 SO 

34 6 8 45 42.50 110 90 70 60 

36 6 s 45 45.00 110 90 80 60 

38 6 6 50 47.50 125 100 80 60 

40 6 6 50 50.00 125 100 80 60 

42 6 6 50 52.50 125 110 90 70 

44 6 6 60 55.0 125 110 90 70 

46 4 6 60 57.50 150 125 100 70 

48 
so 

4 
4 

6 
6 

60 
60 

60.0 
62.50 

150 
150 

125 
125 

i 00 
too 

so 
so 

52 4 6 70 65.0 175 150 110 80 

54 4 4 70 67.50 175 150 110 90 

56 4 4 70 70.00 175 150 120 90 

58 3 4 70 72.50 175 150 120 90 

60 3 4 80 75.00 200 ISO 120 90 

62 3 4 80 77.50 200 175 125 100 

64 3 4 80 80.00 200 175 150 100 

66 2 4 80 82.50 200 175 IY0 100 

68 2 4 90 85.00 225 175 150 110 

70 2 3 90 87.50 225 175 150 110 

72 2 3 90 90.00 225 200 150 110 

74 2 3 90 92.50 225 200 150 125 

76 2 3 100 95.00 250 200 175 125 

78 I 3 100 97.50 250 200 175 125 

80 I 3 100 100.00 250 200 175 125 

82 I 2 110 102.50 250 225 175 125 

84 1 2 110 105.00 250 225 175 150 

86 1 2 110 107.50 300 225 175 150 
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CONDUCTOR SIZES AND OVERCURRENT PROTECTION FOR MOTORS 
These values are in accordance with sections 4309, 4312, 4322, 4324, 4342, and 4349, except as follows: The current values 

in Column 1 are to be taken from Tables 21 to 24, including footnotes, but the values shown for running protection in Columns S and 
6 must be modified if nameplate full load current values are different, as provided in section 4309. Conductor sizes shown in Columns 
2 and 3 may be smaller for certain motors as provided in section 4312. The current values shown in Columns 5 and 6 must be reduced 
by 8 per cent for all motors other than open type motors marked to have a temperature rise not over 40 degrees C as required by section 
4322. For certain exceptions to the values in Columns 7,8,9, and 10, see sections 4342 and 4343 of 1947 N. E. Code. See section 4343 
of 1947 N. E. Code for values to be used for several motors on one branch circuit. 

MAXIMUM ALLOWABLE RATING OR SETTING OF BRANCH 
CIRCUIT PROTECTIVE DEVICES 

Full 
load 

current 
rating 

of 
motor 
amperes 

Col. No. 1 

Minimum else con-
ductor in raceways. 

For conductors in air or 
ter other insulations 
see tables 1 and 2 
AWG and MCM 

Type R 
Type T 

For 
Running Protection 

of Motors**** 

Maximum 
rating 
of non-

adjustable 
protective 
devices 

Maximum 
setting 

of 
adjustable 
protective 
devices 

Amperes 

5 

Amperes 

6 

88 
90 
92 
94 

o 
o 
o 

2 
2 
2 
1 

96 
98 
100 
les 

o 
o 
o 
00 

100 
115 
120 
125 

oo 
00 
000 
000 

130 
135 
140 
145 
150 

000 
0000 
0000 
0000 
0000 

o 
o 
o 
00 

110 
110 
125 
125 

110.00 
112.50 
115.00 
117.50 

125 
125 
125 
150 

150 
150 
150 
175 

120.00 
122.50 
125.00 
131.5 

137.5 
144.0 
150.0 
156.5 

00 
00 
oo 

000 
000 

155 
160 
165 
170 

0000 
250 
250 
250 

175 
180 
185 
190 

195 
200 
210 
220 

300 
300 
300 
300 

000 
000 
0000 
0000 

0000 
0000 
0000 
250 

175 
175 
175 
200 
200 

200 
200 
225 
225 

162.5 
169.0 
175.0 
181.5 
187.5 

194.0 
200.0 
206. 
213. 

223 
225 
250 
250 

350 
350 
400 
400 

250 
250 
300 
300 

230 
240 
250 
260 

500 
SOO 
SOO 
600 

300 
350 
350 
400 

250 
250 
250 
300 

300 
300 
300 
350 

270 
280 
290 
300 
320 

600 
600 
700 
700 
750 

400 
500 
SOO 
SOO 
600 

350 
350 
350 
400 
400 

340 
360 
380 
400 

900 
1000 
1250 
1500 

600 
700 
750 
900 

420 
440 
460 
480 
500 

1750 
21100 

1000 
1250 
1250 
1500 
1500 

450 
450 
500 
500 

600 
600 
600 
600 
• • • 

219. 
225. 
231. 
238. 

244. 
250. 
263. 
275. 

288. 
300. 
313. 
325. 

338. 
350. 
363. 
375-
400. 

425. 
450. 
475-
500. 

525. 
550. 
575. 
600. 
625. 

With Code 
Letters 

ISingle-phase 
and squirrel 

cage and syn-
chronous. Full 
voltage, resis-
tor and reactor 
starting. Code 
letters F to R 

inc. 
Without 

Code Letters 
Same as above. 

With Code Letters 
Single-phase and squirrel 
cage and synchronous. 
Full voltage, resistor or 
reactor starting, Code 

letters B to E inc. 
Auto-transformer start-
ing, Code letters F to R 

inc. 
Without Code 

Letters 
Squirrel cage and syn-
chronous, auto-trans-
former starting. High 
reactance squirrel 

cage.*** 
Both not more than 

30 amperes 

8 

300 
300 
300 
300 

225 
225 
250 
250 

300 
300 
300 
350 

250 
250 
250 
300 

350 
350 
400 
400 

400 
450 
450 
450 
450 

300 
300 
300 
350 

350 
350 
350 
400 
400 

500 
500 
500 
500 

600 
600 
600 
600 

400 
400 
450 
450 

450 
450 
500 
500 

With Code 
Letters 

Squirrel cage 
and synchro-
nous Auto-
transformer 

starting, Code 
letters B to E 

inc. 
Without 

Code Letters 
Squirrel cage 
and synchro-
nous, auto. 
transformer 

starting, High 
reactance 
squirrel 
cage.*** 

Both more 
than 30 
amperes. 

9 

With Code 
Letters 

All motors. 
Code letter 

A. 
Without 

Code Letters 
DC and 

wound-rotor 
motors. 

10 

200 150 
200 150 
200 150 
200 150 

200 150 
200 150 
200 150 
225 175 

225 175 
250 175 
250 200 
250 200 

300 200 
300 225 
300 225 
300 225 
300 225 

350 250 
350 250 
350 250 
350 300 

350 300 
400 300 
400 300 
400 300 

600 
600 

500 
500 
600 
600 

400 300 
400 300 
450 350 
450 350 

600 
600 

500 350 
500 400 
500 400 
600 400 

600 450 
600 450 
600 450 
600 450 

500 

600 
600 
600 
600 

• For running protection of moto s of 1 horsepower or less, see section 4322. 
** For the grouping of small motors under the protection of a single set of fuses, see section 4343. 
***High-reactance squirrel-cage motors are those designed to limit the starting current by means of deep-slot secondaries or double 

wound secondaries and are gene ally started on full voltage. 
**** For running protection of motors see section 4322. (1947 N. B. Code, Table 20) 
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CONDUCTOR SIZES • BRANCH CIRCUIT BREAKER AND FUSE RATINGS 

FOR MOTOR APPLICATIONS 

Table for selecting switch, circuit breaker, wire and fuse sizes for motor branch circuits adapted 
from 1937 N. E. Code Chapter 9. Obtain proper terminal ampere rating of motor from table on 
page 1. All switches and circuit-breakers have lugs in accordance with 1937 Code Requirements. 

TO SELECT PROPER SIZE FUSE, SAFETY SWITCH OR CIRCUIT 
BREAKER FOR MOTOR CIRCUIT 

WIRE SIZE 
(From 1940 Code, Chapter 10) 

FULL Fusible Switch or ABI Breaker Size for Circuit Protection Columns 4, 6 and S. 
LOAD NON- Recommended Rating of Branch Circuit Breaker Amperes Based on 20 Seconds 

CURRENT FUSIBLE Accelerating Timet Minimum Size Conductor 

RATING SWITCH 
In Raceways 

OF SIZE 
MOTOR SINGLE PHASE, SQUIRREL-CAGE SQUIRREL-CAGE AND SYNCHRONOUS AWG AND MCM 

AND SYNCHRONOUS FULL-VOLTAGE, AUTO-TRANSFORMER STARTING. WOUND ROTOR 
REACTOR AND RESISTOR STARTING HIGH REACTANCE SQUIRREL-CAGE AC AND DC 

I 2 3 s 6 / I e 10 11 

Mu. Allowable Max. Allowable Max. Allowable 
Rating of Fusible Circuit Rating cl Fusible Circuit Rating el Fudble Circuit TYPE R TYPE RP TYPE RH 

Branch Circuit Switch Breaker Branch Circuit Switch Breaker Branch Circuit Switch Breaker 
Fuses Fuses Fuses 

AMP. AMP. AMP. AMP. AMP. AMP. AMP. AMP. AMP. AMP. AMP. 

1 

No
n-
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s 
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 b
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1
9
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 4
4
0
1
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o 
4
4
1
0
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o 
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r 
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15 30 15 15 30 15 15 30 15 14 14 14 

2 
3 

15 
15 

30 
30 

15 
15 

15 
15 

30 
30 

15 
15 

15 
15 

30 
30 

15 
15 

14 
14 

14 
14 

14 
14 

4 15 30 15 15 30 15 15 30 15 14 14 14 

5 15 30 15 15 30 15 15 30 15 14 14 14 

8 20 30 15 15 30 15 15 30 15 14 14 14 

7 25 30 15 20 30 15 15 30 15 14 14 14 

8 25 30 20 20 30 20 15 30 15 14 14 14 

9 30 30 20 25 30 20 15 30 15 14 14 14 

10 30 30 25 25 30 20 15 30 20 14 14 14 
22 35 60 25 30 30 25 20 30 20 14 14 14 

12 40 60 25 30 30 25 20 30 20 14 14 14 

13 40 60 35 35 60 35 20 30 25 12 14 14 

14 45 60 35 35 60 35 25 30 25 12 14 14 

15 45 60 35 40 60 35 25 30 25 12 12 14 

16 50 60 35 40 60 
 --  

35 25 30 25 12 12 14 

17 60 
— 

60 50 45 30 30 35 10 12 14 60 35 
18 60 60 50 45 60 35 30 30 35 10 12 12 

18 60 60 50 50 60 35 30 30 35 10 10 12 
20 60 60 50 50 60 

_ 
35 30 30 35 10 10 12 

22 70 100 50 60 60 50 35 60 35 8 10 10 

24 80 100 50 60 60 50 40 60 50 8 10 10 

26 80 100 50 70 100 50 40 60 50 a 8 10 

28 90 100 50 t 70 100 50 45 60 50 8 8 10 

30 90 100 50: 70 100 50 45 60 50 8 a a 
32 100 100 70 70 100 50 50 60 50 6 a 8 
34 110 200 70 70 100 70 60 60 70 6 e 8 

36 110 200 70 80 100 70 60 60 — 70 6 8 a 

33 125 200 70 80 100 70 60 60 70 5 6 8 

40 125 200 70 80 100 70 60 60 70 5 6 6 

42 125 200 70 90 100 70 70 100 70 5 6 6 

44 125 200 70 90 100 70 70 100 — 70 4 5 6 

46 150 200 70 100 100 70 70 100 70 4 5 8 

48 150 200 90 100 100 90 80 100 90 4 5 6 
50 150 200 90 100 100 90 80 100 90 3 5 6 

52 175 200 90 110 200 90 80 100 90 3 4 6 

54 175 200 90 110 200 90 __ 90 100 — 90 3 4 5 

56 175 200 90 120 200 90 90 100 90 2 4 5 

58 175 200 90 120 200 90 90 100 90 2 3 5 

60 200 200 90 120 200 90 90 100 90 2 3 5 

62 200 200 100 125 200 100 100 100 — 100 2 3 4 

64 200 200 100 150 200 100 100 100 100 2 3 4 

66 200 200 100 150 200 100 100 100 100 1 3 4 

68 
70 

225 
225 

400 
400 

125 
125 

150 
150 

200 
200 

125 
125 

110 
110 

200 
200 — 

125 
125 

1 
1 

2 
2 

4 
3 

72 
74 

225 
225 

400 
400 

125 
125 

150 
150 

200 
200 

125 
125 

110 
125 

200 
200 

125 
125 

1 
o 

2 
2 

3 
3 

76 250 400 125 175 200 125 125 200 125 0 2 3 

78 250 400 125 175 200 125 125 200 
— 

125 0 1 3 

--- — 
250 
250 
250 
300 

400 
400 
400 
400 

125 
125 
150 
150 

175 
175 
175 
175 

— 200 
200 
200 
200 

125 
125 
150 
150 

125 
125 
150 
150 

200 
200 
200 
200 

125 
125 
150 
150 

0 
o 
0 

00 

1 
1 
1 
1 

80 
82 
84 
86 

2 
2 
2 
2 

I. Applications having unusually long starting period or frequent starting refer to works for proper s se breaker. High ambiente affect rating of breakers 
(ambiente over 75°F. use a b eaker rated one % higher for each 5°F. Fo ambient» under 75°F. use a breaker rated one % lower for each 5° change. 

rule applies over a range of 40°F. either way.) Does not allow more than 8 seconds starting time. 
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CONDUCTOR SIZES • BRANCH CIRCUIT BREAKER AND FUSE RATINGS 

FOR MOTOR APPLICATIONS—(Cont'd) 

Table for selecting switch, circuit breaker, wire and fuse sizes for motor branch circuits adapted 
from 1937 N. E. Code Chapter 9. Obtain proper terminal ampere rating of motor from table on 
page 1. All switches and circuit-breakers have lugs in accordance with 1937 Code Requirements. 

TO SELECT PROPER SIZE FUSE, SAFETY SWITCH OR CIRCUIT 
BREAKER FOR MOTOR CIRCUIT 

WIRE SIZE 
(From 1940 Code, Chapter 10) 

FULL Fusible Switch or ABI Breaker Size for Circuit Protection Columns 4, 6 and 8 
LOAD NOW Recommended Rating of Branch Circuit Breaker Amperes Based on 20 Seconds 

CURRENT FUSIBLE Accelerating Timet Minimum Size Conductor 
RATING SWITCH In Raceways 

OF SIZE 
MOTOR SINGLE PHASE. SQUIRREL-CAGE SQUIRREL-CAGE AYO SYNCHRONOUS 

AND SYNCHRONOUS FULL-VOLTAGE, AUTO-TRANSFORMER STARTING. WOUND ROTOR AWG AND MCM 
REACTOR AND RESISTOR STARTING HIGH-REACTANCE SQUIRREL-CAGE AC AND DC 

i 2 3 4 5 6 7 8 I 11 II 

Max. Allowable Max. Allowable Max. Allowable 
Ratliff of Fudble Circuit Rating of Fusible Circuit Rating of Fusible Circuit TYPE R TYPE RP TYPE RH 

Branch Clicult Switch Maker Branch Circuit Switch Break« Branch Circuit Switch Eruket 
Funs Fuses Fuses 

AMP. AMP. AMP. AMP. AMP. AMP. AMP. AMP. AMP. AMP. AMP. 
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300 400 150 200 200 150 150 200 150 00 1 2 

90 300 400 150 200 200 150 150 200 150 00 0 2 
92 300 400 150 200 200 150 150 200 150 00 0 2 
94 300 400 150 200 200 150 150 200 150 00 0 1 

96 300 400 150 200 200 150 150 200 150 00 0 1 
99 300 400 150 200 200 150 150 200 150 000 0 1 

100 300 400 150 200 200 150 150 200 150 000 0 1 
105 350 400 175 225 400 175 175 200 175 000 00 1 

110 350 400 175 225 400 175 175 200 175 000 00 0 

115 350 400 175 250 400 175 175 200 173 0000 00 0 

120 400 400 200 250 400 200 200 200 200 0000 000 0 

125 400 400 200 250 400 200 200 200 200 0000 000 00 

130 400 400 200 300 400 200 200 200 200 250 000 00 

1.35 450 600 200 300 400 200 225 400 200 250 0000 00 

140 450 600 225 300 400 225 225 400 225 250 0000 000 

145 450 600 225 300 400 223 225 400 225 300 0000 000 
150 450 600 225 300 400 225 225 400 225 300 0000 000 

155 500 600 275 350 400 275 250 400 275 300 0000 000 

160 500 600 275 350 400 275 250 400 275 350 250 000 
165 500 600 275 350 400 275 250 400 275 350 250 0000 

170 500 600 275 350 400 275 300 400 275 350 250 0000 

175 600 600 275 350 400 275 300 400 275 400 300 0000 

180 600 600 275 400 400 275 300 400 275 400 300 0000 
185 600 600 300 400 400 300 300 400 300 400 300 0000 
190 600 600 300 400 400 300 300 400 300 500 300 250 

195 600 600 300 400 400 300 300 400 300 500 350 250 

200 600 600 300 400 400 300 300 400 300 500 350 250 
210 . ... 450 600 325 350 400 325 500 400 300 
220 450 600 325 350 400 325 600 400 300 

230 500 600 400 350 400 400 600 500 300 
240 .. 500 600 400 400 400 400 700 500 350 
250 500 600 400 400 400 400 700 500 350 

260 600 600 400 400 400 400 750 600 400 

270 600 600 450 450 600 450 800 600 400 
280 600 600 450 460 600 450 900 600 500 
290 600 600 450 450 600 450 900 700 500 
300 600 600 450 450 600 450 1000 700 500 
320 ... . . . . . . 500 600 500 1250 750 600 

340 600 600 525 1500 900 600 
360 600 600 550 1750 1000 700 

380 600 600 600 ... 1250 750 
400 600 600 600 ... 1500 900 

420 .  .. 1500 1000 
440 ... 1750 1250 
460 . 1250 
410 1500 
SOO 1500 

t Applications having unusually long starting period or frequent e arting refer to work» for proper size breaker. High ambiants affect rating of breakers 
(ambient» over 75°F. use a breaker rated one % higher for each 5°F. For ambient,' under 75°F. use a breaker rated one % lower for each 5° change. 
This rule applies over a range of 40°F. either way.) 
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What Is a Split-phase Motor? 

A SPLIT-PHASE motor is a single-phase 
motor that obtains its starting torque 

from two stator windings of different imped-
ance values which in effect convert the single-
phase current to an equivalent two-phase 
current. The few and simple parts of this 
motor are shown schematically at the 
right. 

The arrangement and operation of these 
parts are shown below. The windings are 
located in different sectors around the stator, 
and the starting winding is in series with the 
starting switch. A switch-actuating mecha-
nism is mounted on the rotor and is set to open 
the switch and open-circuit the starting 
winding when the motor reaches a predeter-
mined speed. 

The phase displacement of the cunents in the starting and 
running windings, together with their physical displacement 
on the stator, produces a rotating magnetic Reid that starts 
the rotor revolving 

1. Rotor 

2. Running winding 3. Starting Winding 

4. Centrifugal switch 

When the rotor reaches • predetermined speed, the centrif-
ugal switch opens the starting winding. Current Rows only in 
the running winding, and the motor operates the same as an 
ordinary induction motor. 

Why Split-phase Motors Are Used 
Split-phase motors are admirably suited to appli-
cations that require an inexpensive, reliable motor 
with moderate torque. Inherently simple in con-
struction and operation, the split-phase motor will 
give many years of satisfactory operation without 
attention except occasional oiling. Split-phase 

motors do not interfere with radio reception — 
they have no brushes or commutators. Split-phase 
motors have become the accepted drive for domestic 
washing machines, ironers, fans, and similar de-
vices where long periods of operation without 
attention are so desirable. 
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SINGLE-PHASE SPLIT- PHASE INDUCTION MOTOR 

LINE 

SQUIRREL CAGE ROTOR 

RuNNING WINDING 

—STARTING WINDING 

OPERATION  
To be self-starting, the stator winding of a squirrel-cage induction motor must be 
capable of setting up a rotating magnetic field. Since such a field cannot be pro-
duced by a single winding energized by a single-phase current, some method of 
splitting this current into two currents approximately 90 degrees out of phase with 
with other must be provided. This is accomplished by having the single-phase cur-
rent flow through two parallel paths having different electrical characteristics. 
One path, being highly inductive, causes the current flowing through it to lag 
almost 90 degrees behind the current through the other path. By this method, a 
revolving magnetic field is produced with single-phase current. Starting as a two-
phase machine, this motor accelerates to about 75% of normal full load speed when a 
centrifugally-operated switch disconnects the starting winding and converts the 
unit to a straight single-phase type. 

CHARACTERISTICS  
This motor will develop from 1 to 1.5 times normal full load torque, and will draw 
as high as 9 times normal full load current when full line voltage is applied at 
starting. The speed variation from no load to full load will not exceed 5% of the 
normal full load speed. For complete data on current, torque, etc., see curves 
given below. 

APPLICATION  
Washing machines, ventilating fans, sign 
flashers, bottling machinery, oil burners, 
dairy machinery, garage equipment, stokers, 
coffee mills, shoe machinery, exercisers, 
dish washers, oil pumps, etc. In general, 
this motor - which is usually built in 
fraction h.p. sizes only - may be used 
for any small load that does not require a 
high starting torque and can be operated 
at constant speed. 

TROUBLES  
Centrifugal switch, starting winding, bear-
ings, loose connections, oil-soaked insula-
tion, opens, shorts and grounds, improper 
connections. 
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Split Pita.le MOTORS 
for Alternating Current 

APPLICATION AND PERFORMANCE DATA 

Application —The split-phase motor is perhaps the 
most widely used constant speed motor of appre-
ciable power, employed for driving domestic appli-

ances. It is also used on many different types of 
industrial equipment. The Bodine split-phase motor 
has been especially designed for those applications 
where continuous service may be required. 

Bodine split-phase alternating current motors are 
regularly manufactured with ratings from 1/70 to 
1/6 hp at 1725 rpm. Other ratings at standard 60 
cycle speeds of 1125, and 3450 rpm are also avail-
able. Split-phase motors can also be furnished for 
odd frequency operation, the usual speed for 25 and 
50 cycles being 1425 rpm. 

Characteristics — The following features are char-
acteristb. of split-phase motors: 

Fig. 1—The Type NSI-54 split phase motor. One of the larger 
Bodine motors of this type. 

1. Practically constant speed. 
The speed varies from about 1780 rpm at 
no load to 1725 rpm at full load for 4 pole, 
60 cycle, motors. 

2. Reliable performance with little 
maintenance. 
No brushes to replace. After the motor at-
tains normal speed, the only physical con-
nection between stator and rotor is at the 
hearings. 

3. Reversible at standstill. 
The motor connections may be interchanged 
at standstill for reverse rotation, but the 
motor cannot be reversed while rotating. 

4. Definitely fixed speeds. 
The speeds of split-phase motors depend 

upon the frequency and the number of poles, 
and are therefore limited in number for any 

one frequency. Usual 60 cycle speeds are 
1125, 1725, and 3450 rpm. Rheostat control 
is not practical, so effective speed variations 
cannot be secured. 

Motors of this type are relatively simple in construc-
tion with no brushes or slip rings. Their first cost 
is therefore lower than that of many other types. They 
have good efficiency, a rather good output for a given 
frame size, and good starting torque. For these reasons, 
the split-phase motor has become today's general pur-
pose motor. 

The characteristic curves at the bottom of the page 
show the speed, current, and horsepower values 
of an average fractional horsepower split-phase motor 
for various torque loads. The speed is fairly constant 

over the entire range from no load to stalling point, 
dropping off as the load increases. The efficiency is 
approximately at its peak at full load, falling at 
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overloads. The starting torque varies with the motor 
temperature, being greatest at lowest temperature. 
Rapidly repeated motor starting heats the windings 
and results in a loss of torque. In general, the split-
phase motor should be used only where the torque 
required for starting does not exceed about 150% 
of full load torque. 

Split-phase motors have a rather high starting cur-
rent which ranges from 5 to 10 times the current 
drawn while running. On lighting circuits this high 
current at the instant of starting causes a voltage drop 
which may produce dimming of lights on the same 
circuit. For this reason some power companies have 
limited the starting current of motors on lighting 
circuits to 20 amperes. Split-phase motors are only 
furnished in sizes of 1/6 hp and less. If the starting 
load is heavy, the wiring between motor and outlet 
should be of adequate size to prevent excessive volt-
age drop. The low voltage conditions resulting from 
inadequate wiring will also decrease the motor start-
ing torque. 

Many applications require a fixed speed motor or 
one which changes speed but little with changes in 
load. A split-phase winding is admirably suited for 
such drives provided that the accuracy of a syn-
chronous motor is not required. Where wide speed 
variation is needed, some other type of motor must 
be considered. 

The rate at which a motor can be accelerated is 
often of importance to the designer. Split-phase motors 
pick up speed quite rapidly, reaching their full run-
ning speed in a very few seconds. The acceleration 
may be somewhat retarded through the use of reactors, 
or of special rotors, but the split-phase motor does 
not lend itself well to those applications where a very 
gradual increase in speed is desired. Such applica-
tions are rather limited in number, however. 

Construction —By definition, a split-phase motor 
is a simple, single-phase induction motor equipped 
with an auxiliary winding displaced in magnetic posi-
tion from, and connected in parallel with the main 
winding. The single-phase motor without this auxil-
iary starting winding has no starting torque, but once 
it has been brought to a speed approaching its syn-
chronous speed, will develop a good running torque. 
The purpose of the auxiliary or split-phase winding. 
therefore, is to start the motor. Once this has been 
done, it has served its purpose and can be disconnected 
from the circuit. 

The auxiliary winding is wound in the same slots 
as the main winding but is displaced in space from 
the main winding. Generally, the auxiliary winding 
is made of a finer wire that has a high resistance, 
so that current flowing through it is substantially in 
phase with the line voltage. The current in the main 
winding, because of the lower resistance and greater 
reactance, lags behind the voltage by a greater angle. 
This magnetic displacement sets up a revolving field 
in the stator, similar to that encountered in a poly-
phase induction motor, which starts the motor. Once 
the motor has been brought up to speed, it will de-
velop a running torque, and the auxiliary winding is 
disconnected by means of a centrifugal cutout switch. 

Modern cutouts are practically trouble free and will 
give satisfactory service for hundreds of thousands of 
starts and stops. Some few applications require ex-
ceptionally rapid starting, and for these, other types 
of motors should be considered. 

Because the starting winding must be of rather fine 
wire, to secure the desired starting torque, it can only 
be momentarily left on the line. The centrifugal 
switch disconnects the winding normally, but care 
should be taken to avoid having the motor stalled 
with the current on. 

There are many important details of construction 
which are described at length, and fully illustrated 
in Bulletins which explain just how each frame type 
is built. The machine designer will find these Bulle-
tins of considerable assistance in selecting his motor. 

Bodine split-phase motors are regularly built in a 
number of different frame sizes, to meet almost any 
application. All are long annual service motors, de-
signed to give years of service. 

Constant speed motors may also be provided with 
integral worm gear speed reducers to simplify drive 
problems. 

Fig. 3—Diagram of connections for a split phase four lead re-
versible motor. Note cutout switch. 

214— 
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ENGINEERING INFORMATION 

SPLIT PHASE INDUCTION MOTORS 

TYPE SP; 110 OR 220 VOLTS; REVERSIBLE 
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AMERICAN STANDARD 

3.5 SINGLE-PHASE MOTORS 

3.505 Connections and Terminal Markings—Single-Phase Motors 

Ts 

I L. 

One direction rotation 
Start 
Run 
Start 
Run 

T. 
T .T, 
T. Other direction rotation 

— 17r1 

FIG. I Split-Phase with Automatic Cutout Reversible Fe. 2. Split•Plsase with Automatic Cutout Non-
:slow, 

T, 

nUNN MG T2 

La 

T3 

Fm. I. Induction Motor with Starting Box Non-
Reversible 

COMPENSOPI 
WINDING 

SERIES WINDING 

Do. 7 Series NIntor Conductively Compensated Sep-
arate Stator Windings* 

14 

cl 
Fm. 10. I. Repulsion Motor Single Voltage not Com-

pensaredt 
2. Ri.iiiilaion-Start loiluttion-Run Meant' 

Single \'oltage not Compensated1 

L, 

Reversible Motor 

SERIES FIELD 

TiLAMAM 

To  

I 0 

One direction rotation 
Stan 
Run 

Other direction rotation 

L. 
T.1. 
77— 

Open 

Run T. T. 

Fm. 3. Solit•Pliase Manual Cinnut Re, ersible Motor 

L, t. Fir Tourther 
One direction rotation 
Other direction rotation 

A. 
A, 

s, 
S, AS 

Flo. 5. Series Universal Non-Reversing Motor not Fm. 6. Series Universal Reverting Motor not Com-
pensated Compensated 

At 

SERIES WINDING 

Fm. I. Series Motor Conductively Compensated Fm. 9. Series Motor Inductively Compensated Sept. 
Common Stator Windings, 

13 

Ta 

T4 

Low Voltage 
High Voltage 

Tie Together 

Fe. II. I. Repulsion blotor Double Voltage not 
Compensatedt 

2. Repulsi.m•Start Induction-Ran Motor 
Voltage not Compensatedt 

T. 

rate Stator %Vindings• 

Tio 

Ts 

TO 

L, 
T. 
Ts 

One direction rotation 
her direction rotation T, 

Tic Together 

f.T. 

Fe. 12. I. Repulsion Motor Single V Mae Revers. 
bk 

2. Repulsion-Scan Induction-Run Motor 
Single Voltage Reversible 

• Motor may be reversed by reversing the series field only. 

f Motor may be reversed by shifting brushes as per manufacturer's instructions. 
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AMERICAN STANDARD 

14 

FIG. IS. Repulsion \login Single Voltage Inductively 
Compensate& 

Ta 

If.ge  
High Voltage t Ti 

TT, 
T. 

Tie Together 

Fut. 14. Repulsion Motor Double Voltage Ind.--
tot-it Compensated. 

, Tie Together 
Otte direction rotation A. S. S. to T. &,—A-771.-s:  
tilion mien'', s, c, to-1784A, to T, 

Fal. 15 Series \Imo,. Conductively Compensated 
Retersililt . separate Staiin Wolihne. 

1 Motor may be reversed by shifting brushes. as per manufacturer's instructions. 

NOTE I--See 1.510 for terminal letters assigned to different types of winding., and 1.130 for significance of the subscript numerals. 

NOTE 11—The marking. for single-phase motors are based on the following principles: 

let Principle 

Designate the running winding of • single voltage single-phase motor by TIT4 and the starting winding by TsTs. Thi, distinguishes 
it from a quarteephase motor which use• odd subscript numbers in one phase and even subscript number, in the other phase. 

2nd Principle 

The first principle permits • dual voltage motor to hare marking» whit b fallow the general practice now used of connecting odd to odd 
and even to even lar parallel (lose voltage) connection and connecting i.dl to even for series (high voltage) connection. 

3rd Principle 
Always represent the rotor by • circle on schematic diagrams of •ingle•pliaye motors, even though it has no external connections. Thin 

indicates definitely whether it has any connections (short circuits or external I and further distinguishes the diagram and markings from a 
guarter•phtuse schematic which never shown the rotor as a circle. (See rules under Section 3.7.) 

3.510 Connections and Terminal Markings—Single-Phase, Dual-Voltage Motors 

Regardless of the type of single-phase motor, 
when a series or parallel connection of any wind-
ing is necessary, proceed as follows: 

Divide single winding into two halves and as-
sign TiT2 to one half and T3T4 to other half 
of running winding. Assign T5T6 to one half 
and T7T,, to other half of starting or reversing 
winding. This is shown diagrammatically in the 
opposite column. 

T4 

T2 

T3 

Ti 
o 

TiT 
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What Is a Capacitor-motor? 

ACAPACITOR-MOTOR is a single-phase 
motor that has a capacitor (condenser) 

connected in one of its windings. The few 
and simple parts of this motor are shown 

schematically at the right. 

The arrangement of these parts is shown 
below. The two windings are in different 

sectors around the stator. The starting 
winding, the capacitor, and the centrifugal 
switch are connected in series. The centrifugal 
switch is mounted on the rotor and is set to 
open at a predetermined speed. 

When power is applied, current flows in the 
direction shown by the red lines and arrows. 

The phase displacement, set up by the capacitor, of the 
currents in the starting and running windings, together with 
their physical displacement on the stator, produces a rotating 
magnetic field that starts the rotor revolving 

I. Rotor 

2. Running winding 3.5tarting winding 

When the rotor reaches e predetermined speed, the centrif-
ugal switch opens the starting-winding circuit. Current flows 
only in the running winding, and the motor operates the 
same as an ordinary induction motor 

Why Capacitor-motors 
Some machines require more torque (effort) to 
start them than the resistance split-phase motor 

can provide. The capacitor-motor is designed for 
these applications and differs from the re-
sistance split-phase motor chiefly in that it has 
a capacitor connected in series with the starting 
winding. 
The use of the capacitor gives the motor a high 
starting torque with low starting current without 

4. Capacitor 

5. Centrifugal switch 

Are Used 
sacrifice of the advantages of the resistance split-
phase motor. Occasional oiling depending upon 
conditions of motor service, is the only attention 
required. Motor operation does not interfere with 
radio reception. Capacitor-motors have become the 
accepted drive for domestic refrigerators, and for 
stokers and similar devices in which long life, 
minimum servicing, and quiet operation are of 
paramount importance. 
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CAPACITOR 
MOTOR 

The above motor is a split-phase type, the phase-splitting action being obtained by 
the insertion of a condenser in series with the starting winding. This motor starts 
and runs as a two-phase motor. The auto transfcrmer connected across the condenser 
applies a comparatively high voltage to the condenser, thereby giving a higher ca-
pacity effect, and making possible the use of a smaller condenser than would other-
wise be necessary. 

During starting the centrifugally-operated switch is in the "start" position. This 
applies about 500 volts to the condenser, giving a high capacity effect and produc-
cing a comparatively high starting torque. When the motor has reached about 75% of 
normal full speed, the switch is thrown over to the "run" position, applying about 
350 volts to the condenser, thereby reducing its capacity effect to a value which 
will maintain a high power factor during operation. 

This motor will develop approximately 4 times normal full load torque with 7 times 
normal full load current. Compared with the repulsion-start-induction motor, the 
capacitor motor has a lower starting torque and a much higher starting current, about 
the same full load efficiency and a higher full load power factor. For equal rating, 
capacitor motors cannot stand as long a starting period.as the repulsion type. Ca-
pacitor motors are widely used in household refrigeration and may be used where re-
pulsion-start-induction motors are applicable, except where very high starting torque 
and long starting periods are involved in which case the repulsion-start-induction 
motor is used. 

The small diagrams, A, B and C, on the right are schematic diagrams of capacitor 
motors. "A" is the circuit for the large diagram, (capacitor start, capacitor run 
motor) while "B" and "C" represent two other types which do not use an auto trans-
former. "B" uses a condenser on starting only, while "C" uses two condensers on 
starting, while only one remains in the circuiz when running. 

The electrolytic type of condenser is used on zondenser-start motors only. This type 
of condenser must not be left in the circuit for more than 3 or 4 seconds, if con-
denser breakdown is to be avoided. Condensers marked "X" may be electrolytic, but 
the others shown must be the metal foil and paper type. 
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MOTORS 
for Alternating Current Only 

APPLICATION AND PERFORMANCE DATA 

Application—Although it has not yet challenged the 
supremacy of the split-phase motor, the capacitor 
motor is rapidly gaining in popularity as a general 
purpose single-phase fractional horsepower motor. It 
is used for applications similar to those in which split. 
phase motors are used and because of several im-
portant advantages is often preferred despite its small 

additional cost. 

Fig. I—The Type NCI-34 Capacitor motor, one of a number of 
different sizes, built by Bodine. Capacitor unit mounted on top 

of motor. 

Capacitor motors are particularly well adapted to 
household appliances where public utilities limitations 
covering low starting current and freedom from radio 
interference must be met. They are especially desirable 
where low noise level is required and are finding in-
creased use wherever a general purpose motor, capable 
of smooth quiet operation, good efficiency, and low 
starting current, is required. 

There are several types of capacitor motors, each 
having characteristics which make it particularly favor-
able for a given type of application. Capacitor motors 
are frequently used where absolute reliability is re-
quired, as for example on control apparatus and air-
ways beacons. Another type, the capacitor start motor, 
is particularly advantageous where high starting 
torques must be obtained, yet where the starting cur-
rent must be kept quite low. 

Characteristics—The principal characteristics of 
these two types of motors are tabulated below: 

CAPACITOR MOTOR 

1. Extreme reliability. 
No brushes or starting switches to give 
trouble under adverse service conditions. 

2. Quiet operation. 
Favorable magnetic distribution minimizes 
vibrations of electrical origin. 

3. High power factor. 
The power factor of capacitor motors, even 
at very light loads, is exceptionally good. 

4. Low starting torque. 
Starting torque is generally somewhat less 
than 1007( of full load torque. 

80 83 

60 60 

40 40 

20 X) 

00 0 
TORQUE INCH 01 

Fig. 2—Curves showing the performance of the Type NCI-34 
Capacitor motor. 

CAPACITOR START MOTOR 

1. High starting torque. 
An internal switch is used permitting the em-
ployment of a large capacitor of the elec-
trolytic type during the starting period. 
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CAPACITOR MOTORS — Continued 

2. Low starting current. 
These motors are always preferable to split. 

phase motors where starting current limita-
tions are made. 

The capacitor motor, the first listed above, is some-
times known as a capacitor start and run motor, and 
has a capacitor permanently connected in series with 

one of the two windings. This acts to displace the cur-
rent in one winding producing a revolving field which 

provides the motor with an initial starting torque and 
drives the unit much like a two-phase motor. 

Since the capacitor motor has no centrifugal cutout 
switch it is preferred for installations where frequent 
starting is necessary. While cutout switches have been 
made as nearly trouble free as is mechanically pos-

sible, they still represent a potential source of trouble. 
By eliminating them, as in the capacitor motor, this 
source of trouble is removed. 

Capacitor motors with capacitors in the circuit dur-
ing the running period operate very quietly and 
without vibration. The pulsations which occur in a 

single-phase motor are eliminated 1?y the smoother two-
phase operation. Capacitor motors have a high power 

factor, especially at light loads, as compared with split. 
phase motors, and their efficiency is usually equally 
good. 

Unfortunately, although these motors draw a small 
starting current they also have a low starting torque, 

generally no more than 75% of their full load torque. 
It is sometimes possible to modify the rotor construc-
tion in order to increase this starting torque, but in 

no case can it be made to equal that of the split-phase 
motor. 

The starting torque can also be increased without 
an appreciable rise in the starting current by increas-

ing the capacitance in the circuit, but this also results 

in a higher temperature rise which may not be per-
missible. 

Where high starting torque is required, the capacitor 
start motor is frequently used. It has an internal start-

ing switch to disconnect the capacitor from the circuit 
as normal running speed is approached. Since the 
capacitor is in the circuit only momentarily, high 

capacity electrolytic type condensers which are com-
pact and inexpensive may be used. These cannot, how-
ever, be operated continuously as can the oil-filled 
type, and consequently are applicable only to motors 

with the internal starting switch. 

Construction—Capacitor motors have frames and 

internal construction quite similar to that of all alter-
nating current induction motors. Where electrolytic 

capacitors are employed, an internal cutout switch is 
utilized. 

The rotor is of the usual squirrel cage type, except 
for capacitor synchronous motors which run at syn-

chronous speeds. Information concerning motors of 
this type is given in another Bulletin. 

The capacitor may be mounted directly on the motor 

as in the illustration, or at some distance from the 
motor. This latter arrangement is particularly desirable 
where space is limited, or where the capacitor does not 
require the use of a heavy metal protecting case. 

Complete details on the internal construction of 

capacitor motors will be found in Bulletins describing 
the several motor frame types. 

C.ROT. 

(a) 4 LEAD REVERSIBLE CAPACITOR (b) 4 LEAD REVERSIBLE CAPACITOR START (c) 3 LEAD REVERSIBLE CAPACITOR 

Fig. 3—Three frequently used arrangements for the internal connection of Capacitor motors. A number of others, for use on special 
applications may be provided. 
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ENGINEERING INFORMATION 

CAPACITOR START INDUCTION MOTORS 

TYPES CSH & CSX; * 110 VOLTS; REVERSIBLE 

Location of 
Terminals 

* Frames Internal Connection Diagrams 
(Counter Clockwise Rotation) 

Label (Attached To 
Cover Over Terminals) 

WITHOUT OVERLOAD PROTECTION 

In Front 
Bracket 

In Frame 

63G, 65G, 

67G, 65L 
67L 

71, 73, 
81, 83, 
91, 93 

C -12163 -A --4 

p4 4 
—I LI 

I —3 L2 L2 

le 

i 
r 

3 

C 13613 

COUNTER-CLOCKWISE CLOCKWISE 

CENTURY ELECTRIC co. H20 
T. LOUIS, A10. 

0 

Standard Construction 
is Dual Voltage 

(See Page 7) 

WITH OVERLOAD PROTECTION 

In Front 
Bracket 

In Frame 

63G, 65G, 

67G, 65L, 
67L 

71, 73, 
81, 83, 
91, 93 

C -1211 5 - C 

PH. 

1 4 

-- --

- o 

— 

0 

0 —... 

0L2 

0 

0 

0 

—_ — 
_ 

RLOAD 
VIC 

, ', OVERLOAD  34 
V 

COUNTER-CLOCKWISE CLOCKWISE 
WREN MOTOR 43 USED ON CROLaNDEO CIRCUIT, 

l 2 MUST RE CONNECTED TO THE LIVE SIDE. 

CENTURY ELECTRIC CO. 1122 
31. LOUIS, MO. 

3 

OVEILLONO 
DIV« 

Standard Construction 
is Dual Voltage 

(See Page 7) 
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-eet é 
ENGINEERING INFORMATION 
CAPACITOR START INDUCTION MOTORS 

TYPES CSH CSX; II0/220 VOLTS; REVERSIBLE 

Location of 

Terminals 

In Front 

Bracket 

In Frame 

* Frame Internal Connection Diazrams 

(Counter Clockwise Potation) 

Label (Attached To 

Cover Over Terminals) 

WITHOUT OVERLOAD PROTECTION 

C18114 - C 

LOW 
VOLTAGE 

C I 8376-A 

LOW 
VOLTAGE 

,011/ 0111•JC• 
VOLT••• VO•LT -G• 

CONMICT1001••••01,••• AI« 1/001C L 1•010,109•1 

ealle C 1/ ROY/0,0« 10/11/1•C//•••GIR LLAC.• 

CE! E.L.ECTRIC Ca 133 

- E-7.-D---.' 4 --e----
3 

2D  
) 

2 

LOW (BAJO)_ "  .. _ HIGH (ALTO) 
G c 1° VOLTA C.€ 2  VOLTAGE 

•EYEIES( PICITATbON IN roONT ENO BRACKET; 

CAPACITOR TyPE INTEIPLNIANGE LENDS 7 ANO té. 
REPULSION TYPE SNIET !PIUS. HOLDER. 

CENTURY ELECTRIC CO 
ST LOUIS. ke0 1135 

WITH OVERLOAD PROTECTION 

In Front 

Bracket 

In Frame 

63G, 65G, 

67G, 65L 

67L 

71, 73, 

81, 83, 

91, 93 

ti 
C18114-A 

*., 

-,... 
U U 

_-. 

--- 01 ce__L 
i 

_ j_ 

l 

• Lz. , 

_ • 
vOL TAO« VOL VAG& 

L.•//11PC1,01.• •••0•1•1 Mt( POI. C C /V .01,1, 00« 

/O. C V/ 1,01,1,0•• IN/21QC wwwww ll_ILOut 2 a 61. 

1•Ne•• .01'On 'It 1./SŒO ON OPRO////0(0 Cll./GLUT 

L / MUST mg ,0.1•ECTCO 4,/ •rolf LIVE •Io« 

 LCENTURY ELECTRIC CO. H34 

o 

Z 

g ' : 

CNE OA O .. LOW  
/ VOLTAGE 

• PH 

C18376-C 

UNE 

• L_I_____.____ 

3 
- : '---2-1 
5 

J4J 
-3.-6 

r5, i- 
LOW (BAJO) ' 

VOLTAGE C I e 383 
REVERSE  POTATON IN FRONT 

CAPACITOR TYPE INTENCNANCL 
REPULS,ON TYPE smir T BRUSH 

ye, EN uorce is us«) ON GROUNOED 

LEAD I MUST OE CONNECTED 

CENTURY ELECTRIC 
2Z.0 St LOULS,P110. 

r--4 —•-m,,ir 
5--operwat 

HIGH (ALTO) 

VOLTAGE 

END ORACKETI 
LIEADS 7 AND II. 

.01_1:4 0, 
CIRCUIT. 

TO ri4( LIVE sloc. 

CO. 1 136 

'a 1 
2 

<E7  

E i. 

OVE OAD 

OCV — --.. 

LOW VOLTAGE 
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-80 6 
ENGINEERING INFORMATION 

SPLIT PHASE AND CAPACITOR START INDUCTION MOTORS 

"3 LEAD" TMO SPEED - REVERSIBLE - TWO WINDING 

CONSTANT OR VARIABLE TORQUE 

TYPES CSXM - 110 V; SPM 4 I 10 OR 220 V* 
LOCATION 

OF 
TERMINALS 

FRAME 
INTERNAL CONNECTION DIAGAMS 

COUNTER CLOCKWISE ROTATION CLOCKWI SE ROTATION 

WI THOUT OVERLOAD PROTECTION 

)racket 

'rdMe 

63G 
65G 
67G 
65L 
67L 

71 
73 
81 
88 
91 
93 
204 

Ts 1.. 
v o 
Q.)-.-' 

Ca, r-1 

o o 
o 

' 4e7 1- e o 
0.) 4-, 

0.1-1 
o o 

os 

C16605 

Line 

-A 
Line 

1 

14 4 x 
o e 

C...) 4 • r-, o 

x 2 
3 . 

o 
à 

Ph.L.S 
r - 
i 
- - 1— 

2 
"1 

a. I 
r 

1 I 

Low i 12 Low 
1 -- 

14 
13 

J 

/ 

High 

V; I 
Ph.H.S. 

o AAA« 

4_ 
?• 

___J 

..4 
o 11% 12 High 

mi 
11 o 
P. 1-' 
C/7 • r-1 

0 

.. «, 1:n cp 

1 

14 

„..Low Speed C16605 -C 
n Capacitor 

Line 

1 

Line 

2 2 

3 --i 

4-14 Low 

.2 
_ Ph.L.S. 

9 
4-14 Low 

o o 

11 e. Ph.H.S. 11 
o 
o 12 / 

13 High 13 À% 
viir,,gh 

• - SPM do not have Capacitor; otherwise same diagram applies 

- See price sheets for standard voltage and horsepower fur individual frames. 
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ENGINEERING I NFORMAT ION 
CONNECTION PLATES FOR MULTI—SPEED MOTORS 

2 SPEED 2 WINDING 

CONSTANT OR VARIABLE TORQUE 

TYPES CPXM - CPHM 1 PHASE 

Capacitor unit mounted 
on motor. 

Motor with separate 
Capacitor unit and relay. 

Lin-! To reverse rotation 
interchange motor 
Leads Ti and T3 and Til and T13 

T2 

LOW Speed T3 

Hie Speed î 

'r. 

T4-14 

T11 

T12 

dMer 

Similar to C14467 

CAPACITOR MOTOR CONTROL UNIT 

Motor Model 
For use with motor Serial No. 

Line 

ri 
To reverse rotation 
interchange motor 
Leads T1 and T3 and Til and 113 

Log 

Ta 

Speed T3 

High 

12 

T14 

Til 

Speed T13 

X1 X2 

Ti? 

2-12 

o 
E 

CAPACITOR UNIT C14466 

Similar to C14466 

These diagrams are similar to the plates attached to motors when they leave the factory, 

CENTURY ELECTRIC COMPANY, ST. LOUIS, MD. 
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A TERIAL PAT. MLD. DIE 

PART V -55 7.20CC 
  DRAWN Bt_ 

INSPECTED 

ÇfV 

783 

7-,",E;E: 1'70 7-e rC' TO .4? 
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,ee-ve:e5/erGe 

THIRD ANGLE PROJECTION GENERAL ELECTRIC CO WORKS 

REVISIONS 

NS 

THIRD ANGLE PROJECTION 

V 

MATERIAL PAT. MLD. DIE 

V-3-870.e5/ 
DRAWN BY_ e 
INSPECTED _eyiérra•-e.4)_ 

EXTE>tt VAL .Z)///><>9 

FIRST MADE FOR £---/J7 C4 - 14.-C 1%10 7-be 

rA.f7-
•--)VVVVVVVVVNe  

FIRST CALLED FOR ON .5-et- 3 7 e .5/$0,9 

tit 

see 
ctlp 

GENERAL 

c.c.w. eoTATioni 4,5 
tcbe C. w. rif 770A/ /4,r-e-A--

ctiqtv'ez- [EARS 7; fr73 

1.,eVE 

 141 

PRINTS 
TO 

88 

891:2. 

740-) 

e-

ELECTRIC  rit4er iv,4ytver  WORKS 

V-5-8 70 ste/ 
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MATERIAL PA T. MLD. DIE 

PART V-5872083 
DRAWN By __. i 
INSPECTED 

fe.,r 
779e  

etionie 

THIRD ANGLE PROJECTION GENERAL ELECTRIC CO  

E-XTEXWAL ..0/,/f/e'AA1 
FIRST MADE FOR X-L-Aforbe-_5%.ere.,47-5 

FIRST CALLED FOE OM .5-:eC4 74 

Cc kv or9 770..N/ bv"/ 
rne-roes, /"./re:e-

chMeeFE" 
zrz.ec.c.- reetiev,ic Arceleo 

"eater ts/AYA/E  WORKS 
V-....525' 7206'3 

Je 

fl7iíçi  
ifereiz,) 

.988(32 
i?/z e 

z2-75 

1.111111  0 0   DRAWN BY 
1 e., i © o INSPECTED  

s3. 

53(D E xP 

MATERIAL PAT. MLD. DIE 

PART V -32370483 

THIRD ANGLE PROJECTION GENERAL ELECTRIC CO  

E -A7F/VAZ Z)//1 ,47 
FIRST MADE FOR 

FIRST CALLED FOR ON -s-A'73.49.357 

Cc h/ e0179170/ .43 C. W 
eor,477,0,./ /nfe-e-,ecw,9wîzr Á"e"z7 "94/42 

.6.4,4c,<- L e".4 0-5 ow ,F)ve-

be. 
4/we' 

YA/  WORKS 

V- 58704983 
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REVISIONS I 

THIRD ANGLE PROJECTION 

V 

. MATERIAL PAT. MLD. DIE 

V-583_5/94 
DRAWN By/22-1/44a— 

INSPECTEectailetem.4  

EXTERNAL_ DA /c?,9/4,1 

FIRST MADE FOR /17-"C/IfOra/e PÉV- SP CAP. 

FIRST CALLED FOR ON 75Ge4, 

FOR C.0 W ROT,a -rio", co"-i/vecr 7", 4 T2 TO 0 ""e" 
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C VV eorA riOn/ ini -reRcHAp../E" r, & 73  
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AV1 RA TE 
0,4PAC/ re'? 
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PRINTS 
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c 

D- 75 

THIRD ANGLE PROJECTION GENERAL ELECTRIC CO icraer WA YNE  WORKS  
V-58 70 2 3 2 
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PEVISIONS  
AM° effeerh 

enl›. foS  

MATERIAL 

DRAWN BY te • 
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PART V —58 70 
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REVISIONS 

MATERIAL PAT. MLD. DIE 
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REVISIONS  
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REVISIONS  
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CONNECTION DIAGRAM 
Single Phase Induction Motor 
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WD -460 
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220 VOLT CAPACITOR START INDUCTION MOTOR 
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#5 
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JANETTE MFG. CO., 
CHICAGO, ILL., 

Condenser 

WD -620 

110 VOLT CAPACITOR START INDUCTION MOTOR 

#5 

#8 
#1 

#2 Line 

To Reverse Rotation Interchange 
Leads #5 & #8 Janette Mfg.Co. 

Chicago, Ill. 
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WD -515 

Run == Start 

Main 

Yellow 

— 

Green *-11 

Brown  

110 VOLT  CAPACITOR MOTOR WITH 

Mag.  Brake 

Brake Coils 

Brake Lead "B" must be disconnected 

from Line simultaneously with Motor, 

for Maximum Braking connect thru  

Switching Arrangement as indicated. 

To Reverse Rotation 

Interchange Leads #5 & #8 

5 

8 

1  

2 
Line 

JANETTE MFG.CO. 
CHICAGO, ILL. 

3 WIRE REVERSING CAPACITOR MOTOR 

WITH AUTOTRANSFORMER 

WITH MAGNETIC BRAKE 
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WD -634 

Bottom of 
Transformer 
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9 2 
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3  

 • A.C.Line 

3   
!A-Single Pole Double 

Connect 1 and 2 C.C.W.Rotation 

Connect 1 and 3 C.W. Rotation 

Throw Switch 

Lead "B" must be connected 
so circuit thru brake coils 
is opened when motor stops. 

JANETTE MFG.CO. 
CHICAGO, ILL. 
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AMERICAN STANDARD 

3.6 CAPACITOR MOTORS 

3.605 General 

Where auxiliary devices (capacitors, transform-
ers, contactors, relays or centrifugal switches) 
are included in or on the motor frame and 
permanently wired to the motor or where sev-
eral auxiliary devices are assembled in a separate 
enclosure and are permanently wired together 
therein, terminal markings need be used only on 
leads coming out of the motor or from the sepa-
rate enclosure. The terminal markings to be 
used for these leads shall be determined from the 
following standards. 

3.610 Subscript Numerals for Capacitors 
and Transformers 

Subscript numbers of the letters J, H and X 
shall be the same as the subscript number of the 
terminal marking T of the motor lead to which 
they connect when the motor is connected for 
standard rotation. 

If the lead from a capacitor or transformer 
connects to a junction of two motor leads on a 
single voltage motor, the subscript number of 
H, J or X will be the lower of the numbers 
used for the interconnected motor leads when 
connected for standard rotation. 

On dual voltage motors, the high voltage 
connection shall determine the subscript number 
of H, J or X, even though the low voltage con-
nection is to be used. 

3.615 Subscript Numerals for Relays, Con-
tactors and Centrifugal Switches 

External leads from the contacts of relays, 
contactors or centrifugal switches, when con-
nected to motor, transformer or capacitor, shall 
bear the same terminal marking and subscript 
number as those used on the device to which 
each contact is connected when the motor is con-
nected for standard rotation. (This is standard 
cont rol practice.) 

The coil terminals of relays or contactors shall 
bear the terminal marking and subscript number 
of the lead of the devices to which they connect, 
the lowest subscript being used when connected 
to a junction of two or more leads. 

Interconnections solely between relays, con-
tactors and centrifugal switches, either contacts 
or coils, shall bear a common numeral at each 
end, but no letter, and the numeral must be 
higher than the highest subscript numeral used 
on the motor, capacitor or transformer. 

3.620 Subscript Numerals for Interconnec-
tions Betweelt Auxiliary Devices 

On an interconnection between a capacitor 
and a transformer or between either of these de-
vices and a relay, contactor or centrifugal switch 
where there is no connection to a motor lead, a 
common subscript numeral shall be assigned to 
the letters J, H or X, used on the interconnected 
terminals which numeral must be higher than 
any subscript numeral used on any terminal 
marking of the motor leads. The relay, contactor 
or centrifugal switch terminal will take the same 
letter and subscript as the transformer or capaci-
tor to which it connects. 

3.625 Terminal Markings for the Starting 
and Running Windings 

The terminals for starting and running wind-
ings for capacitor motors shall be marked in ac-
cordance with the principles established for single-
phase motors in 3.505, Note II. 

3.630 Terminal Markings for Dual Volt-
age, Single-Phase Capacitor Motors 

The terminals for dual voltage, single-phase 
capacitor motors shall be marked in accordance 
with 3.510. 

3.635 Connections and Terminal Markings—Capacitor Motors 

The diagrams which illustrate most of the connections now in use for capacitor motors are 
shown on the next page. 
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AMERICAN STANDARD 

T, T, 

~AMA) 

o 
A. CAPACITOR START, CAPACITOR RUN MOTORS: 
e CAPACITOR START, IN DUCTION RUN MOTORS: 

FIG. I 

FIG. 2- LOW TORQUE, CAPACITOR ONLY 

FIG. 3- HIGH TORQUE, CAPACITORS 

AND CONTACTOR 

FIG. 4 - HIGH TORQUE, CAPACITOR, 

RELAY AND CONTACTOR 

F I G. 5- H IGH TORQUE, CAPACITOR 
& CENTRIFUGAL SWITCH 

NOTE-IF CENTRIFUGAL SWITCH 13 \,_...,.:IEMANTELY WIRED TO 
MOTOR,OMIT ITS MARKINGS 

TS START Té * 

ENCLOSURE 

T• • 

Jo 

J. 

FIG. 6- HIGH TORQUE, CAPACI TOR START, 

CAPACITOR RUN, TWO CONTACTORS 

STAR 

-r 

NOTE-1F CENTRIFUGAL SWITCH 
IS PERMANENTLY WIRED TO 
MOTOR OMIT ITS MARKINGS 

•(3).\30J, 

ENCLOSURE—>: 

FIG. 7- CAPACITOR START, INDUCTION 

RUN, DUAL VOLTAGE 

FIG. 8-CAPACITOR START AND RUN, 
WITH DOUBLE THROW CONTACTOR, 
TRANSFORMER AND CAPACITOR 

j NOTE I-To be connected to capacitors in accordance with manufacturer's diagram. 

NOTE II-Dotted lines show enclosures. If cepacitor and relays are supplied with internal wiring in place, terminal markings to be applied 
only to external leads. 
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A SHADED POLE MOTOR is a single phase induction 
motor provided with an uninsulated and perma-
nently short-circuited AUXILIARY WINDING dis-
placed in magnetic position from the main 
winding. 

• 
• • ‘• ,.\• Coil, 

• N 
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.‘ • • • 
) —. — I 
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I I I I 11 i I :I 
I :I I 
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J _ ___. j __,) 1 
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\ Shadtn 

/K 
/ main 

Windin,9 

The AUXILIARY WINDING is known as the SHADING COIL 
and usually surrounds from one third to one half of 
the pole. The MAIN WINDING surrounds the entire pole and may consist of one 
more coils per pole. 

Shading 
Cod,. 

Or 

OPERATION: In the unshaded section of the pole, the magnetic flux produced by the 
main winding is in phase with the main winding current, whereas the flux produced 
by the shading coil is out of phase with the main flux. Thus the shading coil acts 
as a phase splitting device to produce the rotating field that is essential to the 
self-starting of all straight induction motors. As the movement of the flux across 
the pole face is always from the unshaded to the shaded section of the pole, the 
direction of rotation can be determined on the normally nonreversible motor by 
noting the position of the shading coil with respect to the pole itself, This type 
can be reversed by removing the stator from the frame, tarning it through 1800 and 
replacing it. 

CHARACTERISTICS: The starting torque will 
not exceed 80% of full load torque at the 
instant of starting, increases to 120% at 
90% of full speed, decreasing to normal at 
normal speed. This type motor operates at 
low efficiency and is constructed in sizes 
generally not exceeding one-twentieth H.P. 

APPLICATION: Fans, timing devices, relays, 
radio dials, or in general any constant 
speed load not requiring high starting 
torque. 

SHADED POLE MOTOR-2 MAIN WINDINGS: This 
type is externally reversible by means of 
a S.P.D.T. switch as shown in the lower 
diagram. Note that only one set of shad-
ing coils is used. Trace the circuits and 
establish the position of poles for both 
rotations. 
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Single-Phase 

Motors 
Shaded-Pole Type 

The shaded-pole type is one of the 
simplest self-starting single-phase mo-
tors. It has a stator, Fig. 1, like the 
field frame of a dc motor, built of 
laminated steel. A slot cut across each 
pole face holds a closed-circuit coil, 
called a shading coil, Figs. 1 and 2. 
This is often only a rectangular copper 
stamping. 
When current increases in the main 

coils, a current is induced in the shad-
ing coils that opposes the magnetic 
field building up in the part of the 
polepieces they surround. This pro-
duces the condition of Fig. 3. When 
the main-coil current decreases, that 
in the shading coils also decreases un-
til the polepieces are uniformly mag-
netized. As the main-coil current and 
the polepiece magnetic flux continue 
to decrease, current in the shading 
coils reverses and tends to maintain 
the flux in part of the polepieces. 
When the main-coil current drops to 

zero, current still flows in the shading 
coils to give the magnetic effect, Fig. 
5. By comparing Figs. 3, 4 and 5, one 
can see that the magnetic field has 
moved across the polepieces from left 
to right, showing how the shading coils 
produce a rotating magnetic field that 
makes the motor self-starting. This 
type of motor suits applications where 
starting torque is low, such as small 
fans, and comes in fractional horse-
power sizes only. 
The split-phase motor with running 

and starting windings in the stator, 
represents another self-starting single-
phase type. The winding produces con-
ditions at starting resembling those in 
a 2-phase motor. 

Alternating 
current 

'noted iron 

FIG. 1 

,Mcsin 

FIG. 3 

To sing/e-
phase fine 

-,Shading 
coils 

r0 line 

FIG. 6 
FIG. 7 

(57 

Shading,' 
coil 

FIG. 4 

FIG. 5 

Figs. 1 to 5—How a shaded-pole, single-phase motor operates. Fig. 6— Diagram of 
split-phase motor. Fig. 7—Diagram of split-phase motor with external reactor 

Fig. 6 shows one design of split-
phase motor. The main coils have com-
paratively low resistance and occupy 

about 75% of the slot space. A high-
resistance starting winding fills the 
remaining slot space, displaced from 
the main winding by 90 electrical de-
grees. 

Split-phase motors are also built 
with an external reactor, Fig. 7. con-

nected in series with the main winding 
at starting. At about 75% operating 
speed the starting switch throws from 
start to run position, opens the start-
ing winding circuit and short circuits 
the reactor. Adding the external reactor 
reduces the starting current and in-
creases the current lag in the main 
winding. 

LINE 

GROWING FLUX 

SHADING COILI 

/SHADING COIL 

STATOR 

DYING FLUX 

SHADED POLE. INDUCTION MOTOR. 
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Shaded Pale MOTORS 
for Alternating Current Only 

APPLICATION AND PERFORMANCE DATA 

Application — The shaded pole induction motor is 

one of the most popular fractional horsepower motors 
in use today, chiefly because of its low cost of manu-
facture and its dependability. The only moving parts 
are the rotor and its shaft, so there is nothing to get 

out of order. 

Motors of this type are successfully applied on 
applications such as fans, heaters, advertising displays 
and timers. All devices to be driven by motors of this 
type should require relatively little power or starting 

torque. 

Characteristics—The more important of the many 
different characteristics of the shaded pole motors are 
included in the following tabulation: 

1. Simple construction. 
No brushes or internal switches to introduce 

complications. 

2. Very quiet. 
Favorable magnetic distribution and absence 
of brushes facilitate silent operation. 

3. Low starting current. 
Most shaded pole motors may be.,stalled for 
extended periods without damage. 

4. Relatively constant speed. 
Voltage changes have little effect on motor 

speed. 

5. Low starting torque. 
Care must be taken to insure the motors hav-
ing adequate torque to start loads under 

adverse conditions. 

6. Inexpensive. 
Shaded pole motors are usually less costly 
in small sizes than any other type. 

The shaded pole motor, being simply a salient pole 
single-phase induction motor with an ordinary squirrel 
cage rotor and with machine wound pole windings, is 

extremely simple in construction. This simplicity is 
responsible for its ability to carry loads for extended 
periods and under adverse conditions because there 
are not internal switches or brushes to cause trouble. 

The construction also keeps the manufacturing cost 
down and it is to the inexpensiveness of the shaded 
pole motor that much of its popularity can be at-
tributed. Shaded pole motors of very cheap construc-
tion are often used for small domestic appliances. 

Simple construction also helps in securing quiet 

operation. In addition, the magnetic distribution of 
the shaded pole motor is rather favorable, and for 
this reason shaded pole motors are frequently used 
where quietness is an important consideration. 

The motor speed is relatively constant at a given 
load, being affected but little by voltage fluctuations. 
If the load varies there will be some change in speed, 

but this is relatively small, especially in comparison 
with a series wound universal motor. Introducing a 
series resistance or reactor in the circuit will decrease 
the speed somewhat, but this is often not practical be-

c:tuse the breakdown torque of the motor is decreased. 
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The starting torque of a shaded pole motor is al-
ways low, and depends to some extent upon the posi-
tion of the rotor. The shaded pole motor is therefore 
used chiefly for driving fans and other appliances in 
which there is very little load at starting. 

Because the shading coils br starting windings) 

are in the circuit during both starting and running, 
the efficiency of the motor is very low. It is therefore 
generally used only in small sizes where power con-
sumption is a relatively unimportant factor. 

Construction—The four salient poles of the shaded 
pole motor are arrarpd as shown in the aczompany-
ing diagram. Shading cails, pun,hed from copper, 
like rectangular washers, arc fitted over one of the 

Fig. 2—Cross section of a small shaded pole moto,. Note the 
large main coils which surround the field poles and the four 

stamped shading coils over the pole tips. 

pole tips. These form the starting winding or shading 
pole. Alternating current in the regular pole intro-
duces an alternating current in this shading coil. The 
latter current lags considerably behind the current in 
the main winding. Since the two windings are not on 
the same center line, the current lag in the shading 
coil sets up a revolving field which, while not as 
smooth or as steady as that in a polyphase induction 
motor, pulls the rotor around in the same manner. 
The direction of rctation is always toward the shad-
ing coil. 

As the shaded pole motor has salient poles, the coils 
which go over them may be form wound by machine, 
rather than hand wound as would be necessary if the 
poles were distributed The simple stamped metal loop 
which forms the shading coil can then be easily slipped 
into place. 

Fig. 3—A small s6aded polo motor of high quality — Bodine 
Type NSP-I2. 

Motors of this type are generally wound with four 
poles as in the diagram, or with two poles. The num-
ber of poles determines the motor speed, which ap-
proximates 1600 rpm for the four pole windings. 

Shaded pole motors are usually operated at the 
point where the speed tends to fall off appreciably 
with increase in load, to secure best efficiency and 
greatest output. 

The rotor of a shaded pole motor is very similar 
in appearance to :he squirrel cage rotors used on split. 
phase and polyphase motors. It consists of a number 
of laminations of high grade silicon steel stacked to-
gether, a copper lamination being placed at each end 
of the stack. Copper rivets, uniformly spaced around 
the periphery of the laminations, hold the stack to-
gether. 

Bodine shaded pole motors may be obtained with 
speed reducers built as an integral part of the motor. 
Both single and double worm gear reductions are 
available, permitting a wide choice of drive shaft 
speeds. Speed reducer motors are described more com-
pletely in other catalog sheets. 

For dimensions and ratings of shaded pole motors, 
consult the appropriate catalog pages. 

Fig. 4—Shaded pole motors have all coils connected in series 
with the line. 
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REPULSION -INDUCTION MOTOR 

220 E LINE if— 
+ 

OPERATION  
This motor is different from the repulsion-start-induction type in that it has no 
centrifugal switching mechanism, no short-circuiting device, and no brush rating 
equipment. Starting as a straight repulsion type, this motor combines both repulsion 
and induction operation when running. In addition to the regular winding, the rotor 
of this motor is equipped with a squirrel cage as shown in the diagram above. Both 
windings are located in the same slots and the squirrel cage, although inactive at 
the instant of starting, develops a gradually rising torque as the speed increases 
When normal speed is reached both windings are carrying load. A further advantage 
of the squirrel cage lies in its speed regulating action, this effect tending to 
maintain constant speed with variable load. The advantages claimed for this type 
of motor are no centrifugal or short-circuiting mechanism to give trouble, good 
commutation, simple construction, and a high power factor during operation at or 

near full load. 

CHARACTERISTICS  
This motor will develop 4 times normal full load torque with 5i times normal full 
load current. The variation in speed from no load to full load will not exceed 5% of 
the normal full load speed. See curves below. 

APPLICATION  
Air compressors, pumps, strokes, hoists, con-
veyors, machine tools, dairy machinery, etc. 
In general, this motor is suitable for any 
type of load requiring a high starting torque 
and constant speed operation. 

PRINCIPAL TROUBLES  
Commutator, brushes, brush holder, bearings, 
insulation, and opens, grounds, shorts, and 
loose connections in either the rotor or stator 

windings. 
The repulsion type motor is very sensitive to 
brush setting, and for this reason the manu-
facturer marks the brush holder and housing to 
facilitate brush positioning. One commutator 
bar from the correct position may cause un-
satisfactory operation. To reverse the direc-
tion of rotation, shift the brushes. 

IKE CM RVES ..,• 
o Rup‘n_sum--ttevi--xwat4 romonm 

oo 

oc* s_. 

Di 
e 

00 
a 

'rf pii- ktoe 5 

.... d 
e 

0 0 

ez• 

N 
\ 

oo 

--con 
oç 

eee-

20 40 60 80 

OF simUlW1/40v5 5V E 
(Met. 



MOTORS - SINGLE-PHASE - REPULSION INDUCTION 229 

REPULSION-START-INDUCTION MOTOR 

OPERATION  
In this motor are combined the high starting torque of the repulsion-type and the 
good speed regulation of the induction motor. The stator of this machine is provided 
with a regular single-phase winding, while the rotor winding is similar to that used 
on a D.C. motor. When starting, the changing single-phase stator flux cuts across the 
rotor windings inducing currents in them, that, when flowing through the commutator 
and brushes, set up poles on the rotor which remain stationary in space and maintain 
a continuous repulsive action upon the stator poles. This motor starts as a straight 
repulsion-type and accelerates to about 75% of normal full speed when a centrifugally 
operated device connects all the commutator bars together and converts the winding 
to an equivalent squirrel-cage type. The same mechanism usueilly raises the brushes 
to reduce noise and wear. Note that, when the machine is operating as a requlsion-
type, the rotor and stator poles reverse at the same instant, and that the current 
in the commutator and brushes is A.C. 

CHARACTERISTICS  
This motor will develop 4 to 5 times normal full load torque and will draw about 3 
times normal full load current when starting with full line voltage applied. The 
speed variation from no load to full load will not exceed 5% of normal full load 
speed. For complete data on current, torque, etc., see cures below. 

APPLICATION  
Air compressors, refrigeration compressors, 
plunger-type pumps, meat-grinders, smpll  
lathes, small conveyors, stokers, etc. In 
general, this type of motor is suitable for any 
load that requires a high starting torque and 
constant speed operation. Most motors of this 
type are less than 5 h.p. 

TROUBLES  
Commutator, brushes, centrifugal switch, short-
circuiting rig, bearings, oil-soaked insula-
tion, solder thrown out of commutator, too much 
or too little tension on the throw-out spring; 
opens, shorts, or grounds in the rotor of stator 
windings. Rotation is reversed by shifting the 
brushes. 
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Aemeé 
ENGINEERING INFORMATION 

REPULSION START INDUCTION MOTORS 

TYPE RS; 110/220 VOLTS; REVERSIBLE 

Frame Internal Connection Diagrams 
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UNIVERSAL SER/ES MOTOR 

c E0E 
5 

A 
LINE 

The above motor operates on the magnetic interaction between the armature and 
field poles, and runs in the same direction whether the current flows in on line 
A or line B, since reversing the flow of current in the line wires changes the 
polarity of both armature and field poles at the same instant as shown at C and 
D. Therefore if such a motor be supplied with A.C. the torque developed will 
always be in the same direction. Since this machine operates on both D C. and 
A.C. it is called a Universal motor. To operate satisfactorily on A.C. all parts 
of the magnetic curcuit must be laminated to prevent undue heating from eddy 
currents, and element windings are usually desirable on the armature to ensure 
acceptable commutation. On the larger motors compensating windings are employed 
to improve operation and reduce sparking. 

CHARACTERISTICS  
This motor will produce about 4 times normal full load torque with 2 times normal 
full load current. The torque produced increases very rapidly with an increase in 
current as the curves below indicate. The variation in speed from no load to full 
load is so great that complete removal of load is dangerous in all motors of this 
type except those having fractional H.P. ratings. 

APPLICATIONS 
This motor is widely used in fractional +00 0 
H.P. sizes for fans, vacuum cleaners, 3600 

kitchen mixers, milk shakers, and portable 
equipment of all types such as electric 3200 
drills, hammers, sanders, saws, etc. 2800 1..; 

Higher ratings are employed in traction E work, and and for cranes, hoists, and so on. Q: 2400 48 

In general, they are suitable for appli- r 2000_8+0 
cations where high starting torque or 

L'1 1 600z3e universal operation is desired. 14.1 
PRINCIPAL TROUBLES 

es Commutator, brushes, brush holders, bear-
8Do cg.t6 ings. Opens, shorts, or grounds in the 

armature, field, or associated apparatus. 4- 00 I- 8 
Loose connections. 
To reverse the direction of rotation, 0 o 

AMPERES reverse the armature connections or the o 2.5 

field connections, but not both. H. P. 
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Se/Li:M. MOTORS 
AC, DC and Universal 

APPLICATION AND PERFORMANCE DATA 

Application—Series motors can be successfully ap-
plied to almost any device which does not require a 
constant motor speed. They are found on household 
food mixers and sewing machines, on typewriters and 
calculating machines, on portable tools, and on all 
equipment which must operate with the same motor on 
alternating and direct current. Devices requiring high 
motor speed or wide speed variation are usually 
equipped with motors of this type. 

Series wound motors are used on either alternating 
or direct current, and when so designed the same motor 
can be used on both. It is then referred to as a uni-
versal motor. 

Characteristics — Among the principal features of 
series motor operation are the following: 

1. Universal operation. 

Motor usually designed for both a-c and d-c. 

2. Variable speed. 
Motor speed drops with added load or de-
creased voltage. Rheostat control of speed 
is practical. 

3. High starting torque. 

High speed series motors have a higher start-
ing torque for a given rating than motors.of 
any other type. 

4. High- motor speeds. 

Higher motor speeds can be obtained from 
series motors than from any other motors 
designed for use on commercial currents. 

5. High output for a given frame size. 

Good efficiency and high speed combined 
produce maximum output. 

6. Reversible. 
Motors may be wound for reversibility with 
either single or double pole switches. Re-
versing may be accomplished either at stand-
still or while rotating. 

Series motors are most frequently used as universal 
motors. No universal motor, however, has exactly the 
same characteristics on alternating and on direct cur-
rent. The output on d-c is higher at a given speed 
than it is on a-c, this effect being due to the increased 
impedance of the windings on a-c. 

In selecting a series wound motor, allowance must 
be made for this difference in performance, which will 
depend upon the nature of the load and the speed at 
which it is driven. The higher the operating speed, 
the more nearly alike will be the characteristics. 

Occasionally resistance is used to reduce the d-c 
speed, or a special tapped winding requiring the use 
of a switch in changing from d-c to a-c may be re-
sorted to. These methods, however, complicate the 
mechanism and add to the cost. 

Series motors change their speed inversely with 
change in load, and will not drive each of a number 
of similar machines at the same speed. There will 
be small load differences caused by bearing fits and 
similar mechanical factors. These saine factors will 
also cause differences in friction within the motor, so 
that both the no load and full load speeds of similar 
motors will be somewhat different. If constant speed 
is desired, some motor other than the series type should 
be considered. 

Voltage fluctuations also affect series motor speed, 
a drop in voltage producing a drop in speed. This 
makes it possible to secure variable speed by means 
of a rheostat. 

Adding resistance to one side of the line reduces 
motor output as well as speed. It also reduces the 
starting torque, and unless care is used in the selec-
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tion of the resistance values the motor may fail to 
start under load. 

Resistance is sometimes used across the motor arma-
ture. This tends to compensate for the difference in 
a-c and d-c operation, to increase the starting torque, 
and to generally stabilize motor operation. If a vari-
able rheostat is used, it will function as a speed con-
trol, although not over as wide a range as if it were 
placed in the line as outlined in the preceding para-
graph. A sufficiently high value of resistance should 
be selected to prevent overheating of the field coils. 

The high efficiency of series wound motors makes 
possible more output from a given frame size than for 
other types of motors. This is an important factor in 
the selection of series wound motors for portable 
equipment. Where the duty cycle is very intermittent 
so that temperature rise can be disregarded, the out-
put can be increased to several times that obtainable 
in a constant speed type of motor in the same frame 
size. Since series wound motors develop their maxi-
mum efficiency at relatively high speeds (4000-8000 
rpm) they are especially desirable for high speed de-
vices such as drills, saws and routers. 

Motors wound for only one direction of rotation 
generally have longer brush life than do reversible 
motors, since the communtator is more advantageously 
connected for non-reversible units. 

Due to the high speeds at which series wound motors 
usually operate, the life of brushes and bearings is 
appreciably less than for the constant speed type 
motors. The servicing factor, therefore, limits their 
application in general to intermittent duty applications. 
Series wound motors have, however, been applied suc-
cessfully on many continuous duty applications where 
the operating characteristics required are favorable, 
or the nature of the application is such that a moder-
ate amount of servicing is expected. 

(a) 2 LEAD NON-REVERSIBLE (b) 4 LEAD REVERSIBLE 

The brushes selected for Bodine series wound motors 
which are carried in stock are of a grade best suited 
for satisfactory all around performance. Where motors 
are built to order for a given application, the proper 
grade of brush is selected to give longest life for the 
operating conditions involved. All factors in design 
and application which affect motor performance also 
affect brush life. Special consideration is given to 
these by Bodine Engineers in building motors for a 
given application. 

Construction—Bodine series wound motors may be 
obtained in a wide range of frame sizes from 278" 

diameter upward. These frames are of several different 
designs so that the special requirements of any motor 
drive application may be most satisfactorily met. 

The motor ratings are dependent upon the speed 
desired, the continuity of service, and other factors 
governed by the individual application. In general, 
series motors are rated at 1/8 hp and less at 3600 rpm, 
but higher ratings may be furnished if the operating 
conditions are favorable. 

All Bodine motors are designed to give the most 
reliable operation. Special care is taken to provide 
good commutation, and to insure proper protection 
of armature windings at high speeds. Armatures are 
carefully balanced against vibration. Motor frames 
may be ventilated or enclosed, with sleeve or ball 
bearings. 

Series motors are all of the wound armature type, 

with two salient field poles. Complete constructional 
details will be found in the Bulletins describing each 
motor frame. 

Practically all frames may be furnished with speed 
reducers to simplify drive problems. 

LINE - 

(c) SPLIT-FIELD 3 LEAD REVERSIBLE 

Fig. 2—Three of the most commonly used internal connections for series wound motors. Others can be furnished where required. 
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ROTATING MAGNETIC FIELD 

NOTE ; FLEMINGS RULE IS APPLIED TO MOTION OF THE  CONDUCTOR.  

FLUX MOVING UP IS EQUIVALENT TO CONDUCTOR MOVING DOWN. 

If a permanent magnet of the type shown above be rotated about a squirrel cage 
rotor, the flux of the magnet will cut across the squirrel rotor bars and induce 
voltage in them. The direction of these voltages at any instant may be determined 
by Fleming's Right Hand Rule. Application of this rule to the diagram above shows 

that currents will be flowing toward the observer under the North pole, and away 
from the observer under the South pole. 

Viewed from above, current is circulating counter-clockwise around the rotor there-
by establishing a North pole at the top and a South pole at the bottom. As the 
magnetic field is rotated, the rotor poles move at the same speed and in the same  
direction and maintain the same relative position; that is, midway between the 

stator poles. 

A 

D 

DiagramsABCD. show the relative posi-
tion of the rotor and stator poles for 
four different points in one revolution. 

In A there exists at the instant shown 
the same condition described above. In 
this case however, the rotating magnetic 
is produced by a different method. 

In B the revolving field has moved through 
one-quarter revolution. Note the change 
in current distribution in the rotor bars 
and the movement of the rotor poles. Dia-
grams C and D show the condition at later 
points in the revolution. Reversal of 
current in rotor bars causes rotor poles 
to revolve. 

Although the diagrams show the current 
in the rotor bars changing direction in 
groups, the rotor bar currents actually 
reverse one at a time as the stator flux 
sweeps by. This produces a smooth pro-
gression of the poles around the rotor. 
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FIG. 6 FIG. 4 

FIG. 8 FIG. 9 
FIG. 7 

Squirrel-C age Motors 

FIG. 5 

Figs. 4 to 8—How the magnetic field in an induction-motor stator con be made to rotate when its windings are connected to a 
2-phase circuit. Fig. 9—Direction of current generated in a rotor winding shown by dots and crosses on the rotor bars 

Fig. 2 

la lb IC Id le 

One ah'ernireionl One cycle - • --pi Fig. 3 

Fig. 1—Stator of an induction motor. Fig. 2—Squirrel-cage rotor of an induction 
motor. Fig. 3—Two-phase voltàge or carrent curve: 
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Fig. CO. This diagram of three-phase voltages covers two complete cycles. The numbers on it refer to the nunibers on the 
diagrams below. Each diagram shows the condition in the armature at the instant indicated by the corresponding number on 
this curve. The action of the magnetic field is smooth and regular; the rise and fall of currents in the conductors is also 

smooth and regular 

a i 3 — 3 2 

The current f tering the 
ni olor on line 1 dividei. 
equally and leaves the motor 

on line !! and line 3 

.Vow the current in line 
is zero and that flowing in 
at line 1 leaves at line 1. 
The magnetic field revolves 

clockwise 

The current in line 1 is small 
and joining that from line 
flows out in line .3 which 
carries a maximum negative 

current 

This and the following dia-
grama show how the snag-
Katie field continues to ro-
tate throughout the remain-

der of the cycle 

) (0) (I I) 

Fig. 61. This series of twelve diagrams shows the electric and magnetic conditions in a 
two-pole, three-phase motor at the end of twelve equal parts of one cycle 
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Palepha.le MOTORS 

Including Polyphase Synchronous 

for Alternating Current 

APPLICATION AND PERFORMANCE DATA 

Application —Polyphase motors provide a highly 
reliable drive for machinery, and can be used on prac-
tically any constant speed machine where polyphase 

power is available. They are frequently used on in-
dustrial equipment, but are seldom found on domestic 
appliances in this country, where most service is single 

phase, from 110 to 120 volts. 

Polyphase motors are most generally wound for 220 
volts, although in some metropolitan centers there are 
208 volt a-c networks for which the motors are usually 
made to order. Three phase motors are cataloged, but 

two phase motors can also be supplied. 

Fig. 1—The Type NPP-54, Is hp, polyphase motor, 5%" in 
diameter. Other motors vary from 3-21/64" to 5%". 

Bodine polyphase motors are regularly manufac-
tured with ratings from 1/70 to 1/4 hp. at 1725 r.p.m. 
Lower speeds cannot, in general, be furnished because 

the stator of such small motors does not provide suffi-

cient slots for the winding. 

Polyphase synchronous motors develop less output, 
and carry ratings from 1 150 to 1/8 h.p. at 1800 r.p.m. 

Characteristics—The most outstanding character-
istics of polyphase motors are listed below: 

1. Practically Constant Speed 
The speed drops about 3% from no load to 

full load for non-synchronous motors. 

2. Exceptional Reliability 
There are no brushes to replace, and no cen-
trifugal switches are used inside the motor. 
The only physical connection between the 
rotating shaft and the rest of the motor is at 
the bearings. 

3. Easily Reversed 

The motor can be reversed by merely inter-
changing two of the three line connections. 
This reversal can be accomplished either at 
standstill or while rotating, but frequent 
reversals will tend to make the motor run hot. 

4. Definitely Fixed Speeds 
Sixty cycle motors operate at 1725 r.p.m.; 25 
and 50 cycle motors at 1425 r.p.m. 

5. High Starting Torques 
These motors develop starting torques from 
200-350% of full load torque, depending 

upon motor size. 

A polyphase squirrel cage induction motor is one of 
the simplest motors known, and in larger sizes is very 

commonly used. Most of its inherent advantages are 
also obtained in smaller frames; hence, where poly-

phase current can be obtained, it is preferred to single 

oq 
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phase motors. It gives the highest output for a given 

frame size, weight, and speed, its rating being greater 

than that of a single phase motor wound in the same 

frame. The starting torque, too, is greater, and is al-

ways uniform, regardless of the rotor position. The 

running torque is practically constant, and the pulsa-

tions, often found in single phase motors, are entirely 

absent. The polyphase motor is, therefore, quiet and 

smooth running, and has little vibration. 

Polyphase motors do not have the high starting 

currents that split phase motors do, and may, there-

fore, be used where high starting torque and low start-

ing current ere required. 

Some applications may require absolute constancy 

of speed. For these, a polyphase synchronous motor, 

operating at 1800 r.p.m., is recommended. Such a 

motor is similar to the standard induction type, ex-

cept that the rotor has sections cut from the surface 

so as to form salient poles. These poles pull into step 

with the rotating magnetic field, and the motor oper-

ates at synchronous speed. Motors of this type do not 

have the high efficiency or starting torque of the poly-

phase induction motor, and the horsepower rating is 

somewhat less. They do develop better starting torque 

than does a single phase synchronous motor, and are 

simpler in construction. Hence, polyphase synchro-

nous motors find application on specialized machines, 

particularly in sound recording. 

Construction—Mechanically the construction of a 

polyphase motor is quite similar to that of any other 

modern a-c induction motor. It consists of the wound 

stator mounted within a center ring, the squirrel cage 

rotor mounted on the rotor shaft, and the two end 

shields to carry the bearings. 

Bodine polyphase motors are regularly built in a 

number of different frame lengths and diameters. 

Motors 

loged. 

annual 

as small as 3fi" diameter are regularly cata. 

All polyphase motors are designed for long 

service, and may be depended upon to stand 

up as long as the machines to which they are con-

nected, unless operating conditions are extremely un-

favorable. Ball or sleeve bearings are available, and 

the motors can be furnished either ventilated or en-

closed, and for horizontal or vertical mounting. The 

many details of motor construction are described in 

Bul letin 1021A. 

Three phase motors, the most usual polyphase types, 

operate from three line service wires, and have three 

separate internal windings, distributed in slots around 

the stator bore, and displaced from each other by 120°. 

The windings may be connected with their respective 

ends together, and the leads brought out from the 

three common points, in what is known as the Delta 

connection. It is more usual, however, for small motors 

to have three of the ends of the windings connected 

together, and the other three brought out to the line. 

This is the so-called Star arrangement, and is used 

on Bodine motors, because of the lower currents and 

smaller wire size in each phase resulting from its use. 

The squirrel cage rotor consists of a series of steel 

laminations with several 

end, held together with 

cc,pper rivets that carry 

copper laminations at each 

copper rivets. It is these 

the current induced in the 

rotor. When polyphase current is applied to the stator 

windings, a rotating magnetic field is set up. The 

rotor is pulled around in the same direction and at-

tempts to keep in step with the revolving field. The 

windings of each phase are of the same wire size, and 

all are connected to the line wires. 

Speed reducers can be furnished with all Bodine 

polyphase units. See Bulletin 1022A (Section 3005, 

Pages 11-22, of the catalog) for complete details. 

Fig. 2—Internal wiring arrangement of a Bodine Polyphase motor 

using the Star connection. 
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STAR OR Y 
CONNECTED 

ENG I NEER I NG I NFORMAT ION 
POLYPHASE INDUCTION MDTORS 

TYPES SC, SON, SCH, SOT, SCX, AS, SR - 3 PHASE 
Three Phase motors may be either Star or Delta connected and no general rule can be set down for use 
of either connection. Individual ratings must be checked by the general office. 

follows: 
Our standard method of marking leads and the schemetic representation of circuite!is as 

Ti 

DUAL  VOLTAGE*(11D/220, 190/380, 220/440 etc.) 

Consider T and T4 (Fig. 1) as the end of one circuit)Çnd T7 and 
the center of the st ir as the ends of the other circuit, in one phase- Do 
the same for each of the other two phases. To connect the stator winding 
for the higher voltuge, the circuits in each phase are connected in series; 
therefore, connect TÀ to T7,7-5 to Tg, and T6 to Tg. Line connecrions=1 
be made to Tj, T2, and là fig. 2 and 5 show these connections. 

9 

To connect the stator windings for the lower voltage, the T oe 
circuits in each phase are connected in parallel, therefore connect 1.. to 

1177775o Tg, and T3 to lg. 14, T5 and T6 are connected together to form 
a point, thereby forming a' second star in parallel with the star whose ends FIG, 1 
are T7, Tg, and Tg. Line connections, as before, will be made to Ti, T2 All terminal lugs are 
and T3. Fig. 3 and 6 show these connections. stamped in accordance 

with this diagram, 

I 'I 

T/ 

These motors have permanent connection plate near terminal box. 

SINGLE VOLTAGE*(1,99.209,220,440,550.2200 etc.) 

T3 

Only leads T1, 12 and 13 are brought out as shown in fig. 4 and 7 (Single voltage motors 
usually have single section windings rather than the double section winding shown in Fig, 1) 

Connections are indicated on lubrication tags sent with motor. 

FIG. 2 
Hie Voltage 

FIG. 3 
Low Voltage 

FIG. 4 
Single Voltage 

DUAL VOLTAGE CONNECTIONS (Similar to B6671 & B7203) 

All Form A 204 and smaller; Form W, 224 to 326; Form T 204 and larger. (T superseded by W) 

L 

11). 1 2 113 

77}DT8_,T9 
Cr ..1 le' T5 ° T6 

FIG. 5 
High Voltage 

DUAL VOLTAGE CONNECTIONS (Similar to B4270 & B4271) 

FIG. 6 
Low Voltage 

FIG. 7 
Single Voltage 

All Form S motors. Form T motors 444 and larger. 
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ENG I NEEÍÑO I NFORMAT ION 
POLYPHASE INDUCTION MOTORS 

TYPES SC, SON, SCH, SOT, SOX, AS,, SR - 2 PHASE 
Our standard method of marking leads, and the scnemetic representation of circuitetis as 

follows; TWO  ' PHASE FOUR WIRE  
UAL VOLTAGE*( 110/220. 220/440 "tto..) 

Consider Ti and T5 (Fig.15) as the ends of one circuit )6, and 
T7 and T3 as the ends of the circuits in the second phase. To connect  
the stator windings for the higher voltage, the circuits in each phase 
are connected in series; therefor. connect T5 t'1'7, and T6 to T8 
Line connectioñiiirrf-se made to Ti, T2, T3 and T4. FIGS. 16 and 19 
show these connections. 

T5 

Te41011WOXIMIŒ8 T6 naiRentU T2r' 

To connect the stator windings for the lower voltage, the 
circuits in-éia— îhase are connected in parallel; therefore, connect 
T1 to T7, T5 to T3, T2 to T8 p and T6 to T4. Line connection, as before, 
will be made to T1, T2, T3 and T4. Figs 17 and 20 show these connections. 

These motors have permanent connection plate near terminal box. 

SINGLE VOLTAGE* (199, 208, 220, 440, 550, 2200 etc.) 

IT3 
FLG. 15 

All terminal lugs are 
stamped in accordance witt 
this diagram. 

Only leads 11, T2 and T3 are brought out as shown in Fig. 18 and 7 (Single voltage motors 
usually have single section windings rather than the double section winding shown in Fig. 15) 

Connections are indicated on lubrication tags sent with motor 

FIG. 16 FIG. 17 
High Voltage Low Voltage 

DUAL VOLTAGE CONNECTIONS (Similar to B6672 & B7204) 

All Form A 204 and smaller; Form W, 224 to 326; Form T 204 and larger (T superseded WI 

FIG. 18 
Single Voltage 

(ID 
1 T 3 12 T 1 4 p,. 9'18 9a6 

FIG. 19 FIG. 20 
High Voltage Low Voltage 

DUAL VOLTAGE CONNECTIONS (Slar to B4252 & B4272) 
Ali Form S motors. Fo na T motors 444 and larger 

FIG. 21 
Single Voltage 

TWO PHASE THREE WIRE  
For connection to a three wire system, connect motor leads T3 and T?, together. Line 

connections will then be made to Ti, T3_2 , and :.4; the common (or return wire) being connected 
to T3_2. 

IC - The terms "circuit" as here used refers to one-half of the number of poles in one phase. 

* - See price sheet for standard voltage and horsepower of individual ratings. 

Sec. 53,P,RD 
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Efi,flNEERING INFORMATION 

CONNECI1ON PLATES MULII—SPEED SQUIRREL CAGE MOTORS 
2 SPEED 1 AND 2 WINDINGS 

THESE LEAD MARKINGS APPLY TO MOTORS MADE IN 1940 AND LATER 
3 PHASE 

STAMPING OF AUXILIARY NAME PLATE 2 SPEED 1 WINDING 3 PHASE 

LOW SPEED HIGH SPEED 
L1 L L Iv LI 12 L3 

T1 T2 T 3 f=717-121 I 

O • 

T6 T T5 

2 Speed 1 Winding VAR. lORQUE 

SIMILAR TO B4494 

UPI SPEED 

Lit II Lv 

116....111.••••• 

HIGH SPEED 

2 Speed 1 Winding CONSI. HP 

SIMILAR TO C17131 

LOW SPEED 
L1 L2 Iv 

e • 

HIGH SPEED 

Li L2 L3 

2 Speed 1 Winding CON. TORQUE 

SIMILAR TO B4494 

AUXILIARY NAME HATE 2 SPEED 2 WINDING 3 PHASE 

Lli 

T1 

LOW SPEED 

LI L3 

T2 Tie3 

T lee 
1 11 12 1 

HIGH SPEED 

L1 L2 L3 

I . 

I . 
2 SPEED 2 WINDING MOTOR 

1  I TORQUE I 

3 PHASE SERIAL NO 

YIIP 

SIMILAR TO B4248 

THESE DIAGRAMS ARE REPRODUCTIONS OF PLATES ATTACHED TO MOTORS WHEN THEY LEAVE THE FACTORY. 
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ENGINEERING INFORMATION 
CONNECTION PLATES MULTI-SPEED SQUIRM CAGE MOTORS 

3 SPEED - 2 WINDING - CONSTANT HP 

THESE LEAD MARKINGS APPLY ID MDTORS MADE IN 1940 AND LATER 3 PHASE 

AUXILIARY NAME PLATE 3 SPEED 2 WINDING CONSTANT HORSEPOWER 
2-4-6; 4-8-12; 6-12-16 POLE 

LOW SPEED 

1/4:7) Tu. -1 T15 

2/  T12 *TA 

e3 T:3 17 15 

CONSTANT HP 

CENTURY ELECTRIC COMPANY 
ST. LOUIS, MD. 

MED SPEED 

• 

I 

3 PHASE 

to • 

SERIAL NO. 

s 4 • • 

HIGH SPEED 

LJJI 3 

 1 
SIMILAR TO C17132 

AUXILIARY NAME PLATE 3 SHCED 2 WINDING CONSTANT HORSEPOWER 
4-6-8; 6-8-12; 8-12-16 POLE 

CENTURY ELECTRIC COMPANY 
ST. LOUIS. ND. 

MED. SPEED 

SIMILAR TO C17134 

AUXILIARY NAME PLATE 3 SPEED 2 WINDING CONSTANT HORSEPOWER 
4-6-12; 6-8-16 POLE 

LOW SPEED 

CENTURY ELECTRIC COMPANY 
ST. LOUIS, ND. 

MED.SEEED 

1-J L3dZ 

12 
• 4110-' 

Ti,'T 5 1 • T1 • • • 

CONSTANT HP 3 PRASE 

• 

• 

SERIAL NO. 

HIGH SIE ED 

• • L1)1 3 
• • 

• • • 
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ee•a -

EN3INEERING INFORMATION 
CONNECTION PLATES MULTI-SPEED SQUIRREL CAGE MOTORS 

3 SPEED - 2 WINDING - VARIABLE TORQUE 
3 PILASE 

THESE LEAD MARKINGS APPLY TO MOTORS MADE IN 1940 AND LATER 

AUXILIARY NAME PLAIT 3 SPEED 2 WINDING VARIABLE TORQUE 
4-6-8; 6-8-12, 8-12-16 POLE 

LOW SPEED 
.3. 

T1 T6 111 

T P4 Pi? 

T? 

CENIURY ELECTRIC OOMPANY 
ST. LOUIS, MO. 

MED, SPE» -, 
le 4 L1:7 

VARIABLE TORQUE 

• e 

• e 

3 PHASE 

1 
HIGH SPEED 
L, • If Le 

•,e) • 

• 

SERIAL NOI  

AUXILIARY NAME PLATE 3 SPEED 2 WINDING VARIABLE TORQUE 
4-6-12; 6-8-16 POLE 

CENTURY ELECTRIC COMPANY 
Si. LOUIS, MO. 

LOW SPEED MED. SPEED 

Lle/2 L • i, TIL.L2 L3 e 

T2i l) / dr,4 •TI2 

T1 T6 ;11 

1  T3i •r5 01'13 a 

VARIABLE TORQUE 3 PHASE 

HIGH SPEED 

• 

• • 

1• 4; 

• e 

SERIAL mq 1 

AUXILIARY NAME PLATE 3 SPEED 2 MINDING VARIABLE TORQUE 
2-4-6; 4-8-12; 6-12-16 POLE 

LCW SPEED 
Li,L2L e 

[ Ill T16 

T •,/ 7° T • 
2 ,' 12 14 

T310/ 1• .r3 15 

CENTURY ELECTRIC COMPANY 
ST. LOUIS, MO 

MED. SPEED 
Li) L30 e 

) • • 

• 

VARIABLE TORQUE 3 PHASE  

a 

SERIAL 

HIGH SPEED 
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TERMINAL MARKING 84 CONNECTIONS 
A.C. SQUIRREL CAGE MOTORS 

352A 
THREE PHASE - STAR 

SINGLE VOLTAGE 

and 

THREE PHASE--DELTA 

Single Voltage 

Tvgle\N 

/ goes> 7-8•.\\ 

T1 

14 %  Te 

3 

PHA sE I 2 

LaArtii, Ti -T3 Tx-T4 

To RrytnsE DIREC-

TION OF ROTATION,IN-

TERCHANCrE Ti re T3 

352A 

TWO PHASE 

Single Voltage 

4-4-0 VOLT 

ON 

s, --77 7r o ga 

Le ^n)-15 n-,--T% --1-3 
C-0 IN NECT -re. -To -r-7 

T s TO TE 

--% -TO Ti 

2. 20 VOL— 

ON 

s-r,a, -r o g? 

Foe LeAm. 1,ToIN -r-, TOT. 
‘ z.• 

1-.1 

c.0,-.) N EC"- -1-..., - -rs - -re. 

364 

THREE PHASE - STAR 220/440 Volts 

THE LOUIS ALLIS CO., MILWAUKEE, WIS. 



MOTORS — POLYPHASE — SQUIRREL CAGE 247 

TERMINAL MARKING & CONNECTIONS 
A.C. SQUIRREL CAGE MOTORS 

368 

440 VO LT 

0N4 

• 5 7 - - Fl -r OR- 

Le-AZS -T-i - -1—z - 773 
CoNNec-r- —E4 TO --T---7 

Ts To 7 -6 

-I- G. ro Te 
" 

22 0  vo I__r 

0 N 

S -r-ta -ro -rp.., 

Fost LCAD e l Jo(N -Ti - T -7 

- e2 Tz - T4 - T3 
- - e-3 .. T.3 - Ts - 7-9 

THREE PHASE--DELTA 

220/440 Volts 

7-5 

-r""-~"1-8 

17-3 

, 1, 
-r4. T 

7-4 

X. 

7-

ir7 

4 40 VOLT 
0 i--1 

Le>"2' 's m - -r-. --r3 - 
Ts -T co.—, e c...-,- --r 5 -ro 7-7 

-1-6 To -T-8 

Li L. L3 -1-0ETH tot 

2 -acpvc),--,- 
cn) ,... 

S-r e,-ro Fe 

Fo it. L e. MO 1 Jo.... -1--, -co -T7 
., ,. -r-e_ ̀. -TS Z 

0.. -r.-e 1 pe D -rowi),,e_%{ "T, T. 7-3 "T.,b.:"Ts,"1-4„ 
" ., 3 ,, -73, 

To waviEots e IDnec-1-(o(, OF it077.-11ceisi 
Li ..,....aL z. 

4- " -1-* " "7-4" 
FS4wse A - Leicret,s, I-, ,., -r, 
P-4 A s 33 -I_ ibo›s 

380 

TWO PHASE 

220/440 Volts 

THREE PHASE 
STAR--DELTA 

THE LOUIS ALLIS CO., MILWAUKEE, WIS. 

421 
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Speed 
e2 

TERMINAL MARKING & CONNECTIONS 
A.C. MULTI-SPEED MOTORS 

3 SPEED - 3 PHASE - 2 WINDING 

Sp eed 
-e, 

Z; 
13lE#07 itei. 

7-47%/72»7 a/ /Mario ;7 es 
_3..v.eeel Jeay Keer/Sre/e Teiefee. 

Jeeeed c3ce-e? 7gethu. 

"ilow 7; 7;  

Z; Z; 773 - 

4:11///7 7 7i‘"7;  
L, z. 

ueJ z„ A 1, 

The Zodeis Allis ce• 
felwowei,, 

4497  

r. 

A;EA1,4 J-7,4 
edit 

Term/na/ irligeknles 
.3 speed 2 ›Yee:9 Con.rlani 7 q .'e-

Speed eiZe- eloen nleehee 

41/ Loee 7; Ti 7;7; 71:  
7;:. e3 — 

re -•3,9/9 17 — 
1.7,-ewene I, 13 L3  
ffeve..se. 12 L, 13  

e-eeeder Fblea 

-05 - 2 x See te 

The Ladd/5 .31//is 
eansree•e 

e-0 

'Far  

*52 / 

,e-m4 
••••:,„,#.. Z 

reern /i7 a/ 11-1 see is fe 

C e,"pee., 2 »lee?. eciesteei learzer 

Speed ‘jzte.er ace.? 
./.(ou.., 7; 7; 

4tz 7.71 - 

Zig Who,-

7; 47; er7:7; 
for...ssedL, Z1 L 3  

feveese Z a 4 13  
spews - x Ce.e.e.,?: Pole 

" )eP:"”-

The Jowls "9//i's 
e 
52/ 

2 SPEED - 3 PHASE - SINGLE WINDING 

4 9 7Z-.-nemar./ 
2.6;04-e-de 5.;79/e Yarldble Teeeme. 

7. 
Speeds 
xy nz 

Ts 

4 Zeareei 
o'lt 

YFIY TA Std. 

Comb e/2 

76 

speed i'l reefer Open 7ayeePer' 

w/ low 7; 7; Z; 

'zrn Th 7i — 
Fore.w.rie 1, z. .z3 
Aever.le la L/ 1.3 

X ce,,ser. Ave .5peed # 
- - 2peed 2Xl 

77se. Zen.3/3 »MS CO. 
»b/w ene/eee fre7.5 

.492 

SO 

2 Speeded 

-Speed, 
e *2 74 

L le ereris 
03i e 

ek.-#1,9 Jett 
Geent,'"/2 

Zirerecidee/ "Were-did, e 

5/n.y/e JiKee Codefropp, 

7-‘ 

Speeee eezeir Oped ,.9.."`*e.-
4/ Low 7; Ti 7; 7:0 -Ts-re --

°2///jh Ts TV Te — 7: -Ti -7i 

.....k/4,0 Z i 1 r L3 
/reverse Lz L, 1-3 

X P.0.,1 C00.59,4 ?We.- ..i.peeci 
2e Fier Spree ZW 

7»e .Losois ea:. co. 
)415. 

87* Teeeprier.e/ hfaelrines 

2 .5pe e'd ..5-1,75/e We& Cor,Jltent Werse Power,-

4 [...Pais 

YE/,7A Sea/ 

Seetrxe e:::":„„efe- open 7ó9eenee 

el Z 0.«, 77 7i. 7:3 - 

**2 11,:gh 7.; re Te 77-T.-73 
Forewend L, iz 13 

feVer5« 1, 1, 23 

«r‘ 010 - 2 X Y -Con ierPole - 
h911- Pd- - - Sfiecel le 

77>e Zo./.3 A/h .s es. 
ee7e. 'ne 5/6 

THE LOUIS ALLIS CO., MILWAUKEE, WIS. 
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TERMINAL MARKING & CONNECTIONS 
A.C. MULTI-SPEED MOTORS 

4 SPEED - 3 PHASE - 2 WINDING 

"v493 7érenindr/ Merril-J:7ga 

7. 4 jpeeci AY4 1/4,•/;74/e Zererue 

,z 

7KF/YIA 
C'emb .7 

speed,' 4"1";•4̀'er op,n x4j47-he, 
7i 7; 7;7;-7i - 

.rz T. 4: 7,-.5 ifTer -7;6 — 
*3 7i 74; 7., 
"41,3 . 7,74 7:s 7;s - r-7,;-7,-3 
Fbrewer4 I., te 13 

»verse íz 1., 13 

ee,..«. Pe« 

The Lowis 4./bs eo 
hle>a«eatae .4,•••• 

.:e e3  

"505 

Spec .05 

7; 
7' .7 

epeed.s 

,7 

7%, 

/YEDTA 57W. 
comb 7 

léehrm a/ 73-1c.,-/r2ries 
4 ..5- 4-e.‘" ?/9V. e".0.757`.0e77" Toe, 

/I 

Acurew' 4.44",•;;". 0,5,e/7 Al....gel:4e,-
'flow 7- 7; &-7; 4:-.7,--- 7; - 
-2 r 7:= 7,-37,-, 4 -Xs-I,: - 
'...i 74i 747. 7; 
*4,1/4 9,7 7;4 7;4‹ Z.; Z-474-4 
Foeek,etro 2, 2, 2.3 

4'e,.'e'-.sr L. L, 

..S.peed.5.71..:2- z. ÇtCon_ser Mile 
,, 3* 4 • zee. 

The L /s ,//,.s C.. 
/Pl:/..4., _wee« e, 

'415,0.174 

5„......, ,-2.:-..,.;f- a,..,, eeem,  
../ Low r 7; 7.; - Z"•7:-•Z=7; 
4,2  
*3 74 7; 4-6 7.-•7•73-
'41//94 7;6 7;v7,:d4 7.--A -4 
epresteaW L, Lz L„„ 

eevees& L, L, L2 

'494 7;verrsierer/ lew-h--/n 9 e . 
4 epeed z 02:71é. .1-.1,e71eb/e' Ti7e-fue. 

7s 
.*-peevr's 

7;3 

7;s 
h'Efrie .srd. 
con," */, 

fL 
'‘ 

-Sewed e...17:„e7 ao err 7iigeehee 
*flow 7,- 7; 7., 4  ek «4  - 
'2 li 7ii 7..i 77•7;-7; 
43 Z; ea 7;3 4-7,-.-e. - 
.4/tie, 7,-.. 7,-. Z-5 
én.........,-40 1, 1, 43 _ 

..Pir vee3e 12 L. 12 

5,0e-e'er's "As', - r Re Y tin sep 
• '74.4 - 2,e Boer - 

7.4e• L d//is ea. 
frei • 

e4 94 4 

*504 A:v.-miner/ es. 
4 ..1,o,ed •r fee./ 74";efire. 

Soceeee eSe•des". Often 7il ethop 
',Lou, 7; 7; - 71-7i 74-- .7;--7; 
4.2 

4 7-4, 
4,3 7,-, 7,-. tiZi- 7,;. 
*4///9), 7,-. 7:- z; 
Foetuarde L, I, 43 
eeverfe L, Z-, L2 
Sfreeds-/..°'S - Abed ConSef Pole 
• - 2 xRe r - - 

The iods/... Go. 
)77,/wer“//e, kris. 0 

50 
4 

'4;5/8 

r7, 
..epeeis 

74 

7-

Yeefsrd. 
cor..rdX  

7G;/%77/e7a/ 7frfarlf infs. 
4 speed z Wiejr, Gone-ton, Nora., Pewee 

ii 

aceer 7,-;j7e/her 
e/.104«, 7; 7; 7; - 
•er ri 7; rli 7,--.• -3. - 
*3 

r 4 Zi - eieire4; 
"%Feel? Zie. 7;ei-7,-; - 
reeseard/ .L, La. Z3 
"reve'r.St. L. L, L.3 
5,4,44 - z e-.4,594 Pole 

e • "Z*.4 - xfkre, 

The Louts /7//is-

,579 

THE LOUIS ALLIS CO., MILWAUKEE, WIS. 



250 MOTORS - POLYPHASE - SQUIRREL CAGE 

,YEIY7,95/441/. 

TERMINAL MARKING & CONNECTIONS 
A.C. MULTI-SPEED MOTORS 

3 SPEED - 3 PHASE - 2 WINDING 

4•49S-

4,ifiler 

.0/ 

Ta 

Speed/5 7;4 

its 

Slae. 
e 9 

Tèvvre'fia/ 7eaririiies 

•3;oeece Zkree. ea,-/ah/e. Ti••-ed<de-

7,3 

.5fice-ce Cee;45:' Gicee? 

e/Zow r 7; 7;  

r 7;3 4-?..3";. ;"..  

z-‘ — 
Foresseeeso, 1, L 13 

1Peued-;G Z. 1, 

- 
•• .r k el.eser,13k 

zx fre 

The 10414E ,07//is do. 

helift5-„i 

0507 

.5/ereel 
e/ 

1; 

7; 
seen,/ 

7;4 

r„ 

Piz 

AIEMA .Tfee 
b. 

7Ce-recin a/ 7)7..,,-*'/.79S 

.3 Spee-ce 2ød Coeisiaesi Toefoie 

.Speed `7e" quen legelhee 

*/ Lome 7, - 7; 7; — 

z-. 
Peeee,e,W L. L. 4  

verse L, L, 

- 
•• - X Pew d Ceereer ?We 

e. 

The 1o..;$ AWis 
/4,:wedeleir e, Wis. 

eif07 4 

72-em/r7.0/ 

-3 s,oeece frreeit eónst4nli f;̀"0°..."..; 

Spee.11 (9,ce,r 

17; 

7; 7,-; -  

ff'9'7 7:: 4-4 -  
ffieez.o.,  I, Zz L. 

4".v .-se. Ca  

s;oec '/ - s-c,-
- F (onset,. Pe/e 
.. 3,3 _ ere ci 

The Louis ,07/4:r Co. 
iee/Wer3.4•Pe /3/7 

f.57 

ArEMA 
c'enef ./0 

.494 

4eee /Kt 
">z 

7; 

IVE7)44 Std. 

ree/37 / 'U7/ be.e.-e;y, 5 
3 speed ?ø. Var/ohie 7e;r5.1.ee 

•Speeee 1/2sfae ,--

e/Low 7; 7; 7; Z--&--7; 

Aigetede 

74 

...e/i/9/7 z; Z 7,-. 
Z. £.3 

ee-verse  
.52,eear' e/ - X Ree V er:w.r.re. Pole 
- zx/drre - • - 
- <3_ 

The .ZONV.S 09/6,:r 
lei/eua,A4'oe. lekt 

e4t 94 .4 

7C•rmin a/ learifings 

a -Speed .2 hi.a9• Conel-ani 

Seeece rofee>" 
Z 7; 1; 1; 7;-7jr -7;  

IX - 

z, 
1, 

T‘  77:  

Ñeesee,-4 

etvee.re Is 1, 

Spek-d'4/ - ZIf4C. c.$3.ef /41/ 

2  %.7„ r  

The .lomis A/hi Co. 
esas 

*520 

SPIIEDS 
ft-e•t T4 

SPUD •3 Ty 

TVS 

NEMA STD. 
CO PAD. •4 

TERMINAL MARKINGS 

3 SPEED -2 W .ISG.- CONSTANT 

It 

HORSE 
POWER 

SPEED 

*I LOW Ti Ti T3 ••• 

•/ Te, Tv. TsT, T  

*3 HIGH T.. Ta T,3 —  

FonEwmto L, Li L3 

REVERSE La L. La 

USE Poet 
Le...os OPEN TOGETHER 

T4T3T6T-t 

5 PEED *1 « PAR Y Couscs.PoLE 

• *2- • PAR - 
• *3- 5rit Y 

THE LOUIS ALLIS CO. 
MILWAUKEE-NHS 

*520 

THE LOUIS ALLIS CO., MILWAUKEE, WIS. 



MOTORS - POLYPHASE - SQUIRREL CAGE 251 

TERMINAL MARKING & CONNECTIONS 
A.C. MULTI-SPEED MOTORS 

4 SPEED - 3 PHASE - 3 WINDING 

04fe 7i-ern/ire,/ 71.elariring. 
4 Spee-eY 3 Xri.9.. rerier.e/e Tore, eae 

T.; Tit 

7-, n 7: tn, r. n  n. 
..." 

1,ri;7ai;sf S:3,,Ajl /nay bey anai 7,-; at 7i, ...,//4ei be "e.r.raert 

epe tar' fa41.4, 0,0 00 769erher 

/ Lots, Z 77.- 73 -  
7 7,57- 7:-7;  

7, .4„ 
tiet.m Sip. 

  7ite-Lom.:r.9///:r 
FOrfe,rene It L,. LJ 

eeveda.re L. L, L. 

¿es. 

498 

0.570 Terrawier/ Mar/K:rg • 
4 .3 /11ré. Cos steep/ 

4- ••• ▪ r7„ 
-3-,oe.ees 

hoi:tee/érg "...e or 1.1,77 oybe Yersee 1.2.7z; ii//,,t be preserre 

0,Den refer/7er NÉ..14A • S ro. 
zo.«, 7; 7; 7,-7; otbers -  

74 7-e  

1 Zi  

'4 /We* 

Forward LI le &a 

geverse Z, t, L. 

-  The Lam;3- Allis 
ly.S.74 .•4,4e 

1570 

7i-rrn,re.a/ Tlfork/i7g 
4.3",oetée .3 ce ass/de« Her, e ebruer; 

Tf 

7.; 
, 4  

-754e.re." 4./ c 

1.0..ege.79 5 erte bib, be Yeeree 3▪ -7.7,77-7 evil/ e▪ el be prewar` 

,speee, cteen  

e/40-8<, 7.; efirreert 7:;e 7i-77  

wiz T;-. 7W: "  

7i7 

"  

1.re/Ped> 7,* 47.;  
;Greg...de .4 Iz .L  

?Freer-reL,. t, 

NEMA STO. 

ref .10.4W5 ili.S CO. 
lyi.Awave.41re 

24 

4.49, 7é/T77;r7,2/ efer.emb 
4 Speed • Weer. leierble 7ésrf 

ri 

76 
joe.rirr #/. 3 /7,2 

fre,;7ii/ne e,"4 mo/t mow' 47. 

Speeder L7r,er7 nealbee 

;11/ La.." 7,- 7; 7; eleetenr 

"m2zx,zsir 

4 7i 4--
.461/917 7:,  

-r4".er4"  
Aaser.re Z L, 

e-7; 

er..VW ,,*/ e-,,eltre.redel 

NEMA 3ro 

The Lewis Albs C. 
er;:7 

'499 

!ow 7i-rmiore,/ 
1-Speeése J eons...rag' 7-0.-fimi 

Ts 7;7 Tit 

.Speeee"./1'.5 

le7;ree.49 .'"*T or'le may beYian eir 4..7;7 Lea/ eos` be 
fo, ,Spe-e-d 7e2• 110''' 

''1,,w 7; 7i 37; Alleee, 

lez 4 

r6 74- 7-6-

ersi•a•-d L, 21 43 

,Pc verje j L, L3 

prefee, 

NEMA Sto. 

7-/Pe Loaee.; //i .-1 Co 
ee7.....,Yas. 

',57/4 

0S/3 7ée-r n in a/ learleirrf 
.4r.s,eect -or iew Coo, Sted hoorre Jotiaiee 

7; J7, 

6 
T Ir 

.40Dese •«..3 e4 

104‘1,:e.9 'e'er eég may be 4,• ee "'reseed.: 

eat,"  NEMA Sro 
4I•,_, T . 72 7; 'P.m."-, e-zi- -7i-7?' 

et 

>nog 

014 

Zi ;-7,"; 
7Z 7;7;r,  

L, L.,  
L, Lj 

- The ada:s A //is Go • 
Apse •-4.t Ir, S 

e‘523 

THE LOUIS ALLIS CO., MILWAUKEE, WIS. 



252 MOTORS - POLYPHASE - SQUIRREL CAGE 

TERMINAL MARKING & CONNECTIONS 
A.C. MULTI-SPEED MOTORS 

4 SPEED - 3 PHASE - 3 WINDING 

*SO o cv/ ef;P• q • 

4 3/Otte .3hYdif. me/431e. jT 

7; 

n «Ç,   71, 

rue "/... 4 
eediely ?or 13 may be Ybilde 7,-,117;7 not be presen. 

*tea' = or" eeee.n  NEMA ST o 

"/tow 7; 7; 73 ,.// °Mors - 

7; zg  

77,LZ); 

'4N.:9* /tit 4-

f-or ze.e-of 4 L, 23  

verve. Li 13 

1-7i-7i Ti§eLoe/s Ribs Co. 
»; 

'elf0 

7072 7Z-I-rnma/ MorellMe 
at. epee,/ 31144. Consl.,,,ed‘ 7éPefdde-

74 

1; 

7.1 
CL Cs 

.S7•••,/ 

May be Vaerad7,;••72", tud// ',see- be ,deed•Je41.. 

ertee a' 

eV Lox. 
le> 

eat.. lee 
deeded 

7,-- 4 

z; 

0,0« 7iiehe.re-

oTkops 

&r, If 

If 

#4 Ank * 

rot wata' 

7O. 

L, 

lj 

?reverse 

NEMA Sri" 

The /omit s Co 
leiAroweee 

.4974 7ér-erlirra/ 7Wor/rirr_q • 
ijoee./ 3 Cansloiat florre  /net47, 

eieri .03  

ItínaT/n_f '20e"..Tfeay.beYerrae,7;e7;7 laidtrof be Areetrerre; 
efieede ‘....1,Z,":"" Open 7iseme,- NEMA Sro 
eytow 7;" 7; 7; 

e3  

7"4. 7,-, TA  
d-Tr.d.Tede 4 lz ¿T 

feo-e,-so LI 

74efoai:r eo 
AM«, or /Are ••'; S 

4:5:21 

'vein 7b-r-mierc,/ 7)7.esr/fisyr 
4 5,e ewe' 3 yeadi.. 7-5,,deda. 

1; 111 

ni 
5,cree.d../ 

fre-no/ing oe'4 may be one 7,"; ...;/./.7.,tbe /ciee.res7! 

eje...1V.r" Opede 7i:so/Yee, NEMA STD 

4//obTerd  

Z-T  

'*3 Z. Z.« 7;$ 

ts  

/Y.-Led-Se La. Li L3 

Go. 

15-ev 

n:03. 7érerina/ learir;og 
-.Tepee./ 5 Wei,. Constant reefrran. 

1Ç à 

Week,. "Yo,•-•"..emese be Y erne/ 4.e.71-7 de, e not be pre 'en,. 
„speed ei'redf" gore 7;.9enbee NE MA STD 

#/10 so /7 7: 7;7; Allo#Are —  

**2 4 77i 44  
77s 7,-;r 4 

014///f,i X, 7;1 Z;7,7-

Foruie.vi 1, Ii 13  

Aever.re- Z2_ L, L . 

7-he losei., des CO. 
Aeiwowe...... 041. 

7Cren»a/ learlring 
4 SpTee 3rVeti,. Consfarde fio/Ve Tboper-

z. 7is 

7i 
e, et 

Speed.' d'/ 

JO:4dd;7 "/0, .be ran or' 7; e 7277 comihnot befireson 

ATEAM 

"4  

Ofiedi 

A/ Zoza 7;' 7;  

*3 

,tfeee Zid 4 .1 

Au-so...-d./ 4 I, Z3 

iyeyerie 4  4 L3 

3ro. 

7-kips/is /Mr Co. 

THE LOUIS ALLIS CO., MILWAUKEE, WIS. 



MOTORS - POLYPHASE - SQUIRREL CAGE 253 

TERMINAL MARKING & CONNECTIONS 
A.C. MULTI-SPEED MOTORS 

4 SPEED - 3 PHASE - 3 WINDING 

72./-mmai bferk,ny 
4 4-fivede ere'''. free,. b/e 72..-frea , 

7,, 

7; a. 
See-ed.' eerlot e 3 

dr ree.ey be Ya.efiN.37, wifinetiee,ere..rew/. 
0,0 ,,  NU/A Ste. 

z- 47; d/1 tber 

#.4thi/j/# ee 7;e-
Formr,ord L LI 4 3  

'fez/epee 22 13 

The .Z0dIli 111WIS CO. 
101.).....aeire >WS. 

712 

eSi 
4r 4-,,,e4e. 3..4-*/fr. Con sOrre o-er 

2. 

140;e671 %el') nvey Y  Idea' 7,e 7z; eed/ not be ,ee  

.7e,•"•,e 'b.. le- 00"r  NEMA Su) 
4%.[0-8-<., 77 7; 7,77,7//omen —  
e2  

7.."4 Zit 7;:r  

Ferec,a,-4' Z, .1. 13  

,?c-perse . Li L, 1.3 

The Lom.s wie//is Co. 
141's • 

iiir 

7.; 

Te-ernina/ Dear-Ir.:ye • 
de e elreeseeene• fieree 

e r;... 
Speed ."'• ••41, ere 

IK;ree/ke 'e/er".3 "bey be Yeedi 7,;*.eid w;//no/ fire.te,0,`. 

_5;oeea,  /YEMA Sro. 
Z- 72- 47; eiloe*'" 
7;, 7;: 773 10•E 

'...ecAi,f,* 7/4 Tiy7;07:7 
41  

Ter..0,-se 

T.. 

ier/f "V/ / Co 

e  

A9-0.5 Te--r.07/174/ 7)Tarierireer. 
.4 .50 ee.te 3 pe„,- , 4e/e 

7". * 

7-7 4 (r,-, et 
elf 4 

ieínobeiy w/orwZ maybe fiee.rent 

Speed ezUke.f". after? ,So.the,- NEMA Sre 
.z ozo 7;77 z./ 47;47; 4//./...,:r 

410 »fir 7; • 7i7z- 3-3 
A A  

eevee.re z, 1, zo 

7;' 

5,0'c '."c/ 

-7-ib The Zodits /////"..1 Co 
w, 

'503 

7érmina/ Irlerei;re• 
-epeed .3 i-r-ceir Censer . 

77 r,, 17j4 

7,7 

-Speed/ / 

"'/c'- .2 may be ›"..e.lef be 

7tc. 

e 3-i• 4 

-Spee•ee 0,0e,7 7.;g0/40,- NEmA. 
41'Iac' 7; «Jell/Wes — 

Zi7OZ; 
7it 7.37,1 

''›hi/9/1 7;4 7;r  
rofrivo..4 I, l z3 

,Fewerie L L; Z3 

,//is Co. 
ftparararkie 

1.575-

7 

4- ri  7,-, 
,9,,„,....e  

d#:;rdei/ry ii'oe'2 mey be r.,,,,e ,.,?.;, se,/// no,' .6 e pees es/. 

7Cre 4,/ efor/riee 
-or.6-,peeel 3 frKejí. •-•`....e 'Vo-se Pal.. .v. 

ff•:./1,' c7deee  NE'eA sfo 
Z - 7;77 ,f/loiners — 

.02 

7i; Ai 
'tees'*  

Z, 

7.;  

— 7;k...10d/is /9//is to. 

43.1,8e-se 1, L; Z3 

le/wo.eee S 

e3-Z 

THE LOUIS ALLIS CO., MILWAUKEE, WIS. 



254 MOTORS - POLYPHASE - SQUIRREL CAGE 

TERMINAL MARKING & CONNECTIONS 
A.C. MULTI-SPEED MOTORS 

2 - 3 - 4 SPEED - 3 & 2 PHASE 

-etiz# 7étimegv/ /efo,Ve.».9. 

2 -3 epeed- Se>esewle freereen9 for each 

ear/able Tésrpssee, eon sidsoe 7i)r.e./e. o, Co.est.ani Norse l'Swen 
3 rh.ose 

77 77 

Speed elZ  
*./  

7;. 7;;  

Atwy fheJe emu,. he eiTher 

Y leaf5;a- hew, 0•74 
ee ulisroessrel h.-p.p./hob 
0/7 ronTret 

have 4 /eÉreee .s-o es eb 
open .ZIerYe dulaeh not trr 4/..ee 
The cohIroI ewers core of 

0,ce,sieoy e/ecu/I 

Niek 4, Zit 7;3-4; The .1014/ ...1 Ail; s eo. 
}-.01-14,014, Z, 1, 7 3 e 

eepee-se is Z , L3 Wren sm. 

* SIBS 

SPEEDS 
61.4.1P3 

SPEEDS 
•21•4 

TERMINAL MARKINGS- 2 PHASE 

4 SPEED - 2 YVV6. - VAR I ABLE TORQUE 

T 

T3 

NEMA STD. 

Ij 

VEZ PQR.LIAOS 
SP teD 0H 4 1 N. -2 

* I Low T . T 1-2 To 

OPEN 

Al, OTHERS 

*2 1-11 1 13- T.3 TI‘,  

*3 T.T3 T3 VT, ;  

*4 H16 H 1 To TE3 MY. TP, 
Fonf WARD L, L3 Lz 

REVERSE L3 L. L2 L4 

.8 

THE LOUIS ALLIS CO. 

MILLVAUKEE-MAS. *588 

.-21re . 
Sfree.e- Seteoevele keipeeny for arach »Imo, 

Yor.ehle Toe-9m.; Coh.rfo,,T Teefme orCoessiohl Horse Ilaseer 

Z Phase, .3 or4 

Speeei ,e'»e • se•', Rhese'«z 
'I/ !ow 

71-3 

73-3 
7;3 
/3 

7,-. 
*3 

*4/1:9h 

foresuo.,/ 

7-,, TzE 

r.er 
.z, 
Z, 

Is .Z4 

.1 4 gePerfe z, za 

7; 11, 

7:ss 

3 ,,,,, .yeemreale and 
e•geh "'hose /s seeore/e ,so 
either 31../re or .4 .4.vre e,e4à,,k1 
fen be ',Jeer'. 
for 3whe cires,/ .4-e7Y etc. 
07,1 he tonne fete eoyefher. 
Ts II 

The !omit A/1/3 ea. 

Y ET/7A Stai 0:3-2f 

*589 
TERMINAL MARKINGS - 2 PHASE 

4 SPEED - VVD.G. - VARIABLE TORQUE 

-r 
VEC 10% uts.DS  

SPEED p. p. oyes 

*1 LOW T. Ts T2 T.. At,. OTRERS 

*2 15 1.3 11  

3 Ts Tut Tit T.«.  

*4 HIGH TH.T. TIS 

L. L3 Lt L4 

REVERSE L3 L I L2 L4 

THE LOUIS ALLIS CO. 

P111.14./AVI4Et-14/ IS. 

*589 

i*S90 
TERMINAL MARKINGS - 2 PHASE 

2. SPEED - I V...»D'6.-VARIOU5LE TORQUE 

T. To 

T, 

To 

T.. 

NEMA STD. 

USE Eel LEADS  
SPEED No Is. PH •?-

P1 Low T. To T. 

*2. HIGH T.To 13 Tzr,.  
Foss...map L. L3 LI L 4  

REVERSE L3 .. L2 L4 

OPE N 

T. To 

THE LOUIS ALLIS CO. 

muLwAut.ceE-wls. *590 

THE LOUIS ALLIS CO., MILWAUKEE, WIS. 



MOTORS - POLYPHASE - SQUIRREL CAGE 255 

TERMINAL MARKING & CONNECTIONS 
A.C. MULTI-SPEED MOTORS -- FOUR SPEED 

1-.. 
-I- 

TT 

14. LEAD OUT— 

in. 

rh 

F.S .,r,.. 

3 T'S T3 T, 

NO COMMON LEAD. 

S., 3‘17 
user, Forne 
LS , P5 

....... 
,...n. e.., -rose, ,-,Se 

1- L....es,  T . T . T3T, A LL or...ers 

2.- T ., T., T:3 1- A ,,, Dr.-••.1 

Ts T. T., ,-. -r,, r,.T.- -rs- -r, 

4- ,..o.esr r... r„ I-, 4 T, ,. T H r..-Tz-T s-T, 
ro. ,, ...rs L, L.,. L3 
R,v3. , SE L.. L., Ls 

390 
TWO WINDINGS -- CONSTANT 
TORQUE - THREE PHASE 

SPEEDS (1800/1200/900/600) 
(1200/ 900/600/450) 
_LI 

7e5 ,,,..r rM, 

j....• 

oeen, TOCITeAdrA, 
, Lowe, r .,-, a 7. 7.) adz anores 
2. r• rii 7;.. 
3- Ti rs 4 Ii. TS TN e -n-re 
4./I/GAYST r..« T. e* r lb Tb n. • 73 • - Al 

FORMS«. s, L. IT 
43'elAtlir Li Li i.J 

357 

TWO WINDING - VARIABLE 
TORQUE - THREE PHASE 
SPEEDS (1800/1200/900/600) 

(1200/ 900/600/450) 

T. 

T5 

T3 

T 

-rz 

Til 

TI4 iS 

T.3 

-T-7 I 
Tc 

. 
T,G Tr, 

SPELD 1)5E-e F'e LE_AioS 01=EN TOÇETHER 

I - Lowtsr T. Ts T‘ Ç - T3 T. T7 

2-- T. ; 1,T7 T. T5 - T., 

3 - T,. T,. T,. T„ T,.•T,, T,, 

4 HIGHEST T„ T., T. J,, T... Ts Tee. 
Foot...A.1> L. L, 

L. 
L, 

ke. ,ER SF_ L, L3 

435 
TWO WINDING - CONSTANT 

HORSEPOWER - THREE PHASE 
SPEEDS 

3600/1800/1200/600 

THE LOUIS ALUS CO, MILWAUKEE, 

rs 

T 

4 

r lt 

& 

• Tos 

.4 

T, T. 

MOTOR LEADS r, 
To 

T, ToBe CoNmecreD 

SPEED. iiiWp rs«.' OPEN TOGETHER 

I Lowcsr T4 Ts T. T -T, - T, - T, 

2 T„, T,s T. T„ T,, -T, -T, 

3 T, Ts r,-T, T. -T.. -T. 

4 HliNCIT T„ l', T,T, 1,.-T,,-T,,, 

F.R.W111,11, L. L, Ls 
Acvtonse L3 L, L3 

414 
TWO WINDING - CONSTANT 

HORSEPOWER - THREE PHASE 

SPEEDS 

1800/1200/900/600 
1200/ 900/600/450 

3 PH ASE aquoR./ZE.L. C 

C 

"11:44 .314T2H:r,. 

TT3. 

-r11 2-ti> 

T.. I` Lo.. 

GE 2,3 oFt 4 ..5REED5 

2 3 PER03 
'ÇL-T,,i,T,3 rom-i.. SPEC:, 

-T... T..; 133 rope PEE E, 

3 SPeeps 
▪ T13 peg. (3T Sp.... 

• T.3 ewe. 2.. 5Ptip 
T a T.35 folt. 3" 3 Pe D 

4 PLEID, 
T",, T.. ep T., out 13'..3 Peep 

Tr.s Foos25r ego 
T 3-• T3. & 1-3) ....3"•".5.tec. 
Ti T4141-4,3 F onAtt Speco 

2. PMAGE SOviRREL CA 

T, Conn...H-

T! Comm 

]). 

T41 

— Ty. 

T3. J 

2 'SP —Ts.. 

t 2-3 orz.4-5Pttme 

Z. aPtto3 
(-rz T..)recc“,4PCLD 
T., T34. )(1.3....-

3 SPE.e.DS 
F. I. Ts•cer, 

(71+1-c.)Cra • TO ..i.2 '° SI is.. 
(To -• T34)(T3HT3.) *Spcco 

4-.5Pe e 
(TLHT...)(Tr. T., ) FoR 1., "Pt.° 
(Ts TLA)(T S.> Fow. V.P.5.teo 
erz . Ts.) L-rs TS s)foot3 .--.5•530 
• T4.4)(T... T4 ) F,i.4 TM 5Wcso 

353 
Terminal Markings Whicn Include 

FOUR WINDING 
CT, VT or C.H.P. 
3 and 2 Phase 



256 MOTORS - POLYPHASE - SQUIRREL CAGE 

LOW HIGH 

GOO 

ID 
e 

eee 

lb ID ID 
000 

3 PHASE SINGLE SPEED 

NO. I STAR -Y-CONNECTION NO. 2 DELTA-CONNECTION NO. 3 STAR-DELTA CONNECTION 

220 VOLTS 440 VOLTS 

5 4 ?) e 
0(DC) 

Li L2 13 Li 12 L3 

NO. 4 STAR START 
DELTA RUN 

220 VOLTS 440 VOLTS 

8 4 h 6 4 

1 ? III CI 7 

9 3 6 0 0 (E) 

Li 12 13 Li 12 13 

START RUM 

6 4 5 o 

o 
Li L2 13 

000 
Li 12 13 

380 VOLTS 220 VOLTS 

6 4000 

L1 12 13 Li L2 13 

NO. 5 I DELTA CONNECTION 
2 STAR CONNECTION 

I DELTA 2 STAR 

(î) (I) (I) 

, 

III III 
1 2 (i 1 • 1 
1 

..) 

4) 0 
Li L2 13 Li 12 L3 

3 PHASE 2 SPEED 

NO. 6 TWO SPEED TWO WINDING NO.7 TWO SPEED SINGLE WINDING NO.8 TWO SPEED SINGLE WINDING 
CONSTANT TORQUE or VARIABLE TORQUE CONSTANT HORSEPOWER 

SPEED Ll L? L7 

LOW Ti T2 T3 14, TF:. 76. OpF,1i 

HIGH re 74 T5 71. T2. 1.3 Together 

2 PHASE SINGLE SPEED 

NO. 9 DUAL VOLTAGE 

SPEED LI L2 L7 

LOW Ti T? T3 14,15.16, Together 

HIGH 16 T4 75 71.T2.73 open 

220 VOLTS 440 VOLTS 

75 

I l 
AABBAABB 

12121212 

Î 

0 0 0 0 

4 4 Q 4 

NO. 10 TWO SPEED TWO WINDING 

LOW SPEED HIGH SPEED 

L1 

AABB 

0000 

L2 Ll L? L; 

AABB 

e 

t_, 

13 

Ll 

12 

L2 

41) 

2 PHASE TWO SPEED 
NO.II TWO SPEED ONE WINDING VARIABLE TORQUE 

Speed Li 

A 

LP 
A 

Li 
B 

L2 

P OPen 

Low Ti TJ, 72 1.6 73, 14 

High 71.75 73 1.2.76 14 

U.S. ELECTRICAL MOTORS Inc. 
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3 PHASE 11 SPEED 

NO.12 FOUR SPEED TWO WINDING 

CONSTANT TORQUE 
For 4,6,8, 12 or 6,8, 12, 16 POLES 

Speed Li LP L3 Leads Together Leads Open 

Low #1 11 12 13,17 None All Others 

#2 T11 112 113,117 None All Others 

03 76 74 75 11,12,13,17 All Others 

/4 116 114_ 715 711,112,113,117 All Others 

NO.14 FOUR SPEED TWO WINDING 

VARIABLE TORQUE 

For 4,6,8. 12 or 6,8, 12, 16 Poles 

Speed Li LP L3 Leads Together Leads open 

Low 01 TI r, 13 None All Others 

#2 T11 112 113 NonP All Others 

#3 16 14 Ts Ti, 12, 13, All Others 

#4 116 114 115 111,112,113 All Others 

NO. /6 FOUR SPEED TWO WINDING 

CONSTANT HORSEPOWER 

For 4,6,8, 12 or 5,8, 12. 16 POLES 

Speed Li L2 L3 Leads Together Leads Open 

Low #1 Ti 12 13 14,15,16,17 All Otners 

#2 711 112 113 114,115,116,117, All others 

1,3 76 14 15,17 None All Others 

#4 116 114 715, T17 None All Others 

NO.13 FOUR SPEED TWO WINDING 

CONSTANT TORQUE 
For 2, 4,6, 12 or 4,8, 10, 20 Poles 

Speed Li LP L3 Leads Together Leads Open 

Low ji TI 72 13,77 None All Others 

/2 Ts 14 15 11,12,13-T7 All Others 

/3 111 112 113,117 None All Others 

#4 116 114 115 T11,112,113-117 All Others 

NO.15 FOUR SPEED TWO WINDING 

VARIABLE TORQUE 

For 2, 4,6, 12 or 4,8, 10,20 Poles 

Speed L1 L2 L3 Leads Together Leads Open 

Low ¡I Ti TP 13 None All Others 

#2 16 14 15 Ti, 12, 13 All Others 

/3 Ill 112 113 None All Others 

/4 116 114 115 111,712,113 All Others 

NO.17 FOUR SPEED TWO WINDING 

CONSTANT HORSEPOWER 

For 2, 4,6, 12 or 4, 8, 10, 20 Poles 

Speed L 1 L2 13 Leads Together Leads Open 

Low #1 Ti 12 13 1.4 , 15 ,16, 17 All Others 

¡2 16 14 15,17 None All Others 

#3 T11 T12 113 114, 715,116, 717 All Others 

#4 116 114 115,117 None All Others 

U.S. ELECTRICAL MOTOle Inc. 
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CONNECTIONS FOR 220/440 V. MOTOR WITH iss.#2 

STD. 220 BRAKE 

NOTE ON BRAKE CONNECTIONS 

1 

4 
7 

9 

5 2 

Brake 

4  5 6 e 

-, í-
7 / S 9 

1 2 3 

220v. 

6 

3 

i 

See Note 
For Conn. 

Brake 

81 9i" 

4 1 51 61 

li 2i 3i 

440v. 

B 

For normal braking requirements, 
connect lead "B" to motor Lead #7 
on either voltage. 

For more rapid braking, provide 
a 4th pole on motor disconnect so 
that brake lead "B" is disconnected 
from lead #7 when motor line switch 
is opened. 

Janette Mfg.Co. 
Chicago, Ill. 
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3.7 POLYPHASE INDUCTION MOTORS 

3.705 Classes of Polyphase Induction 
Motors 

Induction motors of the slip-ring or squirrel-
cage type are divided into the following classes 
for determining terminal markings: 

Class 1—Three-phase motors having only one 
synchronous speed. ( See 3.715. ) 

Class 2—Three-phase motors having two syn-
chronous speeds obtained from a 
reconnectible winding. (See 3.720.) 

Class 3—Three-phase motors having two or 
more synchronous speeds obtained 
from two or more independent 
windings. (See 3.725.) 

Class 4—Two-phase motors having only one 
synchronous speed. (See 3.730.) 

Class 5—Two-phase motors having two syn-
chronous speeds obtained from a 
reconnectible winding. (See 3.735.) 

Class 6—Two-phase motors having two or 
more synchronous speeds obtained 
from two or more independent wind-
ings. (See 3.740.) 

3.710 Purpose of Rules Applying to 
Induction Motors 

The markings of the terminals of a motor serve 
the best purpose if they indicate the electrical 
relations between the several circuits within the 
motor. The windings of a motor are seldom ac-
cessible and the arrangement of the terminal 
numbers on the terminal board varies with the 
combinations of connections which are required. 
However, if a definite system of numbering is 
used, the marking of the terminals may be made 
to tell the exact relations of the windings within 
the motor. As far as practical, 3.715-3.740 are 
formulated to embody such a system, which sys-
tem employs as one of its fundamental points a 
clockwise rotation in the sequence of terminal 
numbering. 

For three-phase motors having two synchro-
nous speeds obtained from a reconnectible wind-
ing, it is undesirable to adhere to the clockwise 
system of numbering for all terminals, as this 
would cause the motor to run with clockwise 
shaft rotation on one speed and counter-clockwise 
on the other speed if the power lines are con-
nected to each set of terminals in the same se-
quence. This feature may be considered an ad-
vantage, as a winding with part of its terminals 
following a clockwise sequence and part a coun-
ter-clockwise sequence can be recognized imme-
diately as a two-speed motor with a reconnectible 
winding. 

For two-phase motors, regardless of the class 
of motor or the type of winding, the rules are 
such that all odd subscript numbers are in one 
phase and all even subscript numbers are in the 
other phase. The markings of all motors except 
those for two-speed motors using a single recon-
nectible winding are based, as are the rules for 
three-phase windings, on a clockwise spiral system 
of rotation in the sequence of terminal numbering. 

3.715 Class 1. Three-Phase Induction 
Motors 

First—A schematic vector diagram should be 
drawn showing an inverted Y connection with 
the individual circuits in each phase arranged for 
series connection with correct polarity relation 
of circuits. The diagram for two circuits per 
phase, for example, is as shown in Fig. 1. 
Second—Starting with T1 at the outside and 

top of the diagram, the ends of the circuits are 
numbered consecutively in a clockwise direction 
proceeding on a spiral towards the center of the 
diagram. For two circuits per phase, for example, 
the terminals are marked as shown in Fig. 2. 

Fig. 1. Diagram for two circuits per phase 

Fig. 2. Terminal markings for two circuits per phase 
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Third—A schematic vector diagram is now 
drawn showing the particular interconnection of 
circuits for the motor under consideration and 
the terminal markings as determined from the 
preceding paragraphs are arranged to give the 
correct polarity relation of circuits. If the wind-
ing in Fig. 2 is to be connected with two circuits 
in multiple per phase, the diagram and markings 
are shown in Fig. 3. 

71. 

T41 

77 

TIO 

7;2 

79e//7.6 
Ti 

T3 T8 
Fig. 3. Terminal markings for two circuits in multiple 

per phase 

Fourth—The highest numbers are dropped 
and only the lowest number is retained where 
two or more terminals are permanently connected 
together. If the winding in Fig. 3 is to have 
the two circuits in each phase permanently con-
nected together with three line leads and three 
neutral leads brought out, the terminal markings 
are as shown in Fig. 4. 

T2 

Fig. 4. Terminal markings for two circuits in multiple 
per phase, permanently connected 

If the winding in Fig. 2 is to be arranged for 
either a series or a multiple connection with the 
neutral point brought out, the vector diagram 
and terminal markings become as shown in 
Fig. 5. 

T1 T7 

Ta 

Fig. 5. Terminal markings with neutral point 
brought out 

Fifth—Where the ends of three coils are con-
nected together to form a permanent neutral, the 
terminal markings of the three leads so con-
nected should be dropped. If the neutral point is 
brought out it should always be marked To. 
(See Fig. 5.) 

NOTE I—The above rules can be applied to determine the terminal 
markings of any three-phase induction motor stator having only one 
synchronous speed regardless of how many circuits per phase there 
may be or how they are connected and they determine definitely 
which circuits belong in the same phase and also the polarity of 
the circuits. 

NOTE II—Delta-connected windings. If a winding is to be delta-
connected, rotate the inverted Y diagram (Fig. I) 30 degree. counter. 
clockwise. Assign Ti to the outer end of the top leg and proceed 
with the numbering as instructed in part 2 and Fig. 2. Then construct 
a schematic delta in which the Ti leg of the rotated Y becomes the 
right hand side of the delta, the T2 leg becomes the bottom 
(horizontal) side and tbe Ts leg becomes the left aide of the delta. 
Apply parts 3, 4 and 5 as far as they are applicable to a delta 
connection. See Fig. 6 below. 

,04 

Fig. 6. 

NOTE Ill—The following illustrates the application of the foregoing 
¡standards in determining terminal markings of Y and delta-con-
nected dual-voltage motors with nine leads brought out. 

T9 

T3 

Fig. 7. Y-connection 

Voltage Li L3 1.3 Tie Together 

LOW Ti T3 T3 Ti, T7 
T2, Te, 

T,, Tb, Te 1 T3, To 

High T1 TI T3 Te, T7 Te, Te To, To 
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T3 

Ts 

T. Ty 

Te. T3 T2 

Fig. 8. Delta connection 

Voltage Li L2 L3 
Low 
High 

te Together 
T1 Ty T3 T1, Tg, I Ty. T4, T. I T3, T., T. 

Ti Ty T3 T., T7 I Ty, T. Tg, Tg 

3.720 Class 2. Three-Phase Induction 
Motors 

These windings do not lend themselves readily 
to the use of a written rule for determining the 
terminal markings on account of the desirability 
of having part of the terminals follow a clock-
wise rotation and part a counter-clockwise rota-
tion in order to get the same direction of rotation 
for both speeds when the line leads are con-
nected to each set of terminals in the same se-
quence. Fur this reason it has been felt best to 
show each schematic diagram with its terminal 
markings, rather than attempt to formulate a 
complicated written rule, and as there are very 
few types of reconnectible windings, this becomes 

Fig. 2. 

feasible. The rule for Class 2 motors then be-
comes: 

First—For Class 2 motors the terminal mark-
ings shown in Figs. 1, 2, 3, 4, and 5 should be 
used. (Other winding diagrams to be added if 
and when necessary.) 
Second—If neutral lead is brought out it 

should be marked To. 

NOTE—Tt. Ts and u 3 are clockwise in all can and are always 
the line terminals for low speed. 

Fig. 1. 
Variable Torque Motors 

Speed L g L2 L3 Open 
Tie 
Together 

I.ow Ti T2 Ts T4, Ts, Tg 

High T. T. T. - T1, Tg, Tg 

Fig. 3. 

Constant Torque Motors 

Speed 1.1 1.2 14 Open 
Tie 
Together 

Low T T2 Tg Tb, Tb, Tg — 

High 'r. I. Tb — 

T4 

Speed 1.1 1.3 1.3 Open 
Tie 
Together 

Low 'I'I 

High T4 T4 Tb -- 

T„ T3, 
T3, 1.7 
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Constant Horsepower Motors 

Speed LI L2  

T2 

LI Open 
Tie 
Together 

Low T 1 T3 
T4, Ts, TO, 
T7 

High To T4 T6, T7 T1, 1-2, T, — 

3.725 Class 3. Three-Phase Induction 
Moturs 

1. If each independent winding gives only one 
synchronous speed, the winding giving the low-
est speed shall take the same terminal markings 
as determined from 3.715 for Class 1 motors 
for the particular winding used. The terminal 

14 

73 

Fig. S. 

T6 

Speed L i L2 13 Open 
Tie 
Together 

Low T1 T2 T3 14, 1.4, Ts3 
High T4 T4 T4 T 1, Ti, T3 — 

markings for the higher speed windings shall be 
obtained by adding 10, 20, or 30, etc., to the 
erminal markings as determined by 3.715 for 
Class 1 motors for the particular winding used, 
the sequences being determined by progressing 
each time to the next higher speed. The terminal 
markings for a three-speed motor using three 
windings are given in Fig. 1 below. 

13 

Fig. 1. Three-speed motor using three windings 

Speed LI 1.4 Li Open 
Tie To-
gether 

Low T1 T2 T3 T21, T22, T23 

2nd TII TI2 T I3, TIT 
T 1, 1'2, 1'3, 
T2I, T22, T23 

High T21 Tft Ttj 
Ts, T2, T3, 
T11, T13, Tu. T 17 

liz 
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2. If each independent winding is reconnecti-
ble to give two synchronous speeds: 

First—Vector diagrams of the windings to be 
used are drawn and each winding is given the 
terminal markings shown in 3.720 for Class 2 
motors. 

Second—No further change is made in any of 
the terminal markings of the winding giving the 

T5 

74 

lowest speed, irrespective of whether the other 
speed obtained from this winding is an inter-
mediate or the highest speed. 
Third—Ten is added to all terminal markings 

of the winding giving the next higher speed, and 
an additional 10 is added to all the terminal 
markings for each consecutively higher speed 
winding. The terminal markings for a four-speed 
motor using two windings are given in Fig. 2. 

Low Speed and 3rd 2nd Speed and High 

Fig. 2. Four-speed motor using two windings 

Speed L1 L2 1.3 Open 
Tie 
Together 

Low Ti 1.2 1.3 1.4, T2, T. 
2nd Ti, Ti2 Ti2 

"iY 
T14, T15, Tie — 

3rd T6 T4 Ti, T2, T3 
High 1.16 1.14 T. — Tii, T12, T12 

3. If two or more types of independent wind-
ings are used, part of which give only one syn-
chronous speed and the rest give two synchronous 
speeds by reconntction: 

First—Each winding is given the markings as 
determined from 3.715 for Class 1 and 3.720 
for Class 2 motors as the case may be. 

Second—No further change is made in any of 
the terminal markings of the winding giving the 
lowest speed. 

Third—Ten is added to all terminal markings 
of the winding giving the next higher speed and 
an additional 10 is added to all the terminal 

markings of each consecutively higher speed wind-
ing. The terminal markings for a three-speed 
motor using two windings are given in Fig. 3. 
NOTE 1 -If. under any of the sections of the rule for Claws 3 
motor., the addition of 10, 20. 30, etc., to the basic terminal 
markings causes a duplication of markings due to more than 9 leads 
being brought out on any one winding, then 20, 40, 60, etc., ahould 
be added instead of 10. 20, 30, etc., to obta in the marking. for the 
higher speeds. 

NOTE 11—The illusdrative figures under Class 3 motors apply when 
all leads are brought out on the same end of the motor. When one 
or more of the windings have leads brought out on one end of the 
motor and part on the other end, the rotation of the terminal 
markings for leads brought out on one end may be shown on the 
diagram as shown on the illustrative figures and the terminal mark• 
ings for those brought out on the opposite end may be shown re. 
versed in rotation. When diagrams use this reversed rotation of 
markings, an explanatory note should be included for the benefit of 
the control manufacturer who will then understand that when Li, Ls, 
anti L3 are connected to any winding with the same sequence of 
subscript numbers (Ti, Ta. Ta or Ts, Ts, Te or Ti,. Tan. 
Ti,. etc.). the shaft rotation will be the same. 
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T13 
Low Speed and 2nd High Speed 

Fig. 3. A three-speed motor using two windings 

Speed LI 1,2 L2 Open 
Tie 
Together 

Low T1 Ts T3, T7 Ts, TS, Tli — 

2nd Ts Ts T2 
T1, T2, 
T3, T7 

High TH T12 T13 

3.730 Class 4. Two-Phase Induction Motors 

First—A schematic vector diagram should be 
drawn showing a + connection with the indi-
vidual circuits in each phase arranged for series 
connection with correct polarity relation of cir-
cuits. The diagram for three circuits per phase, 
for example, is as shown in Fig. 1. 

Second—Starting with T1 at the outside and 
top of the diagram, the ends uf the circuits are 
numbered consecutively in a clockwise direction 
proceeding on a spiral towards the center of the 
diagram. For three circuits per phase, for ex-
ample, the terminals are marked as in Fig. 2. 

Third—A schematic vector diagram is now 
drawn showing the particular interconnection of 
circuits for the motor under consideration and the 

Fig. I. Diagram for three circuits per phase 

TI2 

terminal markings as determined from the pre-
ceding paragraphs are arranged to give correct 
polarity relation of circuits. If the winding in 
Fig. 2 is to be connected with three circuits in 
multiple per phase, the diagram and markings 
are shown in Fig. 3. 

Fourth—The highest numbers are dropped 
and only the lowest number is retained where 
two or more terminals are permanently con-
nected together. If the winding in Fig. 3 is to 
have the three circuits in each phase permanently 
connected together with a single line lead brought 
out from each end of each phase, the terminal 
markings are as shown in Fig. 4. 

Ts 

Fig. 2. Terminal markings for three circuits per phase 
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Ti 

T4 

Ti T7 T3 

Ty TI T11 

Fig. 3. Terminal markings for three circuits per phase 

—all circuit leads brought out 

Fifth—If a two-phase three-wire power sup-
ply is used, connect Ta and Ta together and 
retain only the Ta marking for the common 
wire. 

Sixth—If the two phases are to be intercon-
nected at the mid-point to connect to a two-
phase five-wire system, the mid-point terminal 
will be marked To. 

NOTE—The above rules can be applied to determine the terminal 
marking of any two-phase induction motor stator having only one 
synchronous speed regardless of how many circuits per phase there 
may be or how they are connected and they determine definitely 
which circuits belong in the same phase and also the polarity of 
the circuits. 

T3 

Ti T5 

T4-

13 

Ta 

Ta 

Fig. 5. Two-speed, two-phase variable torque 

Speed  I.,  I  1[4i 
T, 
T1, "F4 

T, 
High T, 

L4 Open 
T. T3, T. 
14 

Fig. 5 shows terminal markings for Class 5 mo-
tors. Other diagrams to be added if and when 
necessary. 

:1.740 Class 6. Two-Phase Induction 
Motors 

I. 1 f each independent winding gives only one 
synchronous speed, the winding giving the low-
est speed shall take the same terminal markings 
as determined from 3.730 for Class 4 motors 
for the particular winding used. The terminal 
markings for the higher speed windings shall be 

-r2 obtained by adding 10, 20, or 30, etc., to the 
terminal markings as determined by 3.730 for 
Class 4 motors for the particular winding used, 
the sequences being determined by progressing 
each time to the next higher speed. The terminal 
markings for a two-speed motor using two single-
speed windings are given in Fig. 6. 

Fig. 4. Terminal markings for three circuits per phase 

connected in parallel inside the motor 

3.735 Class 5. Two-Phase Induction 
Motors 

These windings do not readily lend themselves 
to the use of a written rule for determining their 
terminal markings. For this reason it seemed 
best to show each schematic diagram with its 
terminal markings. Since there are very few 
types of reconnectible windings, this becomes 
feasible. 

2. If each independent winding is reconnecti-
ble to give two synchronous speeds: 

First—Vector diagrams of the windings to be 
used are drawn and each winding is given the 
terminal markings shown in 3.735 for Class 5 
motors. 

Second—No further change is made in any of 
the terminal markings of the winding giving the 
lowest speed, irrespective of whether the other 
speed obtained from this winding is an inter-
mediate or the highest speed. 
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Third—Ten is added to terminal markings of 
the winding giving the next higher speed and an 
additional 10 is added to all the terminal mark-
ings for each consecutively higher speed winding. 
The terminal markings for a four-speed motor 
using two windings are given in Fig. 7. 

3. If two or more types of independent wind-
ings are úsed, part of which give only one syn-
chronous speed and the rest give two synchronous 
speeds by reconnection: 

First—Each winding is given the markings as 
determined from 3.730 for Class 4 motors and 
3.735 for Class 5 motors as the case may be. 

T4 

Ta 

T3 

w -speed 

T3 

113 

Low and 3rd speed 

Ti 

13 

Low-speed 

T2 

T6 

T2 

Second—No change is made in any of the 
terminal markings of the winding giving the low-
est speed. 
Third—Ten is added to all terminal markings 

of the winding giving the next higher speed and 
an additional 10 is added to all the terminal 
markings of each consecutively higher speed 
winding. The terminal markings for a three-
speed motor using two windings are shown in 
Fig. 8. 
NOTE-1f, under any of the sections of the rule for Class 6 
motors, the addition of 10. 20, 30, etc.. to the basic terminal 
markings causes a duplication of markings due to more than nine 
leads being brought out on any one winding, then 20. 40, 60. etc., 
should be added instead of 10. 20. 30 to obtain the markings for 
the higher speed.. 

Fig. 6. 

Fig. 7. 

Fig. 8. 

-64  

T, 

114 

Th 

T13 

High-speed 

T, Tts 

T13 

2nd and high-speed 

T1, T,5 

1, 3 

2nd and high-speed 

Tit 

T12 

T16 

112 

T16 
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AsSUME CURRENT 
FLOWING CLOCK-
WISE TO SET UP 
A SOUTH POLE, AND 

CURRENT FLOWING 
COUNTER -CLOCKWISE 

TO SET UP A NORTH 
POLE 
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 1ST. POLE.   
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TWO PHASE., LAP WINDING 

POLES = 4 , PHASE = , 

FULL PITCH COIL SPAN = 1-7 , 

2ND. POLE 

A 

3RD. POLE   

A 

, FULL PITCH , SLOTS 24 

COILS PER GROUP = 3 

ELECT. DE.GRF_ES PLR SLOT = 30 

4 TH. POLE   

A 



POLES = 4 5 PHASE = 3 , COILS PER GROUP --= 2 

FULL PITCH COIL SPAH= ELECT. DEGREES PER SLOT = 30 
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PRINCIPLES OF CONSEOENT POLE WINDINGS FOR 3 PHASE INDUCTION MOTORS. 

-9 4-- -4 4-

\ 

-1') Pir rr .;,;(( rr 
Jid.i)( )-)I ( I) 

a» 
F 

Slcts = 24, Poles = 4, Fractional Pitch Coil Span 1 to 5. 
"A" Phase only of a 3 phase winding illustrating common method of short jumpers. 
(Top to Top, Bottom to Bottom) Trace the circuit and mark the polarities in the 
proper position. This type of jumper connection is not suitable for consequent 
pole windings. 

4— -4 IF--

\ 

I 1 1 
1 
I : I I I i I I 1 i e 

  f5 ,/ 

lee i' ,/ 

ilr 

"A" Phase only of 3 phase winding illustrating long jumper method of connection. 
(Top to Bottom, Bottom. to Top) Trace the circuit for 4 poles disregarding the 
center tap, and mark the polarities in the proper position. Note that the poles 
are established in the same position as for the common method of connection. 

4- 4- 4-

Same connection as shown above. Trace the circuit from the center tap. This 
?laces the 2 sections of the phase winding in parallel, reversing the current in 
t of the coil groups, producing 4 regular & 4 consequent poles. Note that phase 
rotation is reversed and it will be necessary to reverse 2 leads on this connec-
tion to obtain the same rotor rotation. 
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SIMPLE DIAGRAM, 4-8 POLE, 3 PHASE CONSEQUENT POLE STATOR WINDING. 

ABC 
VARIABLE TORQUE, CONSTANT HORSEPOWER. 
3 PHASE, LAP WINDING, SLOTS = 24. 
POLES = 4-8, COILS PER GROUP = 2. 
FRACTIONAL PITCH COIL SPAN = I TO 5. 
COIL PITCH = 66.6% OF FULL PITCH. 
ELECTRICAL DEGREES PER SLOT = 30-60. 
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COMPARISON OF LAP AND WAVE WINDINGS. 

• 

7 

/ / 

/ / 
/ / 
/ / 
/ 

13 19 20 

/ / 

'f ' ______f 

/ / 
/ / 
/ / 
/ 

A LAP WINDING is one in which the coils of each pole phase group are connected 
directly in series with each other or forward and back on itself. Lap windings 
are generally used on A.C. machines because they are more readily adaptable to 
stators with various numbers of slots. 

8 

7 

A WAVE WINDING is one in which correspondingly placed coils under adjacent poles 
are connected in series so that the circuit proceeds from pole to pole one or 
more times around the stator core, and not forward and back upon itself as on a 
lap winding. On a wave winding, the circuit re-enters the first coil group after 
it has passed thru at least one other coil group of the winding. The total number 
of these circuits must be a multiple of the number of phases and is ordinarily two 
times the number of phases. Wave windings in large machines are always of strap 
or bar copper coils with two layers. Principal use is for wound rotors of large 
slip ring motors because such windings have greater mechanical strength at end 
connections when made of bar or strap copper. WAVE WINDINGS in stators of induc-
tion motors must be electrically balanced, ie., eacn phase must contain the same 
number of coils or turns. The number of active slots in each phase and section 
must be a multiple of poles times phases. For 4 pole, 3-phase, slots would have 
to be 12-24-36-48-60-72, etc. 

1 
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THREE PHASE WAVE WINDING. 

A B C 

PHASES CONNECTED STAR. 

THREE PHASE, WAVE WINDING. 

SLOTS = 24, POLES = 4. 

FULL PITCH COIL SPAN 1:7. 

COILS PER POLE PHASE GROUP = 2. 

ELECTRICAL DEGREES PER SLOT 30. 



T2 

T3 

•••••• 

Ts 

Te 

T9 

Connection Diagram 

6 Pole-3 Phase-2 Circuit Star or 
1 Circuit Star 

Internal connections and method 
of connecting and bringing out 
of external leads. 

This diagram can be used for con-
necting a stator of any number 
of slots, as Gl,G2, etc., 
represent any number of 
coils in series, per pole, per 
phase. 

B designates the beginning or 
bottom lead of coil or group of 
coils connected in series. 

E designates the end or top 
lead of coil or group of coils 
connected in series. 
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LA 421 -Z "4-pole, 2-phase, 1 or 2 circuits" 
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"4-pole, 3-phase,1 or 2 circuit, star" 
T4,..1. diagram cae 4be i.e.sede Ter 

conaechey a .5 /a tor o f aey 

esinr.6cr of skis as 64 

repres 0/7 / ee  

ee cm> eemefer of 

Cl /5 ie series 

per pe/e 

per "Agee. 

bc 5 5t - •2  
Ne Caut Pre4. N9-

WINDING & LAYOUT FAG. 

e 

1....431-2Y 

€e-PP 
220 YOCT5 CONNECTION 

DR 

ce. a'2 4/ 
3e/d•eese 

4 43/-2r O,-

440 vet rs COFINfcrfcve 



"6-pole, 3-phase, 3 circuit star" 

THIS DIAGRAM CAN BE USED FOR CONNECTING 
A STATOR OF ANY NUMBER OF SLOTS, A5 
GI. &2 REPRFSENT ANy NUmBFR oF COILS 
IN SERIES PER POLE PER PHASE. 

T9 

Te3 

e , ' 
/ 1 

/ \ I 
/ \ \ 

/ \ 
\ 

/ \ 
/ \ 

s 

• 
/ 

TG 

— 

T7 

T2 

TI 

T5 

„.. 

\ \ 
• 
• SS  

.)w ‘̀ 

\ \ T4 
\ \ 

\ 
\ 

I T3 

_3 PHASE - 240 VOLTS 

TO LINE 
IRHASE 120 VoL1-3PHA5E 2n8V 

ti;44A5E 2 o VOLT 

TO LINE 
ipe-c.1/45E teo ¿arc VOLTS 

Geo. 23•7= CH 5Y 
DATE 

A633 Y 

M
O
T
O
R
S
 -
 P
O
L
Y
P
H
A
S
E
 
-
 W
I
N
D
I
N
G
 D
I
A
G
R
A
M
S
 



LN633Y 
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"6-pole, 3-phase,3-circuit star, with neutral lead" 

THIS DIAGF?AM CAN BE USED 
FOR CONNECTINC A STATOR 
OF ANY NUMBER OF SLOTS AS 
GI, G 2,ETC. REPRESENT ANY 
NUMBER CF COILS IN 
SERIES PER POLE 
PER PHASE. 
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"8-pole, 3-phase, 1 or 2 circuit, star" 
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"34-pole, 3-phase, 2 circuit star, with 24 balancing connections" 
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"36-pole, 3-phase, 2 circuit, star" 
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"36 poles, 3-phase, 243 coils" 
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"Winding No. 1. 6-pole, 3-phase, 1 circuit delta 
12-pole, 3-phase, 2 circuit star" 
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"Winding No. 2 8-pole, 3-phase, 1 circuit delta 
16-pole, 3-phase, 2 circuit star" 

These diagrams can be used for con-
necting a Stator of any number of 

slots as &I, Gz, etc., represent any 
number of coils in series per pole 
per phase. 
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CT, "External lead connection for Diagram A1570" 155858-3 
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T6 

15 

14 

CT3 
BT2 AT 1 

4 POLE 3 PHASE 
3 COILS PER GROUP 

STATOR CONNECTION DIAGRAM 

THREE PHASE WINDING AND 
CONNECTION DATA 
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REYNOLDS ELECTRIC CO. , 
TIC 3 PHASE 4POLE SERIES-
STAR CONN. O/RGRAM 

.-

DRAvVINC NO 2257 
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"Phase wound rotor connection diagram. 
12 poles, 3-phase, 1 circuit star" 

1-HIS DIAG.RAM CAN BE USED FOR CONNECTING, 
A RoToR OF ANY NUMBER OF SLOTS FOR 

ETC., FEPRESENT ANY NUMBER OF COILS 
IN 5ERI 5 PER POLE PER PHASE. 

CONNECTION DIAGRAM 

U512.31Y 
15n BY- .. 
at DV:- áe,.   

DAre:-



"Rotor connection diagram (wave winding) 
18 poles, 3-phase, 162 slots. 
Throw - 1 - 10 - 19 - etc." 
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302 MOTORS - POLYPHASE - SLIP RING 

30 LINE 

SLIP RING INDUCTION MOTOR 
HOLENN4 NI/16NET 

ANOneVecLESESCLEAU 

MAIN coorrActs. ) 
/ STICK cowreers. 

CUTLER NAMMCM 
AOWIT&S-TEM - LINE 
STARTER. 
1120 E. 40~ ..11.H. P. 

Diagrams A and B are used to show that an increase in rotor 
resistance causes the rotor poles to move into a more favorable 
position with respect to the stator poles thereby increasing 
the starting torque. If the rotor resistance is increased 
above a certain critical value, the torque will be reduced as 
indicated by the curves in the diagram below. 

The slip ring induction motor operates on the same principle 
as the squirrel cage type, the revolving magnetic field set up 
by the stator winding reacting with the induced rotor poles to 
produce rotation. Insertion of resistance in the rotor circuit 
produces the following advantages: 1. High starting torque 2. 
Low starting current 3. Smooth starting action 4. Adjustable 
speed. 

CHARACTERISTICS 
The average slip ring motor will produce 3 times normal 
full load torque with 2.5 times normal full load current. 

With all the external resistance cut out, the variation 
in speed from no load to full load will not exceed 5% of 
the full load speed. As resistance is inserted, the speed 
regulation becomes rapidly poorer 

APPLICATION 
Air compressors, large ventilating fans, conveyors, punch 
presses, printing presses, lathes, elevators, etc. may be 
used wherever a high starting torque, a smooth starting 
action, or adjustable speed is desired. 

PRINCIPAL TROUBLES 
Sliprings, brushes, brush holders, external rotor resist— 
ance, loose connections, bearings, insulation. 
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MOTORS - SYNCHRONOUS 303 

Synchronous 
Motors 

How They Operate 

Fig. 2 shows the rotor and stator 
assembly of a synchronous motor. When 
the stator winding is connected to a 
polyphase alteinating-current source, it 
produces a rotating magnetic field as in 
an induction motor. When the rotor field 
coils are connected to direct current, 
their N and S field poles lock into step 
with S and N poles of the rotating mag-
netic field and both rotate at the same 
speed or in synchronism. This speed is 
fixed by line frequency and number of 
rotor poles. 

Synchronous motors are designed for 
two standard full-load power factors: 
unity and 80% leading. Unity-power-
factor motors, at full load and normal 
field current, have 100% power factor. 
At less than full load, their power factor 
is less than unity leading, but can be 
regulated by adjusting the field current. 
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Fig. 1—Synchronous-motor rotor. Fig. 2—Diagram of synchronous-motor stator 
and rotor assembly. Fig. 3—Diagram of synchronous-motor connections for full-
voltage starting. Fig. 4—Diagram of connections for reduced-voltage starting. 
Fig. 5—Diagrams of stator and rotor connections for self-synchronizing motor 
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ALTERNATING CURRENT DEPARTMENT 

THE SYNCHRONOUS MOTOR 

THE SYNCHRONOUS MOTOR is so named becuase the ROTOR revolves at the same speed 
s the REVOLVING MAGNETIC FIELD of the stator. 

THREE WINDINGS ARE USED in this machine: 
1. THE A.C. STATOR or armature winding, which prcduces a revolving magnetic field 

when polyphase A.C. is applied to it. 
2. THE D.C. FIELD or rotor winding, which produces a fixed polarity. This winding 

must be excited from an outside source of D.C. 
3. THE DAMPER or squirrel cage winding which consists of a few large copper bars 

imbedded in the D.C. field pole faces and shorted together by end rings. This 
winding serves 2 purposes: (a) It permits the motor to start as an induction 
tends to prevent hunting. 
HUNTING is a periodical variation in the speed of the rotor with regard to 

the revolving magnetic field of the stator. It is caused by: (a) a sudden change 
in mechanical load. (b) a sudden change in A.C. line voltage. (e) a sudden change 
in D.C. field excitation. (d) hunting on the same system of other rotating elec-
trical equipment. 

THE FIELD DISCHARGE SWITCH and the field discharge resistor are arranged to 
protect the D.C. field from high transformer voltages induced by the stator field 
during the starting period, and also from high self-induced voltages generated by 
collapsing D.C. field flux when the field is disconnected from the source of ex-
citation. The discharge resistor and switch form a closed circuit on the field 
when the switch is placed in the discharge position, and this greatly reduces the 
danger to the field insulation. 

ADVANTAGES OF THE SYNCHRONOUS MOTOR: 1. Constant speed. 2. Variable power 
factor. The power factor may be varied by controlling the excitation current of 
of D.C. field. The P.F. iifl be UNITY of 100% at NORMAL excitation, LAGGING at 
UNDER excitation, LEADING at OVER excitation. 

THE MOTOR WILL CORRECT POWER FACTOR because when the D.C. field is over ex-
cited the A.C. stator will draw a LEADING current which will neutralize a LAGGING 
current drawn by inductive apparatus connected to the same system. It will carry 
a mechanical load and correct P.F. of the system at the same time providing the 
full load current rating of the machine is not exceeded. 

DISADVANTAGES OF SYNCHRONOUS MOTOR: Greater cost per H.P., low starting 
torque, subject to hunting, requires outside source of excitation, more auxiliary 
apparatus for control and indication, more intelligent handling, and may require 
some form of clutch to connect the load to it. 

APPLICATIONS: Driving compressors for air conditioning and refrigeration, 
also for compressed air. Driving textile mill Looms, cement grinding and rubber 
processing machines, paper pulp grinders, also M.G. sets, frequency changers, or 
in general any load of 25 H.P. or more not requiring heavy starting torque and 
which may be operated at a constant speed. 

ROTATION may be reversed by changing any 2 of the 3 stator leads. The D.C. 
field polarity does not determine the direction of rotation. 

PROCEDURE FOR STARTING THE MOTOR: 
1. Reduce the exciter voltage to a minimum. (Turn field rheostat to right) 
2. Place the field discharge switch in the discharge position. 
3. Apply low voltage A.C. to the stator and allow motor to accelerate to almost 

full speed. (Watch AM. to note when starting current is reduced to a minimum. 
4. Close the D.C. field switch to apply excitation current to the field. 
5. Apply full voltage to the stator winding. 
6. Adjust D.C. field excitation to obtain desired power factor. 

PROCEDURE FOR STOPPING THE MOTOR: Remove the mechanical load if possible, 
then reduce field excitation and finally disconnect the stator from the A.C. supply. 
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SMALL SYNCHRONOUS MOTORS. 

R-

120 E - F1C 12.0E- if 

C - 

120 E-

(A) Due to their constant speed characteristics, small synchronous motors are 
widely used in stroboscopes, mechanical rectifiers, electric clocks, recording de-
vices, timing relays, demand meters, etc. These small motors operate similarly to 
the large power typs except that the small units are not separately excited, the 
poles on the rotor being produced by magnetic induction from the stator. Turning 
at synchronous speed, the rotor is polarized and is in the position shown when the 
stator current is maximum. As the current diminishes, momentum carries the rotor 
to the vertical position just as the main poles reverse and, as the hard steel 
rotor still retains its poles, it is again attracted to the horizontal position 
and rotation continues. Shading coils are employed to make the unit self starting. 
Speed is determined by frequency; if frequency is constant, speed will not vary. 

(B) SYBSYNCHRONOUS CLOCK MOTOR - Consists of a 2 pole stator and an iron rotor 
with 16 or more salient poles. The motor is not self starting, but when operating 
at synchronous speed, 2 diametrically opposite poles are attracted to the field 
poles as the flux of the field is increasing. Because of the inertia of the rotor, 
it continues to rotate while the flux is decreasing and passing through zero. The 
next pair of poles is then attracted by the field flux as it increases in the oppo-
site direction. Although the stator has only 2 poles, the speed of the motor is 
the same as that of a motor having the same numoer of stator and rotor poles. EX-
AMPLE - At 60 cycles the speed is 450 R.P.M., corresponding to the 16 rotor poles. 
Because the rotor speed is much less than that corresponding to the 2 stator poles, 
the motor is said to operate at SUBSYNCHRONOUS speed. 

(C) SELF-STARTING INDUCTION-REACTION SIBSYNCHRONOUS MOTOR - This motor is a 2 pole, 
single phase, combination induction and synchronous motor with a shaded pole field • 
and a squirrel cage rotor. In this particular motor there are 6 rotor slots, so I 
proportioned that they produce 6 salient poles on the rotor which give the syn-
chronous (or reaction) motor effect. AT STARTING; the induction motor torque must 
be sufficient to overcome the tendency of the salient poles of the rotor to lock 
in with the stator poles, The motor operates as any induction motor, the rotor 
tending to accelerate to nearly synchronous speed. EXAMPLE - At 60 cycles, the 
induction motor torque tends to accelerate the rotor nearly to the 2 pole synchro-
nous speed of 3600 R.P.M. The motor is so proportioned that at 1200 R.P.M., the 
6 pole synchronous speed, the reaction torque due to the pulsating stator pole 
flux reacting with the 6 rotor poles, predominates over the induction motor torque 
developed at that speed. The rotor, therefore, locks in with the stator poles and 
runs synchronously at 1200 R.P.M. At its operating sybsynchronous speed, the 
motor developes simultaneously induction motor and synchronous motor torque. This 
type is used chiefly with timing devices. 
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geich4ffload, MOTORS 
for Alternating Current Only 

APPLICATION AND PERFORMANCE DATA 

Application—Synchronous motors are generally em-
ployed for driving apparatus whose speed must be 
accurately maintained. They are used in large clocks, 
X-ray timers, recording instruments, and sound cameras 
and projectors. Bodine synchronous induction motors 
are regularly furnished with ratings from 1,12000 to 
1/8 horsepower for single-phase or polyphase opera-
tion, at 1800 rpm, and 60 cycles. 

Fig. I—The Type NSY-34, one of a number of 
different sizes of small synchronous motors built 

By Bodine. 

Characteristics—A typical set of synchronous motor 
performance curves is shown in Fig. 2. The predom-
inant characteristic of all synchronous motors is that 
they maintain an absolutely constant speed. This speed 
is determined by the frequency of the alternating cur-
rent to which they are connected. For 60-cycle current, 
the speed of four-pole motor is 1800 rpm. Synchronous 
speed will be maintained at all loads within the range 
of the motor, and will fall off only when a severe over-
load is applied or when the voltage drops appreciably 
below normal. 

Synchronous motors have a fairly good starting 
torque. This varies with the position of the rotor. For 
certain positions (corresponding in number to the num-
ber of poles) the motor will develop a very high 
torque. The rating of Bodine synchronous motors is 
based upon their minimum starting torque, in order to 
insure proper starting at rated loads. 

A synchronous motor performs as an induction 
motor in starting, but, as it nears synchronous speed, 

a critical point is reached where there is a sudden ac-
celeration and the motor pulls into step. The torque 
which the motor will accelerate into synchronism, is 
called the "pull into synchronism torque." A synchro-
nous motor may easily start a load which it cannot pull 
into synchronism, and the motor will operate as a 

pure induction motor with low efficiency, high slip, and 
a fair degree of noise. Care must therefore be taken 
in applying synchronous motors, to be certain that they 
will accelerate the load to synchronous speed under 
the most adverse load and voltage conditions. A motor 
which will easily pull into synchronism a load concen-
trated near its axis may not pull into synchronism a 
similar load having its weight some distance from the 
axis. In other words a heavy cylinder of small diam-
eter can be accelerated more easily than a thin disc of 
large diameter. 

Due to the magnetic relationships set up by the 
salient pole rotor, synchronous motors vibrate more 
than non-synchronous a-c motors. As the cause of this 
libration is electrical rather than mechanical, it is 
present even though the rotor is both statically and 
dynamically balanced. Bodine synchronous motors 
have been carefully designed to reduce vibration to a 
minimum, hut a small amount of vibration is inherent 
in the cynchronous motor and must be expected. 
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Three Types Bodine synchronous motors are avail-

able with three types of winding: split-phase, capacitor, 
and polyphase. The proper motor to use depends upon 

the particular application. 

The split-phase synchronous motor, because of its 
kw cost, high starting torque, and relatively high effi-
ciency, is most commonly used on single phase applica-

tions. It is provided with a main winding and a starting 
winding similar to that of the split-phase induction 

motor. A starting switch or cutout disconnects the 

starting winding from the line when the motor has 
approached synchronous speed. The rotor is similar 
to that of the induction motor but the iron core has 

been modified so as to provide salient poles. 

The capacitor synchronous motor is a single-phase 
induction motor without a starting switch or cutout, 

but it utilizes a capacitor unit to provide starting 
torque. The capacitor, which may be either rectangular 

or cylindrical in form, is considerably smaller than the 
motor, and is either mounted on the motor or at another 
point on the machine. As the capacitor motor has no 
centrifugal cutout, and its only moving part is the rotor 
core and shaft, it is extremely reliable and ideal for 

applications requiring frequent starting. Furthermore, 

like a non-synchronous capacitor motor, it is very quiet 
in operation and free from vibration. Hence, it is 
often specified in preference to the split-phase type of 
synchronous motor for applications in which vibration 

must be held to a minimum. However, as starting 

torque is sometimes less than full load torque, a careful 
check must be made to see that the motor will start 
the load. 

Three phase synchronous motors are usually pre-

ferred where three phase current supply is available 
as they have a higher starting torque and a lower 

  __>  

(a) SPLIT PHASE (c) THREE PHASE (h) 4 LEAD REVERSIBLE CAPACITOR 

starting current than single-phase synchronous motors. 

Furthermore, like the capacitor motors, the three phase 
synchronous motor requires no centrifugal cutout 

switch. Hence, where frequent starting is required, 
this motor is -preferred. 

Construction—Bodine synchronous motors are avail-

able in a wide variety of frame sizes, ranging from a 
small but sturdy little unit less than two and a half 

inches high, to one 5>¡ inches in diameter. All are 
built for continuous duty, for jobs where reliability 
is important. 

Careful design and long experience has enabled 
Bodine to build these synchronous motors compactly, 

securing maximum output for a given size. By special-
izing in small motors alone, Bodine Engineers are able 

to provide a wide choice of frames and exactly the 

electrical characteristic desired. 

Synchronous motors may be obtained with either 

sleeve or ball bearings. Speed reducers to make the 
drive simpler can be made an integral part of each 
frame. Many other modifications desired by the in-
dustrial designer can easily be provided to order. 

Like most alternating current motors, synchronous 
motors employ a squirrel carge rotor and a distributed 

stator. The split-phase start type is equipped with a 
cutout of the same construction used in split-phase in-
duction motors. In fact the principal difference between 
synchronous and induction motor construction lies in 

the salient pole rotor employed in the former. This 
rotor modification for the synchronous motors has 
already been described. 

Space limitations do not permit a more complete 

description here, but full details will be found in the 
Bulletins describing the construction of each frame type. 
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Fig. 3—Arrangement of windings on popular types of synchronous motors. 
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ÇIHOW THE E-M AUTOMATIC SYNCHRONIZER WORKS 
The laminated core of the Synchronizer (See Fig. 1, 

right) carries two voltage coils 4 and B. Coil A is connec-
ted to the incoming generator. Coil B is connected to the 
a-c bus which will ordinarily he alive, and the magnetic 
force due to the bus current in Coil B will keep the Arma-
ture of the Synchronizer closed, and the Synchronizer 
Contacts open, as shown in the figure. 

The incoming generator is brought up to speed. The 
incoming generator voltage builds tip, and coil A is thus 
also energized. The Automatic Synchronizer is so de-
signed that coil A operates in conjunction with coil B to 
keep the Synchronizer Contacts open until the conditions 
are right for synchronizing. 

The Automatic Synchronizer is operative in the gen-
erator speed zone between 97% and 103% of synchronous 
speed, or closer depending on the speed setting of the 
Synchronizer. As soon as the incoming generator reaches 
proper speed, the Armature of the Synchronizer will drop 
open to close the Synchronizer Contacts at the first coin-
cidence of similar phases between the incoming generator 
and the a-c bus, that is as soon as the incoming generator 
is "in step". The generator switch then closes connecting 
the generator to the bus, and it is ready to take load. 

A C BUS 

• Fig. I —Diagram showing construction and connec-
tions of the l- ti Automatic Synchronizer. 

çHOW THE E-M AUTOMATIC SYNCHRONIZER IS APPLIED 
• SWITCHBOARD-MOUNTED AUTOMATIC SYNCHRONIZER 

A-C BUS 

Auto, 

INCOMING CONTROL SWITCH FOR 
GENERATOR AUTOMATIC SYNCHRONIZER 

• Fig. 2—(Above) Connections for the E-M Automatic 
Synchronizer, and its Control Switch, for switchboard 
mounting are shown above. One Automatic Synchronizer 
and Control Switch are used for each generator. 

Letters on the Automatic Synchronizer are terminal 
markings. As will be seen, only three sets of leads are re-
quired: one set to the a-c bus, one set to the incoming gen-
erator, and a set to connect the closing magnet (or closing 
magnet control relay) of the generator switch to the source 
of control voltage. For voltages higher than 575 volts, poten-
tial transformers are required. (Detailed instructions and 
connection diagram are supplied with each Automatic 
Synchronizer.) 

• Fig. 3—(Left) E-M Auto-
matic Synchronizer for 
panel, or bracket mounting. 
Synchronizer is enclosed in 
a case, with terminal studs 
in rear. Overall size of case: 
width 8 in., height 5 in., 
depth 3A in. 

• AUTOMATIC SYNCHRONIZER for "PACKAGED" GENERATORS 

AUTOMATIC SYNCHRONIZER .) -Packaged-
lane !Joe 

CONTROL SWITCH 
FOR SYNCHRONIZER 

"PACKAGED"' GENERATOR 
A.0 Am* •. To 

II Load AC Voltmeer 

MAGNETICALLY• 
- OPERATED 
WALL-MOUNTED 
LINE SWITCH 

• Fig. 4—(Above) For use with E-M "Packaged" Genera-
tors, the Automatic Synchronizer and Control Switch (one 
each for each generator) are cabinet-mounted on top of the 
generator magnetic line switch. 
as shown above, and in Fig 5. 
right. This provides a compact, 
easily-installed, completely as-
sembled, ready-to-use. wall-
mounted arrangement. The Au-
tomatic Synchronizer and Con-
trol Switch are factory-wired to 
the generator switch. 

• Fig. 5—(Right) Magnetic, 
Motor-Line Starter Type Gener-
ator Switch (.4), Automatic .Syn-
chronizer (B), and Synchronizer 
Control Switch (C). .4 wall-
III01411 ted, completely assembled 
and wired combination for E-M 
"Packaged" Generator. Gener-
ator switch shown is for low volt-
age. For high voltage the switch 
is oil-break, floor-mounted type. 
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D.C.MOTORS AND GENERATORS. 

G 

OPERATION 
The D.C. motor operates on the first 
law of magnetism which states that 
like poles repel and unlike poles at-
tract. Current flowing through the 
field coils produces the field poles, 
and current through the armature coils 
develops armature poles midway between 
the field poles. Attraction and re-
pulsion between these two sets of 
poles produces rotation. Note that 
the armature poles remain stationary 
in space. 

ROTATION 
By reversing the direction of current 
flow through the fields or through 
the armature, the field poles or the 
armature poles will be reversed, and 
the direction of rotation changed. 
Compare A with B and G with D. 

ARMATURE POLES 
Diagrams E and F show a 4 pole motor. 
Note that the number of armature poles 

) 

always equals the number of field 
1 poles, and that the armature poles are 
, located midway between the field poles. 

,ji From the above it is obvious that a 2 7 pole armature will not work in a 4 
.. pole field. Note also that when the 

_L------ 1--, direction of current flow is reversed 
 ‘ 

all poles are reversed. 

GENERATORS 
Diagrams G and H show two generators, 
one arranged for clockwise and the 
other for counter clockwise rotation. 
Note that poles are set up on generator 
armatures also, but that in this case 
the poles oppose rotation. As more cur-
rent is drawn from the armature, these 
poles increase in strength; this ex-
plains why an electric generator is 
harder to drive as the armature cur-
rent increases. 

N±)  

D 

H 



MOTORS - DIRECT-CURRENT 311 

D.C.MOTORS AND GENERATORS. 

INTERPOLES 
To minimize sparking at the brushes, 
most D.C. motors are equipped with 
small poles placed midway between the 

main poles and called interpoles or 
commutating poles. For proper oper-
ation, these small poles must have 
the correct polarity. Reference to 
any of the diagrams will show that 
the polarity of the interpole is al-
ways the same as the armature pole 
ad-jade-a to it. 

REVERSING ROTATION 

The windings on the interpoles are 
always connected in series with the 
armature winding and are considered 
a part of the armature circuit. 
Therefore, when current through the 

armature is reversed, the interpole  
polarity is also reversed. This 
arrangement automatically preserves 
the proper relation between the arma-
ture poles and the interpoles when 
the armature current is reversed. 

NUMBER OF INTERPOLES 
Machines equipped with interpoles may 
have as many interpoles as main poles 

or one-half as many interpoles as 
main poles. As the interpole winding 
is always connected in series with 
the armature, the interpole strength 

will vary with the value of armature 
current. 

GENERATORS 
Diagrams G and E show two generators 
equipped with interpoles. G is ar-
ranged for clockwise rotation and H 
for counter clockwise rotation. Note 
that the rule for the polarity of in-
terpoles applies to generators as 
well as motors. Note too, that the 
armature poles oppose rotation and 
thus produce the force against which 

the prime mover must work to maintain 
rotation. 

D 
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D.C. MOTOR PRIMIPLES 
Electric motors are machines that change electrical energy into mechanical energy_ 
They are rated in horse power. (H.P.) 

The attraction and repulsion of the magnetic poles produced by sending current 
through the armature and field windings causes the armature to rotate. The arma-
ture rotating produces a twisting power called torque. 

Fleming's Left Hand Rule For Motors 

Place the thumb, first finger and remaining fingers at right angles to each other. 
Point the first finger in the direction of the field flux, renaming fingers in 
the direction of the armature current and the thumb will indicate the direction 
of rotation. 

The direction of rotation can be reversed on any D.C. motor by reversing either 
the armature or field leads but not both. It is standard practice to reverse 
the armature leads to reverse the direction of rotation. 

The amount of torque developed by a motor is proportional to the strength of the 
armature and field poles. Increasing the current in the armature or field wind-
ing will increase the torque of any motor. 

The armature conductors rotating through the field flux has a voltage generated 
in them that opposes the applied voltage. This opposing voltage is called counter 
electro motove force, (C E M F) and serves as a governor for the D.C. motor. After 
a motor attains normal speed the current through the armature will be governed by 
theCEMFgenerated in the armature winding. This value will always be in pro-
portion to the mechanical load on the motor. 

APPLIED VOI-TAbt C. 1. PA 

EFFECTIVE VOLTAsE 

ARMATURE CURRENT 
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D.C. MOTOR PRINCIPLES (ço—Nutte 

The applied voltage is the line voltage. The effective voltage is the voltage 
used to force the current through the resistance of the armature winding. This 
value can be determined by multiplying the resistance of the armature by the 
current flow through it. To find the resistance of the armature measure the 
voltage drop across the armature and the current flow through it and use ohm law 
formula. R equals E over I 
I I 

The lamps are used to limit the current through the armature winding. 

The revolutions per minute of a D.C. motor can be varied over a wide range. The 
maximum safe speed for the average D.C. machine is 6000 ft. per minute peripheral 
speed of the armature. D.C. motors can be designed to operate safely up to 
15,000 peripheral ft. per minute. Periphery means outer surface. 

2 ft. 
circumference 

46000  
3000 R.P.M. is the maximum safe speed for 

the average D.C. machine that has an armature 
that is 2 ft. in circumference 

The H.P. rating of a motor refers to the rate of doing work. The amount of H.P. 
output is proportional to the speed and torque developed by the motor. The Prony 
Brake Test is used to determine the H.P. output of a motor. 

PROM BRAKE FORMULA 

H. p. 27rXPXLXR.P.M. 
3 3,000 

2 Trequals 6.28 
Pull on the lever arm in lbs. 
Length of the lever arm in ft. 

R.P.M. equals Revolutions per minute. 
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SHUNT MOTOR 

A shunt motor is a motor that maintains nearly constant speed from no load to 
full load. The shunt field winding consists of many turns of small wire and is 
connected parallel with the armature winding or across the line. The diagrams 

below show the proper connection for the armature and field. 

0ETAL DIA GRAM 

C ONVENTioMIL 
3 KETC 

To reverse the direction of rotation re-
verse either the armature or field leads 
but not both. 

The characteristic curves below show that the torque developed by a shunt type 
motor varies with the armature current. This is true because the torque is pro-
portional to the armature and field flux. The field maintains constant strength 
because it is connected across the line and the armature flux will vary with the 
armature current. The torque of a shunt motor is considered to be fair in com-
parison to other D.C. motors. It will start about SO% overload before being 
damaged by excessive current. 

The shunt type motor maintains nearly constant speed from no load to full load 
because the shunt field strength is constant. The characteristic curve shows 
that the speed varies about 10% from no load to full load which gives this motor 

very good speed regulation. 

This motor is widely used where it is desired to control the speed above and 
below normal speed. A shunt field rheostat connected in series with the shunt 
field will cause the motor to increase in speed. A resistor connected in series 
with the armature will cause the motor to decrease in speed. 

Shunt motors sometimes have a few So —  1000 

turns of heavy wire wound on each 
45 — 900 

field pole and connected in series , 
with the armature. This winding pro- +0 — 600 

1... 
duces the same polarity as the shunt 4i è., 35 TOO 
field winding and produces a more 
stable operation when the motor is P 30 — 600 

2 
carrying a fluctuating load. 

44, 2 0 -- ce +oo 
For applications of the shunt motor 
see Motor Application Chart Number cy is -- soo e 
115. o 4. /0 — 200 

— /00 

CHARACTERISTIC CURVES 

.5 10 ;3 20 25 30 3.5 +0 +5 SO 
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SERIES MOTOR 

A motor that has its field and armature connected in series with each other is a 
series type motor. The field is constructed of a few turns of heavy wire or 
strap conductor. The field strength will vary with the armature current under 
normal conditions. 

DETeinEta DIAGRAM 

IL/ 
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The starting and stalling torque is excellent. It will start or carry very heavy 
overloads. The torque of a series motor varies with the square of the armature 
current. This is true because the 'field strength varies with the armature cur-
rent. Example - Doubling the armature current will likewise double the field 
strength and produce four times as much reaction between armature and field poles 
or produce four times as much torque. 

The speed regulation is very poor. The speed varies inversely with the load 
which means more load less speed and less load more speed. Care must be taken 
to see that there will always be sufficient load on the motor to keep the speed 
within safe limits. If the load drop to zero the motor probably would run fast 
enough to destroy itself. 

The series motor is limited in application 
because of its poor speed regulation. It 
is especially suitable for cranes, hoists, 
mine machines and electrical railway work. 
These loads can be handled more efficiently 
with a series motor because the speed will 
be slow if the load is heavy and a light 
load will be driven at a high speed. 

The speed of a series motor can be con-
trolled above normal speed by connecting a 
series field shunt parallel to the series 
field. The speed will vary inversely with 
the field strength. Controlling the speed 
above normal decreases the possible torque 
output but does not affect the H.P. output. 
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COMPOUND MOTOR CONNECTED CUMULATIVE 

COMPOUND MOTOR 

The field of a compound motor is made up of shunt and series coils placed on each 
field pole. The shunt winding is the main field winding. The series is the com-
pound winding and its strength varies with the load current. If the shunt and 
series coils produce the same polarity at each field pole the connection is known 

as CUMULATIVE COMPOUND. 

DETS1ILED DOI GR/1/%1 

The TORQUE is very good. It will 
nected compound motor produces 
as the series motor. 
The SPEED REGULATION is fair. 

full load. The per cent 
erned by the comparative 
The CUMULATIVE CONNECTED 
crushers, steel 

a 

CONVENTIONAL snErcw 

start to carry heavy overloads. The cumulative con-
better torque than the shunt motor but not as good 

The speed will vary from 15 to 25% from no load to 
variation in speed from no load to full load will be gov-
strength of the shunt and series field. 
COMPOUND MOTOR is suitable for jobs, such as, compressors, 

mill roll, etc. For a complete list of applications see chart #115. 

DIFFERENTIAL CONNECTED COMPOUND MOTOR 

If the polarity of the series field oppose the shunt field the connection is known 

as differential compound. 
The SPEED REGULATION of a differential connected compound motor is very good up to 

approximately 75% of full load rating. It is apt to slow down or stall if loaded 

beyond that point. 
The TORQUE is very poor. It is apt to start and then reverse its rotation when 

starting a load. 
There is very little use for the differential compound motor. 

TESTS TO USE TO DETERMINE CONNECTION 
MADE FOR COMPOUND MOTOR. 

1. Test the speed as connected. Reverse 
the series field leads and retest the 
speed. The connection producing the 

higher speed will be differential com-

pound. 
2. Operate the motor as a shunt motor. 
(series field disconnected) Observe the 
direction of rotation. Next operate the 
motor as a series motor. (shunt field 
disconnected) Again observe the direc-
tion of rotation. If each field connec-

tion produces the same direction of rota-
tion. If each field connection produces 
the same direction of rotation, reconnect 
the fields the same as when testing and 
the motor will be cumulative compound. 
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D.C.MOTOR Ei GENERATOR cossrmucrios 
D.C. power is widely used in the industrial field. This type of power must be 
used for telephones, field excitation, lifting magnets and electro plating work. 
The characteristics of D.C. Motors make them especially suitable for loads that 
are difficult to start, where the speed must be varied over a wide range, and 
where the load must be started and stopped often; such as, traction work, mill-
ing machines, mine work, lathes, pumps, steel mill work, printing presses, 
elevators, etc. 

Any D.C. machine may be used as a motor or generator. This construction infor-
mation applies to both machines. 

The frame is made of iron because it is used to 
complete the magnetic circuit for the field 
poles. Frames are made in three types; open, 
semi-enclosed and closed types. The open frame 
has the end plates or bells open so the air can 
freely circulate through the machine. The semi 
enclosed frame has a wire netting or small 
holes in the end bells so that air can enter 
but will prevent any foreign material entering 
the machine. The enclosed type frame has the 
end bells completely closed and the machine is 
air tight. Some machines are water tight which 
makes it possible to operate them under water. 
The closed type frame is used in cement plants, 
flour mills, etc. where the air is filled with 
dust particles that damage machine insulation. 

The field poles are made of iron, either in solid form or built of thin strips 
called laminations. The iron field poles support the field windings and com-
plete the magnetic circuit between the frame and armature core. 
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The bearings are the parts of the machine that 
fit around the armature shaft and support the 
weight of the armature. They are made in three 
general types; sleeve, roller, and ball bear-
ings. Bearings will be discussed in detail 
later in the course. 
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0.C. MOTOR 8 GENERATOR CONSTRUCT/ON ( N U ED) 

SRUSMI 
HOLDER 

COMUT ATOR 

514 

RUSH TEAS1014 
SPRING 

The brush holders support the brushes and hold them in 
the proper position on the commutator. The brushes 
should be spaced equi-distantly on the commutator when 
more than two sets of brushes are used. When only two 
sets are used they will be spaced the same distance as 
a pair of adjacent field poles. 
The brush tension spring applies enough pressure on the 
brush to make a good electrical connection between the 
commutator and brush. 

Brushes used on electrical machines are made of copper, graphite, carbon or a 
mixture of these materials. The purpose of the brushes is to complete the 
electrical connection between the line circuit and the armature winding. 

COMMUTATOR ISAR 

COMMUTATOR 

C 0 MP LET C. ARMATURE 

C ORE 

MMA 

INSULATION 

YEE R1116 

Se FT 

$14 Vr 

ARMATURE 
SLOTS 

ARMATURE 11•11NOIRE, 

Commutators are constructed by placing 
copper bars or segments in a cylindrical 
form around the shaft. The copper barà 
are insulated from each other and from the 
shaft by mica insulation. An insulating 
compound is used instead of mica on small 
commutators. The commutator bars are 
soldered to and complete the connection 
between the armature coils. 

The armature core is made of laminated 
iron (thin sheets) pressed tightly to-
gether. The laminated construction is 
used to prevent induced currents (eddy 
currents) from circulating in the iron 
core when the machine is in operation. The 
iron armature core is also a part of the 
magnetic circuit for the field, and has a 
number of slots around its entire surface, 
in which the armature coils are wound. 

The armature winding is a series of coils 
wound in the armature slots and the ends 
of the coils connect to the commutator 
bars. The number of turns and the size of 
wire is determined by the size speed and 
operating voltage of the machine. The 
purpose of the armature winding is to set 
up magnetic poles on the surface of the 
armature core. 

The field windings are made in three different types: shunt, series and comm. 
pound wound fields. Shunt fields have many turns of small wire and series 
fields have a few turns of heavy wire. The compound field is a combination of 
the two windings. The name of the field winding depends on the connection with 
respect to the armature winding. The purpose of the field winding is to pro-
duce magnetic poles that react with the armature poles to produce rotation. 



MOTORS - DIRECT-CURRENT 319 

eamia4ti Speed D.C. MOTORS 
Shunt and Compound Wound 

APPLICATION AND PERFORMANCE DATA 

Application—Most equipment which is built to op-

erate on direct current can be successfully operated 

with constant speed motors. They are regularly fur-
nished for all devices which, on alternating current, 

would be driven by split-phase or capacitor motors. 

Railroad and marine equipment, machine tools and 

control apparatus are a few of the many fields where 
these motors are often specified, even in preference 
to alternating current motors. 

Bodine constant speed direct current motors are 

designed for use as companion motors to the split-

phase units used on alternating current, and for gen-

eral direct current operation. The frames are similar 

to those used on a-c, and are mechanically interchange. 

Fig. I—The Type NSH-54 motor. This is one of a number of 
D.C. motor frames. 

able with them. Ratings range from 1/70 to 1/6 hp 

at 1725 rpm but other ratings can also be furnished 
at standard speeds at 1125 and 3450 rpm. 

Standard motors are built for operation on 115 or 

230 volts, but motors for other voltages can be fur-

nished to order. Bodine regularly supplies its cus-

tomers with motors for 6, 12 and 32 volts, and for 

more unusual inputs as well. Large motors cannot be 
furnished for operation on very low voltages because 

of the physical limitations arising from the high cur-
rents which result. 

Characteristics — The principal characteristics of 
shunt and compound wound constant speed motors 
are: 

1. Practically constant speed under load. 
The speed varies from about 2000 rpm at no 
load to 1725 rpm at full load for a 1725 
rpm motor. This is somewhat more than the 
variation of the usual alternating current 
motor, and the variation is somewhat greater 
for very small sizes, and less for the larger 
sizes. 

2. No racing or running away at no load. 
Top speeds are but little above load speeds. 

3. Good starting torque. 
Starting torque is approximately 150% of 
full load torque. 

4. Generally satisfactory communtation. 
BruAtes and springs have been carefully 

chosen, and the motor itself designed, for 
long brush life. 

5. Speed adjustability. 
Through the use of suitable resistance the 
motor speed may be increased or decreased. 
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CONSTANT SPEED D. C. MOTORS - Continued 

6. Reversibility. 
Motor connections may be interchanged for 
reverse rotation while the motor is either 
standing still or rotating. 

Shunt and compound motors are the two principal 
types of d-c motors. They are very similar in con-
struction and in performance. Characteristic curves 
for the shunt motor are shown in Fig. 2. The com-
pound windings are generally used for the larger 
motors, and have a few series field turns in addition 
to the shunt winding to provide the higher starting 
torque needed, and lower the inrush current at starting. 

A small change in speed with load (as compared 
with series motors, for example) is characteristic of 
these constant speed d-c motors. Since the no load 
speed is low, they are desirable for driving fluctuat-
ing loads, and will run relatively quiet under such 
conditions. 

Much work has been done to determine the design 
factors necessary for long brush life and Bodine con-
stant speed direct current motors will be found to 
have given an excellent account of themselves in this 
respect. There are, of course, certain adverse applica-
tions, such as those requiring frequent reversal or 
dynamic braking while the motor is running under 
load. Decreased brush life must sometimes be accepted 
under such conditions. 

The speed of these motors may be adjusted through 
the use of suitable rheostats or resistances. If resist-
ance is placed in the armature circuit, the motor speed 
will be decreased; if in the field circuit, it will be 
increased. Generally a change of speed approximately 
50% above or below the rated motor speed may be 
secured by this means. If conditions are favorable 

LINE 

(a) 4 LEAD REVERSIBLE 

SHUNT WOUND, Type NSH 

and particularly if starting torque requirements arc 
low, a wider range may be obtainable. For very wide 
speed ranges it is often better, however, to use a 
series motor. The constant speed d-c motor provides 
a speed which, at any setting of the rheostat, does not 
change widely with load. Speed changes with changes 
in load are characteristic of series motors, but not of 
shunt motors. 

Construction—Constant speed d-c motors are avail-
able in a wide choice of frame sizes, and like all 
Bodine motors are designed for exacting applications. 
They will be found reliable as well as attractive in 
appearance. 

The designer may secure sleeve or ball bearings for 
most frames. and many special modifications can be 
obtained at little expense, especially if a quantity of 
motors are needed. 

The internal construction of Bodine d-c motors has 
been carefully designed to provide compactness with-
out sacrifice of reliability. The field structure, of 
laminated steel, has two salient poles, around which 
the field coils are placed. The armature, rotating in 
diamond bored bearings, is connected through brushes 
and commutator, across the field as in the diagrams 
below. 

The details of these parts, and of the other mechan-
ical features, are completely covered in Bulletins de-
scribing the construction of each of the several frame 
types in which d-c motors are built. 

Speed reducer motors are obtainable for all con-
stant speed d-c motor frames. They afford the means 
of simplifying complicated power transmissions and 
eliminating belts, chains, and exposed gears. 

UNE 

(b) 5 LEAD REVERSIBLE 
COMPOUND WOUND Type NCO 

Fig. 3—Diagrams of connections for standard shunt and compound wound motors. 
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ENGINEERING INFORMATION 

CONNECTION DIAGRAIzs FOR DIRECT CURRENT MOTORS 
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CONNECTIONS - 4 Wire Reversing Series Motor 
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WIRING DIAGRAM OF D-C COMPOUND WOUND MOTOR 

WITH REVERSING SWITCH 
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TERMINAL MARKING a CONNECTIONS 
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GOVERNOR MOTOR SPEED CONTROL SWITCH - ALLIS-CHALMERS TYPE 153 ROTARY 
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AMERICAN STANDARD 

3.2 D-c MOTORS 

3.205 Connections and Terminal Markings—D-c Motors, Shunt-Wound 
Standard direction of shaft rotation for non-reversing motors is counter-clockwise facing the 

end opposite the drive. 

—,,,VvVvVv\A,F  
F, stab./ r 

11E10 

1°A7TIV0\11\MAM-11,111E10 

FR 41 F1 4 4F, F 

FIG. NON-REVERSING COMM./Z.:IT/NG- FIG 7 REVERSING CONNUTAIINC- f /6 3 NON-REVERSING NON-CONNUMT/N6. 
POLE TYPE POLE TYPE POLE TYPE 

--AMMAMe  
Ç 5,10V , rl 

11(10 

PR Rzfz 

116.4 PIK rP31,16 aon-commuramv6-

POLE TYPE 

NOTE I See 1310 for terminal letters assigned to different typec of windings. 
and 1.130 for the signifiesnee of the subscript numerals. 

NOTE II - Connect ion. vhow n in these diagrams will gibe standard counter. 
clockwise shaft rotation facing the end opposite the drive. To obtain clockwise 
shaft rout ion the armature or mato field leads must be reversed. 

NOTE III —Commutating field windings are shown on the Az side of the arma-
ture. Icor thiv location. while prefer, d. iv not standardized. If sound engineering. 
sound .1.111111 WS or t. ion, en kiwi. s,, lirtatc.. this ty inding may be connected in 
on either side of the at mature or may be ilicideil part tin one side and part 
on the other. 

3.210 Connections and Terminal Markings—D-c Motors, Series-Wound 
Standard direction of shaft rotation for non-reversing motors is counter-clockwise facing the 

end opposite the drive. 

cO CONIY Met( 
11110 

C0101 51. R11".5 
1/Ill) 1/110 

a 44 Flz 

PIG NON-REVERS/1e CONNU7/7T/N6- FIG Z REVERSING COMILITÉ 1/N6 - 

POLE TYPE POLE TYPE 

—LWAIV5L- 
SEP/f 
FIELD 

st Sz 

FIG 4 REVER./N6 /YO/V-00/4/41/TÊT/NG-
POLE TYPE 

.---/TIC )11--"\SERIrAe«5111.10 

4 
EL6 3 NON-REVERSING NON-CONNUMTIN6-

POI E TYPE 

NOTE 1—See 1.510 for terminal letters assigned to different types of windings. 
and 1.130 for the significance of the subscript numerals. 

NOTE II —Connertions shown in these diagrams will give standard counter. 
clockwise shah rotation facing :he end opposite the drive. To obtain clockwise 
shaft rotation the armature or main field leads must be reversed. 

NOTE 111—Conmottating and veries field ts intlings are shown on the Az side 
of the arncatdcce. but this location. while preferred, is not standardized. If sound 
engineering. sound economics or convenience no dictates, these windings may be 
connected on either side of the amain, or may be divided para on one side 
and part on the other. 

3.215 Connections and Terminal Markings—D-e Motors, Compound-Wound 

Standard direction of shaft rotation for non-reversing motors is counter-clockwise facing the 
end opposite the drive. 

COMM SER/ES 
FIELD FIELD 

F Az 

F G I NON-REVERS/N6 CONNUMTING-
POLE TYPE 

Pi el az 5, sz rz 
F 64 REVERSING NON-CONNUmT/A/G-

POLE TYPE 

AMAAAM  
F, 

rm-to 
5, 5 
-AMA— 

,qz comer SIR/ES 
FIELD 11110 

14 45, Sz r 

1/6 2 REVERSING COMNUT/7 TING-

POLE TYPE 

 VWVOIVVV— 
T,iihyr Ft 
11E10 

51-1711-5 11110 

FR 

116 3 NON-REVERSING II0/1-CONMMINIC 

POLE TYPE 

NOTE I See 1.510 for terminal letters assigned to different types of windings. 
and 1.130 for the significant, of the subscript numerals. 

NOTE II —Conneet ions shown in these diagrams will give standard counter• 
elockweie shaft rotation facing the end opposite the drive. To obtain clockwise 
shaft rotation the armature or main field leads must be reversed. 

NOTE III—Commutating and series field windings are shown on the An side 
of the armature but this location, while preferred, is not standardised. If sound 
engineering. sound economies or cony enienee so dictates, these windings may be 
connected on either side of the armature or may be divided part on one •ide 
and part on the other. 

NOTE Iv—For differential connection of the series fields no change should be 
made on the field leads or terminal markings on the machine, but the connection 
of the series fielil to the armature should be shown reversed. 
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LAP WINDING AND ARMATURE CONNECTIONS 
An armature winding is an electro -magnet having a number of coils connected to 
commutator bars. There must be at least one start and one finish lead connected 
to each commutator bar. There are two types of armature windings, LAP & WAVE 
wound. The coil leads of a lap wound armature connects to commutator bars that 
are near each other and the coil leads of a wave wound armature connects to com-
mutator bars that are widely separated. See Fig. 1 & 2. 
When current flows through the coil in a clockwise direction a south pole will 
be produced on the surface of the armature. Fig. 3. If the current flows in a 
counter clockwise direction a north pole will be produced on the surface of the 
armature. Fig. 4. A large number of coils are used to produce a strong magnetic 
pole and a smoother twisting action. 

FIG./ 

LAP 

COIL 

FIG.2 

vvAl YE 

COIL 

F/6.3 fi6.4. 

COM AA U TA TOR COMMUTATOR 

ARMATURE WINDING CONNECTIONS 
Although there are only two types of D.C. armature windings there are a number 
of winding connections that apply to either a lap or a wave wound armature. 

SYMMETRICAL & NON-SYMMETRICAL CONNECTIONS. If the coil leads connect to com-
mutator bars that are on a line with the center of the coil the connection is 
symmetrical. Fig. 5. If the coil leads connect to commutator bars that are not 
on a line with the center of the coil the connection is non-symmetrical. Fig. 6. 

The brushes must always short the coil when it is in the neutral plane which 
means that the brushes be located on a line with the center of the field pole if 
the coil is connected symmetrical and located between the field poles if con-
nected non-symmetrical. 

Fio.ss 3 
FIELD 
PoLE 

ymm ET RICA L FI 6.6 NON 
i 

1 ;gtf I 

- 3 YA1 MET RI C4 L 

FIELD 
POLE POLE 

1:1ELD 

ARM. 

.1 

EIRUJII 

BRUS -ri» 
4Rm. 

FIELD 

POLE 

BRUSH  

r;IEL1 POLE 

COmMLIZATOR 

*- 8RUSII 
C 0 M  MUTA TOR 

.- BRUSH 
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LAP WINDING AND ARMATURE CONNECTIONS (coNr,Nueo 

PROGRESSIVE & RETROGRESSIVE CONNECTIONS. If the start and finish leads of a 
coil, or the element of a coil, do not cross the connection is known as pro-
gressive. Fig. 7. If the start and finish leads of a coil, or the element of 
a coil, cross the winding is connected retrogressive. Fig. 8. 

If a winding is changed from progressive to retrogressive, or vise versa, the 
effect will be reversed rotation on a motor and reversed brush polarity on a 
generator. Lap wound armatures are usually connected progressive and wave wound 

armatures retrogressive. 

f/G., PROGRESSIVE 

I I I 1 

F-, ç.a RETROGRESSIVE 

l 

\I I 

/ i 

/ 
1 
I , 

/ 

I 

ELEMENT WINDINGS WINDINGS are used to reduce the voltage across adjacent commutator bars 
and decrease the tendency of brush sparking. Example - An armature has 30 turns 

per coil and the voltage per turn is 1 volt or 30 E per coil. If the coil were 
wound in one section and connected to adjacent commutator bars the voltage across 
the bars will be 30 E. Such a coil would have one start and one finish lead and 
there would be as many bars as slots. This would be a single element winding. 

Fig. 9. 

If this coil were divided in two sections (15 turns per section) and each section 
connected to adjacent bars the voltage across ad;acent bars would be 15 E. Such 

a coil would have two start and two finish leads and there would be twice as many 
bars as slots. This would be known as a two element winding. Fig. 10. 

If the coil were divided in three sections (10 turns per section) and each sec-
tion connected to adjacent bars the voltage across adjacent bars would be 10 E. 
Such a coil would have three start and three finish leads and there would be 
three times as many bars as slots. This would be known as a three element wind-

ing. Fig. U. 

Element windings are particularly desirable for high voltage machines. The 
practical limit is usually three or four elements. 

SINGLE 

PIG.? 

i c i' 

ELEMENT TWO 

Fl6.10 

ELEMENT THREE 

f15. /I 

ELEMENT 

t 

i f 
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LAP WINDING 

SIMPLEX 

PROGRESSIVE 

SYMMETRICAL 

SINGLE. ELEMENT 

SLOTS = 24-

BARS mr 24 

POLES = 4 

COIL SPAN = 1-7 

COIL SPAN = THE NEXT WHOLE NUMBER AINOVE SLOTS -hPOLES 

COYNE. 
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LAP VVINDING 

SIMPLEX 

PROGRESSIVE 

NON-SYMMETRICAL 

TWO ELEMENT 

SLOTS = 15 

BARS = 30 

POLES = 2 

COIL SPAN= 1-8 

COY N E 
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PRINCIPLES OF LAP AND WAVE WINDINGS 

The lap winding is usually used on a circuit where the operotiniz volt-
age is 220 E or less in value. This type of winding is desirabie for 
general factory work. It is possible to design an armature for a 
higher ampere capacity by having it len wound. The higher ampere 
capacity is obtained because there will be a greater number of paral-
lel paths in the armature which increases its ability to carry current. 

SECTION or A 
LAP 

I N 

Fig. 1 
4 POLE PROGRESSIVE 
WINDING. 

I 1 S 1 

Fir_;. 
SECTION or A 

LAP 

I N I I 

2 
4 POLE 
WINDING. 

RETROORESSiVE 

s I 

.._ 

D.C. MOTOR ; ' 

s 

‘ ‘ 

-. 
z- — — 

D.C. MOTOR e 
, 

• 

eè 
,.. 
= r-
le 

-.- 

4-+ _ 

The name wave wound is derived from the way 
waves through the armo turc. The wave type 
a circuit where the operating voltage is 250 
type winding is desirable for traction work, 
It is possible to design an armature for a 
having it wave wound. The higher operating 
cause there will be a greater number of armature 
tween the brushes which increases the operating 

the current circulates or 
winding is usually used on 
E or more in velue. This 
steel mills & mine work. 

higher operating voltage by 
voltage is obtained be-

coils in series be-
voltage. 

i 
Fig. 3 

4 pole progressive wave winding. 

L211 I 1 II 1iN 
4 pole 

Fig. 4 
retrogressive wave winding. 
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LAP WINDING 

DUPLEX 

PROGRESSIVE 

SYMMETRICAL 

SINGLE ELEMENT 

SLOTS = 24 

BARS --:-- 24 

POLES «= 4 

COIL SPAN =1-7 

COYNE 
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WAVE WINDING 
SIMPLEX 

RETROGRESSIVE 

SYMMETRICAL 

SINGLE ELEMENT 

SLOTS = 25 

BARS == 25 

POLES1. 4 

COIL SPAN =1-7 

COMMUTATOR PITCH =1-13 

C OYNE 
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WAVE. WINDING 

SIMPLEX 

PROGRESSIVE 

SYMMETRICAL 

SINGLE ELEMENT 

SLOTS = 32 

BARS = 32 

POLES = 6 

COIL SPAN = 1-6 

COMMUTATOR PITCH-1 -12. 

COYNE 
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WAVE VVINDING 

SIMPLEX 
RETROGRESSIVE 

SYMMETRICAL 

TWO ELEMENT 

SLOTS =13 

BARS. 25 

POLES = 4. 

COIL SPAN = 1-4 
COMMUTATOR PITCH = 1-13 

A - S ENDS or DEAD COIL. 

COYNE 
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ARMATURE EQUALIZER CONNECTIONS. 

I. 

V V 
1 

1 
1 1 

I 1 

,• • / 

/ 

• , • 
• • , / , / / / 

•  

, •\ 
• 

411111Fam 
Although equalizers have 

been used on large armatures 
for many years, the applica-
tion of these connections to 
small machines is a compara-
tively recent innovation that 
has raised questions regard-
ing the advantages of such 
connections, and the method 
of testing such windings for 
faults. 

Briefly, equalizer connec-
tions provide better commuta-
tion, make possible one-half 
the number of brushes usually 
used on the lap-wound ma-
chine, and provide the manu-
facturer with a means of 
avoiding the special slot and 
commutator bar relationships 
demanded by wave-type wind-
ings. Inasmuch as the equal-
izers here referred to are per-
manently connected to the 
commutator, and inasmuch as 
they make testing of the ar-
mature impossible by the reg-
ular procedure, the testing 
method and other information 
about these connections 
should prove of value to main-
tenance electricians and ar-
mature shop men. 
The principal purpose of 

equalizers is to connect to-
gether on the armature those 
points which have the same 
polarity and which should 

1 

• 
• \ 

1 1 
i I 1 i 1 1 I i I 

A t 14%'1 vt •t V/ 4 A 4 A i t li I ' 
I 1 I 1 1 I 1 1 1 1 i 

1 1 I 1 1 1 I I 1 ) ) : ) 
• / I / ,/ / // /' 

• , / , • , 

, • , , , / / / / 
/ 

..,  
• • / / , / , 

have equal potential. For a 
four-pole winding this means 
commutator bars 180 degrees 
apart; for a six-pole arma-
ture, bars 120 degrees apart; 
for an eight-pole machine, 
bars 90 degrees apart. The 
number of bars spanned by 
the equalizer will equal bars ÷ 
pairs of poles. For the arma-
ture shown in the diagram, 
each equalizer will span 
24:2, or 12 bars, thereby mak-
ing the connection 1 and 13, 
2 and 14, etc. The pitch for 
any other number of bars or 
poles would be determined by 
the same method. 
To test such an armature, 

current must be fed to the ar-
mature from an external low 
voltage D.C. supply, such as a 
battery, the leads being con-
nected to commutator seg-
ments one-half the equalizer 
pitch apart. Since the equalizer 
pitch is 12 segments in this 
case, the leads will be spaced 
six bars apart or 1 and 7. Any 
pair of bars so spaced may be 
used, in a fully equalized ar-
mature; bars 13 and 15 being 
employed in the diagram. 
The value of the test cur-

rent is adjusted to give satis-
factory deflection on the milli-
voltmeter, and volt drop read-
ings are taken between all ad-
jacefit pairs of segments. 

These readings are interpret-
ed in the usual manner, low 
readings indicating shorts, 
high readings showing high 
resistance connections or 
opens. Tracing the winding 
and also by actual test, it will 
be noted that if the readings 
from bars 13 and 19 are for-
ward, then the readings from 
19 to 1 will be backward. 1 to 
7 will be forward, and 1 to 13 
backward. This is a normal 
indication obtained in all 
windings. 

If the factors mentioned 
are kept in mind, the proced-
ure given will produce con-
sistently accurate results. It 
is to be noted such an arma-
ture will, when tested on a 
growler, give a shorted indi-
cation on all coils, even though 
the winding is in perfect con-
dition. The reason for this can 
be seen by tracing from bar 1 
through the coil to bar 2, 
through the equalizer to bar 
14, through the coil to bar 13 
and back through the equal-
izer to bar 2. Thus every coil 
on the armature is apparently 
short circuited by having an-
other coil placed in series with 
it through the equalizer con-
nections. This explains the 
need for a special testing pro-
cedure. 

• 
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DATA SWEET FOR MOTOR AND GENERATOR REMY/A/DINO 
Job No.  Customer  
Address  
Date received  Date promised  
How delivered Send  Will call  
Terms of payment Estimate  
Cost of materials used  Total hrs. labor  

WORK TO BE DONE 
Write out in detail  

REWIND DATA 
H.P. Volts Amps.  R.P.M. Type  
Serial No. Mike   
No. of slots  Coil span Turns per coil   
Size and kind of wire  Wdg. conn.  
No. of wires in parallel Lbs. of scrap wire removed  
Slot insulation  
No. of comm. bars. Comm. pitch  
Dead coils Dead bars Wires per bar  
Dia. of core Length of core  End room   
Band wires  Size  No. of turns Solder balance weights  

WAVE. SiMILEX STM. 

OISTAWCE 
FROM 
CORE TO 
COMM_ 

LAP IIMPLE1 STM. 

1 . . . 1 . t • 1 1 1 • 1 111 t 

NovAvE Sum.Lta 
1LemENT 

LAP 3imPLE.X 
MON - 

LAP SIMPLI.a. 
SYM. Z all-Miilft 
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Coil Forming 

The sketches show the method of making the right size coils 
for an armature winding. 

The first step is to count the number of slots and commutator 
segments for determining the coil span and what element it is. 
After the coil span is found measurements should be according to 
Fig. 3 which shows the size a coil should be in relation to the 
average size armature. Notice particularly that the coil end 
extends 1/2" beyond the slot, 1/4" before spanning over to another 
slot. It can also be noticed that the twist (or curl) made in 
each end of the coil must be made at the exact center, otherwise 
the coils will not fit in properly. 

Using a ruler, measure from a point l/2 " from the commutator 
in the exact center of the coil, (using a coil span of 1-7, slot 
#4, counting from #1 would be the center) to within 1/4" of slot 
#7. Referring to the armature in Fig. 3 this would be from C to 
D or 2-1/4". Measuring from C to B would be 6-1/2", and from A 
to B would be another 2-1/4" making a total of II inches for the 
length of the coil. 

Set the coil winder (Fig. I) at 11" and if the armature has 
twice as many segments as slots, or is two element, wind the two 
element coils with two wires in parallel, making both of the small 
coils in the two element coil in one operation. After the coils 
are wound on the winder they should be taped with cotton tape. 

Referring to Fig. 2 which shows the method to use in forming 
the coil and bringing out the leads for both lap and wave wound 
coils note that coil should be taped before forming, assuming the 
approximate point where the lead should come out. 

Extreme care must be taken in taping the coils to overlap ex-
actly 1/2 its width pulling each turn firmly against the wires of 
the coil (start taping the coil 1" from the end at which the leads 
are to be brought out). 

The next step is shaping the coil. The slots in the coil 
former that will hold the coil while it is being shaped should be 
set 6-1/2" on the scale (the slot on the pull arm should also be 
the same width and height). To get the length of the coil from 
one point to the other, measure from the center of the coil along 
the 4th slot (starting within 3/4" of the commutator and letting 
the ruler extend out at the other end) to a point the same distance 
at the opposite side. Referring to Fig. 3 this would be from D to 
A or 8-1/2". The adjustable rings on the shaft of the coil former 
will slide out so the holes in the knuckles will be held this dis-
tance (8-1/2") apart. Too much pressure should not be exerted in 
pulling the coil into position, as there is danger of breaking the 
insulation. When the coil has been stretched out the knuckles 
should be turned in the direction shown in Fig. 2, being very 
careful to see that the holes that the pins go through, to hold 
the coils in place, are exactly in the center of the coil. 

Note:- The leads that extend from the coil when winding should 
be only long enough to reach to the end of the commutator bar oppo-
site the riser. These ends should never be used to wind around 
the coll. Short lengths of wire may be used for this purpose, re-
moving them as the coil is taped. 

Note:- It is always good practice to make but one coil, shape 
it and try it on the armature to see if it is the exact size de-
sired. Then if any alterations must be made only one coil will 
be wasted. 
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DC - ARMATURE WINDING TOOLS AND MATERIALS 

To test and rewind armature stators efficient/y, certain tools and testing equipment 
are necessary. The list given below indicates the tools and testing devices that 
should be available to the winder if his work is to be done effectively. 

1 - 16 oz. machinists 
1 - 12 oz. machinists 
1 - Large screwdriver 
1 - Small screwdriver 
1 - #1 Rawhide mallet 
1 - #2 Rawhide mallet 
1 - Outside growler 
1 - Inside growler 

hammer 
hammer 
6" 
3" 

ARMATURE AND STATOR TOOLS  
1 - Pair tin shears 
1 - Knife 
1 - Flat file 
1 - Cold chisel 
1 - Lead scraper 
1 - Armature spoon 
1 - 6" Parallel plier 
1 - Set soldering irons 

1 - Pair of scissors 
1 - Set wedge drivers 
1 - Coil lifter and shaper 
1 - Long nose plier 
1 - Diagonal plier 
1 - Set coil tamping tools 
1 - 8" side cutting plier 
1 - Universal test meter 

The proper insulation of a stator or armature means the insulation of the slots as 
well as the coils, the former serving the dual purpose of insulating and mechanic-
ally protecting the coils at the same time. These insulations may be divided into 
groups which indicate the purpose for which they are most suitable. In the first 
group may be listed the purely electrical insulations: cotton tape, oiled cloth of 
cotton muslin or linen, varnished cambric, varnished muslin, varnished silk, and 
empire cloth. In the second group the materials which afford the greatest mechanic-
al protection: pressboard, presspahn, hard fiber, vulcanized fiber, and fish paper. 
In the third group those especially adapted to high temperatures such as: mica, 
micanite, mica paper, glass tape, and mica cloth. From this it may be seen that 
there is an insulation for practically every purpose, and that a certain degree of 
care must be exercised in choosing the insulation for any particular job. The most 
widely used slot insulations with their various thicknesses are given below. 

Black varnished cambric 
Yellow varnished cambric 
Yellow varnished silk 
Fish paper 
Duro 

Friction)Taping 
Rubber )splices 

Cotton ) 
Linen )Taping 
Silk )Coils 
Glass ) 

SLOT WEDGES OR SLOT STICKS  
Fiber - usually rawhide fiber 

Air dry) Baking not 
Shellac) essential 

SLOT INSULATIONS  
.012" thick Fullerboard 
.007 - .015 
.003 
.004 - .023 
.007 - .015 

Oiled asbestos paper 
Varnished " 
Mica paper 
Micanite 

INSULATING TAPES 

Oiled muslin 
Varnished cambric 

.007 - .015" 

.006 - .015" 

.006 - .015 

.005 - up 

.005 - up 

) Used for 

Duro ) taping 
Mica ) coils. 
Black varnished cloth ) 

Wood - generally maple 

INSULATING COMPOUNDS 
Clear baking varnish)Requires 
Black baking varnish)baking 
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1 LAYER HALF LAP .007 x 3/4 ELECTRIC TAPE  

DIRrCT CURRENT WINDING AND 
COW-,T-cTIoN DATA. 

MACHINE CONNECTION 
DIAGRAM VIEWED FROM 
COMMUTATOR END 
EITHER DIRECTION OF ROTATION 

THESE SYMBOLS 
Al STAMPED ON TYRMINALS 

2 
THE PEERLESS ELECTRIC CO. 

TREATMENT CF COMPLETED 
CÇ)ILS 

MAIN FIELD 
DIP IN BB 52V1.3 
vARNISH & BAKE 
6 HOURS. 
AGAIN DIP IN GB 
5.2V13 VARNISH & 
BAKE 4 HOURS. 
AFTER ASSEMBLY 
IN SHELL,BRUSH 
WITH AIR DRYING 
VARNISH. 

COM.FIELD 
SAME 

AS MAIN 
FIELD 

2 LAYERS .007 x 3/4 Y.V. CAMBRIC 

MAIN POLE COIL 

COMMUTATING POLE COIL INSULATION 
SAME AS MAIN POLE COIL 

2 COILS PER SLOT 

34 

COMMUTATOR 

33 

I 6 j 

SECTION OF ARMATURE SLOT  

TREATMENT CF COMPLETED 
ARMATURE 

INSULATION MATERIALS 
NAVY SPEC. 

1. DIP IN BB 5.2V13 VARUSH. SLOT CELL-.020 001°40E1 17-1-10 

2. BARE 4 HOURS AT 260`7. CENTER WEDGE- .020 COPAN= 17-1-10 

3.REpEAT 3 TIMES. TOP Inumr- .020 00pAux 17-1.10 
COIL LAYER INSULATION 
.007 COTTON TAPE 1/2 LAP 27-T-11 
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MAIN POLE COIL  

DIRECT CURRENT WINDING AND 
CONNECT/ON DATA 

MACHINE CONNECTION 
DIAGRAM VIEw£D FROM 
COMMUTATOR END 
EITHER DIRECT/ON OF ROTATION. 

NO INTERPOLE. 

THE PEERLESS ELECTRIC CO. 

Al 
THESE SYMBOLS MUST BE 
STAMPED Or. TERMINALS. 

.007 COTTON TAPE 

2 LAYERS 007 x 3/4 Y.V. CAMBRIC 

1 LAYER HALF LAP .007 x 3/4 ELECTRIC TAPE 

o 

2 COILS PER SLOT 

DUD 

TREATMENT OF COMPLETED 
COILS. 

FIELD 

DIP IN BB 521713 VARNISH & 
BAKE 6 HOURS. 
AGAIN DIP IN CB 52Vl3 
VARNISH & BAKE 4 HOURS. 
AFTER ASSrrnLY IN SHELL, 
BRUSH WITH AIR LAYING 
VARNISH. 

1/ 

T WEEGE 

COIL 

COIL 

SECTION OF ARMATURE SLOT  

TREATMENT OF COMPLETED 
ARMATURE 

1, DIP IN BB 52Vl3 VARNISH. 
2. BAKE 4 HOURS AT 260 0F. 
3, REPEAT 3 TIMES. 

INSULATION MATER/ALS 

SLOT CET.L..-.020 Tufelec 
TOP WEDGE—MAPLE 

NAVY SPEC. 

-480 
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DIRECT CURRENT WINDING 4i.ND 
CONNECTION DATA. 

MACHINE CONNECTION 
DIAGRAM VIEWED FROM 
COMMUTATOR END,CLOCKWISE ROTATION. 

LAYERS HALF LAP  
1"WIDE-x .007- COirTON TAPE. 

2 LA/IRS HALF LAP .007 x 1" 

2 LAYERS .007 i 3/4 Y.V.CAMBRIC 

MAIN POLE COIL 

TREATMENT OF COMPLEXED 
ARMATURE 

1. DIP IN BB 52V13 VARNISH. 
2. BAKE 4 HOURS at 260 F 
3. REPEAT 3 TILŒS. 

THE PEERLESS ELECTRIC CO. 

THESE SYMBOLS STAMPED 
ON TERMINALS. 

TREATMENT OF COMPLETED 
COILS.  

DIP IN BB 52V13 VARNISH ó 
BAKE 6 HOURS. 
AGAIN DIP IN CB 52V13 
VARNISH & BAKE 4 HOURS. 
AFTER ASSEMBLY IN SHELL, 
BRUSH WITH AIR DRYING 
VARNISH. 

COIL #1 

SECTION OF ARMATURE SLOT  

INSULATION MATERIALS 

SLOT CELL--.020 Tufelec 
TOP WEDGE—MULE 
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DIRECT CURRENT 
MOTOR 

CONNECTION AND WINDING DATA 
IN 

CONNECTION DIAGRAM 
MACHINE VIEWED FROM COMMUTATOR END 

ROTATION COUNTER CLOCKWISE 

Fl FLD. 
Al ARM. 
A2 LINE 

THESE SYMBOLS ARE 
STAMPED ON TERMINALS 

THE PEERLESS ELECTRIC CO., 
WARREN OHIO. 

2 LAYERS HALF LAP 
)"WIDE x.007 COTTEN TAPE 

2 LAYERS HALF LAP .007 x 1"  
YELLOW VARNISHED CAMBRIC  

2 LAYERS .007 x %/4" Y.V.CAMBRIC  

11 LAYER HALF LAP .007 x 3/4" ELECTRIC TAPE 

MAIM PÛIF noLL  

TREATMENT OF CO 
COIL 

MPLETED 

MAIN FIELD 
DIP IN BB 52V13 
VARNISH & BAKE 
6 HOURS. 

AGAIN DIP IN ca 
52V13 VARNISH & 
BAKE 4 HOURS. 
AFTER ASSEMBLY 
IN SHELL BRUSH 

WITH AIR DRYING 
VARNISH. 

8-.5136 

2 com PER SLOT  

SLOT CELL 

SECTION OF ARMATURE SLOT  

TREATMENT OF COMPLETED 
ARMATURE 

1.DIP IN BB 52V13 VARNISH 
2.BAKE 4 HOURS AT 260 F. 
3.REPEAT 3 TIMES. 

INSULATION MATERIAL 
MATERIALS 1 NA VY ;77E77--

SLOT CELL .002 COPAREX 17-1-10 
TOP WEDGE MAPLE 
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INSULATION MATERIALS 

DIRECT CURRENT 
MOTOR 

CONNECTION AND WINDING DATA 

CONNECTION DIAGRAM 
MACHINE VIEWED FROM COMMUTATOR END 

ROTATION COUNTER CLOCKWISE 
COMPOUND INTERPOLE 

THESE SYMBOLS ARE 
STAMPED ON TERMINALS 

THE PEERLESS ELECTRIC CO., 
WARREN OHIO. 

1 LAYER HALF LAP .007 x 3/4" ELECTRIC TAPE 

2 LAYERS HALF LAP 
OTTON TAPE 

2 LAYERS HALF LAP .007 x 

2 LAYERS .007 

ISHED CAMBRIC 
1" 

3/4" Y.V.CAMBRIC 

MAIN POLE COIL  
COMMUT4TING POLE COIL INSULATION 

SAME AS MAIN POLE COIL 

TREATMENT OF C 
COIL 

OMPLETED 

MAIN FIELD COM.FIELD 

DIP IN BB 52V13 
VARNISH & BAKE 
6 HOURS. 

AGAIN DIP IN CB 
52V13 VARNISH & 
BAKE 4 HOURS. 
AFTER ASSEMBLY 
IN SHELL BRUSH 

WITH AIR DRYING 
VARNISH. 

SAME 
AS MAIN 
FIELD 

B-5231 

WEDGE  

El R 
EDGE 

LL 

SECTION OF ARMATURE SLOT  

TREATMENT OF COMPLETED  
ARMATURE  

1.DIP IN BB 52V13 VARNISH 
2.BAKE 4 HOURS AT 260 F. 
3.REPEAT 3 TIMES. 

MATERIALS NAVY SPEC. 

SLOT CELL .002 COPAREX 
CENTER WEDGE .020 COPAREX 
TOP WEDGE .020 COPAREX 
COIL LAYER INSULATION, 
.007 COTTON TAPE 1/2 LAP. 

17-1-10 
17•-1-10 
17-1-10 

27-T-11 



D-C MOTOR AND GENERATOR WINDING.) 349 

DIRECT CURRENT 
MOTOR 

CONNECTION AND WINDING DATA 

CONNECTION DIAGRAM 
MACHINE VIEWED FROM COMMUTATOR END 

ROTATION CLOCKWISE 
COMPOUND INTERPOLE 

Fl 
ARM-Al 
LINE-AZ 

THESE SYMBOLS ARE 
STAMPED ON TERMINALS 

THE PEERLESS ELECTRIC CO., 
WARREN OHIO. 

N 

1 LAYER HALF LAP .007 x 3/4" ELECTRIC TAPE 

2 LAYERS HALF LAP 
1"WIDE x.007 COTTON TAPE 

2 LAYERS HALF LAP 007 x 1 
YELLOW VARNISHED CAMBRIC 

2 LAYERS .009 x 3/4" Y.V.CAMBRIC 

MAIN POLE COIL  
COMMUTATING POLE COIL INSULATION 

SAME AS MAIN POLE COIL 

TREATMENT OF C 
COIL 

OMPLETED 

MAIN FIELD COM.FIELD 

DIP IN BB 52V13 
VARNISH & BAKE 
6 HOURS. 

AGAIN DIP IN CB 
52V13 VARNISH & 
BAKE 4 HOURS. 
AFTER ASSEMBLY 
IN SHELL BRUSH 

WITH AIR DRYING 
VARNISH. 

SAME 
AS MAIN 

FIELD 

6-5232 

INSULATION MATERIALS 

SECTION OF ARMATURE SLOT  

TREATMENT OF COMPLETED  
ARMATURE  

1.DIP IN BB 52V13 VARNISH 
2.BAKE 4 HOURS AT 260 F. 
3.REPEAT 3 TIMES. 

MATERIALS NAVY SPEC. 

SLOT CELL .002 COPAREX 
CENTER WEDGE .020 COPAREX 
TOP WEDGE .020 COPAREX 
COIL LAYER INSULATION, 
.007 COTTON TAPE 1/2 LAP. 

17-1-10 
17-1-10 
17-1-10 

27-7-11 
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DIRECT CURRENT 
MOTOR 

CONNECTION AND WINDING DATA 

CONNECTION DIAGRAM 
MACHINE VIEWED FROM COMMUTATOR END 

ROTATION REVERSIBLE 
COMPOUND INTERPOLE 

S2 
A2 
Al 

?I 

THESE SYMBOLS ARE 
STAMPED ON TERMINALS 

THE PEERLESS ELECTRIC CO., 
WARREN OHIO. 

2 LAYERS  HALF LAP 
OWIDE x.067-EUT'UN TAPE 

2 LAYERS HALF LAP .007 x 1"  
YELLOW VARNISHED CAMBRIC  

2 LAYERS .007 x 1/4" Y.V.CAMBRIC  

1 LAYER HALF LAP ,007 x 3/4" ELECTRIC TAnE  

MAIN PÛ5 con,  

COMMUTATING POLE COIL INSULATION 
SAME AS MAIN POLE COIL 

TREATMENT OF CO 
COIL 

MPLETED 

MAIN FIELD COM.FIELD 
DIP IN BB 52V13 
VARNISH & BAKE 
6 HOURS. 

AGAIN DIP IN CB 
52V13 VARNISH & 
BAKE 4 HOURS. 
AFTER ASSEMBLY 
IN SHELL BRUSH 

WITH AIR DRYING 
VARNISH. 

SAME 
AS MAIN 

FIELD 

B-5386 

2 COILS PER SLOT 

TOP WEDGE 

COI 2 

SLOT CELL 

SECTION OF ARMATURE SLOT  

TREATMENT OF COMPLETED 
ARMATURE 

1.DIP IN BB 52V13 VARNISH 
2.BAKE 4 HOURS AT 260 F. 
3.REPEAT 3 TIMES. 

INSULATION MATERIAL 
MATERIALS • - NAVY. SPEC. 

SLOT CELL .002 COPAREX 17-1-10 
TOP WEDGE MAPLE 
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DIRECT CURRENT 
MOTOR 

CONNECTION AND WINDING DATA 

CO NNE CT ION DIAGRAM 
MACHINE VIE WED FROM COMMUTATOR END 

ROTAT IO N REVERSIBLE 
COMPOUND NON INTERPOLE 

S1 
A2 

Al 

THESE symeus ARE 
STAMPED ON TERMINALS 

THE PEE RLESS ELE CTRIC CO., 
WARREN OHIO. 

MA IN POLE COIL  

007 COTTON TAPE 

2 LAYERS HALF LAP .007 x 1" 
YELLOW VARN ISH ED CAMBR IC 

2 LAYERS .007 x 3/4" Y.V.CAMBR IC 

1 LAYER HALF LAP .007 x 3/4" ELECTRIC TAPE 

[ TREATMENT OF COMPL ETED 
COIL  

MAIN FIEL D 

IP IN BB 52V13 
VARNI SH & BAKE 
6 HOUR S. 

AGA IN DIP IN CB 
52V13 VARNI SH & 
BAKE 4 HOURS . 
AFTER ASSEMBLY 
IN SHELL BRUSH 

'W ITH AIR DRYING 
VARN ISH. 

CO M. FIELD 

NONE 

B- 5'44 5 

COILS FER SLQT 

COMMUTATOR 

H 

 ii 
SECTION OF ARMATURE _SLOT  

TREATMENT OF COMPLETED  
ARMATURE  

1.DIP IN BB 52Vl3 VARNISH 
2.6AKE 4 HOURS AT 260 F. 
3.REPEAT 3 TIMES. 

INSULATION MATE RIALS 
MATER IALS NAVY SPEC. 

SLOT CEL L .002 COPAREX 
CENTER WEDGE .020 COPAREX 
TOP WEDGE .020 COPAREX 
COIL LAY ER INSULATION , 
•007 CCT7 ON TAPE 1/2 LAP. 

17-1-10 
17-1-10 
17-1-10 

27-T-11 
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MAIN MI-- con_  

COMMUTATING POLE COIL INSULATION 
SAME AS MAIN POLE COIL 

DIRECT CURRENT 
MOTOR 

CONNECTION AND WINDING DATA 

CONNECTION DIAGRAM 
MACHINE VIEWED FROM COMMUTATOR END gi3 

ROTATION CLOCKWISE 

A2 LINE 
Al ARM 
FI FLD 

2 LAYERS HALF LAP 
1"WIDE x..007 COTTEN TAPE 

2 LAYERS HALF LAP .007 x 1"  
YELLOW VARNISHED CAMBRIC  

2 LAYERS .007 x U4" Y.Y.CAMBRIC  

1 LAYER HALF LAP .007 x 3/4" ELECTRIC TAPE 

THESE SYMBOLS ARE 
STAMPED ON TERMINALS 

THE PEERLESS ELECTRIC CO., 
WARREN OHIO. 

In 

TREATMENT OF CO 
COIL 

MPLETED 

MAIN FIELD comiFifto 
DIP IN BB 52V13 
VARNISH & BAKE 
6 HOURS. 

AGAIN DIP IN CB 
52V13 VARNISH & 
BAKE 4 HOURS. 
AFTER ASSEMBLY 
IN SHELL BRUSH 

WITH AIR DRYING 
VARNISH. 

SAME 
AS MAIN 
FIELD 

B-5555 

2 CC1LS PER SLOT 

TOP WEDGE 

CCI 2 

SLOT CELL 

COIL# 1  
13 

SECTIDN OF ARMATURE_ SLOT  

TREATMENT OF COMPLETED 
ARMATURE 

1.DIP IN BR 52V13 VARNISH 
2.BAKE 4 HOURS AT 260 F. 
3.REPEAT 3 TIMES. 

INSULATION MATERIAL 
MATERIALS NAVY. SPEC. 

SLOT CELL .002 COPAREX 
TOP WEDGE MAPLE 

17-i-10 



2 COILS PER SLOT  
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DIRECT CURRENT 
MOTOR 

CONNECTION AND WINDING DATA 

CONNECTION DIAGRAM 
MACHINE VIEWED FROM COMMUTATOR END 

ROTATION COUNTER CLOCKWISE 

F1 FLD 
AI ARM 
A2 LINE 

2 LAYERS HALF LAP 

1"wIDE x.007 COTTEN TAPE 

/2 LAYERS HALF LAP .007 x 1"  
/ YELLOW VARNISHED CAMBRIC  

2 LAYERS .007 x 2/4" Y.Y.CAMBRIC  
LAYER HALF LAP ,007 3/4" ELECTRIC TAPE 

MAIN POLI nnIL  

COMMUTATING POLE COIL INSULATION 
SAME AS MAIN POLE COIL 

THESE SYMBOLS ARE 
STAMPED ON TERMINALS 

THE PEERLESS ELECTRIC CO., 
WARREN OHIO. 

- TREATMENT OF CO 
COIL 

MPLETED 

y\ 
V-% 
V\ 

MAIN FIELD 

DIP IN BB 52V13 
VARNISH & BAKE 

6 HouRs. 
AGAIN DIP IN CB 
52V13 VARNISH & 
BAKE 4 HOURS. 
AFTER ASSEMBLY 
IN SHELL BRUSH 

WITH AIR DRYING 
VARNISH. 

COM,FIELD 

SAME 
AS FIELD 
FIELD 

B-5556 

H 

TOP WEDGE 

COI 2 

SLOT CELL 

COIL# 

SECTION OF ARMATURE SLOT  

TREATMENT OF, COMPLETED 

ARMATURE 

1.o1P IN BB 52V13 VARNISH 
2.BAKE 4 HOURS AT 260 F. 
3.REPEAT 3 TIMES. 

INSULATI ON MATER I AL 
MATERIALS NAVY. sPEC. 

SLOT CELL .002 COPAREx 
TOP WEDGE MAPLE 

17-1-10 
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SINGLE-PHASE 
TWO-WIRE 

SINGLE-PHASE TWO. 
WIRE GROUNDED NEUTRAL 
One coil alone will not protect cir-
cuit against phase to-ground faults 
and two coils are therefore necessary 

SINGL ',PHASE THREE 
WIRE GROUNDED NEUTRAL 

Unprotected conductors must always 
be connected to neutral. 

SINGLE-PHASE 
TWO-WIRE GROUNDED 

Coil must be connected in ungrounded 
conductor to protect against a fault 
to the ground. 

SINGLE-PRASE THREE-
WIRE UNGROUNDED 

TWO-PHASE, THREE-
WIRE UNGROUNDED 

TWO-PHASE, FIVE-WIRE 
UNGROUNDED 

-  

TWO-PHASE, FOUR-
WIRE GROUNDED 

All conductors must have overcurrent All conductora must have overcurrent 
coils. 

THREE-PHASE. THREE-
WIRE UNGROUNDED 

TWO-PHASE, FIVE-WIRE 
GROUNDED 

All conductors except neutral mut 
have overcurrent coils 

THREE-PHASE, THREE-
WIRE TRANSFORMER 
NEUTRAL GROUNDED 

All conductors must have °vestment 
ads. 

OR 

THREE-PHASE, THREE-
WIRE UNGROUNDED 

TWO-PHASE, THREE-
WIRE GROUNDED 

Unprotected conductors must always 
he connected to grounded bus bar. 

TWO-PIIASE, FOUR-
WIRE UNGROUNDED 

THREE-PHASE, FOUR-
WIRE UNGROUNDED 

THREE-PHASE, THREE-
WIRE NEUTRAL GROUNDED 

All conductors must have overcorrect All conductors must have overeurrent 
sea& coda 
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Full uolcage 

Autotransformer 

D-C THREE-WIRE 
UNGROUNDED 

Series react. 
THREE-PHASE, FOUR. 

WIRE GROUNDED NEUTRAL 

D-C TWO-WIRE 
GROUNDED 

Coil and breaker contact must be 
unwind in ungrounded conductor to 
protect ageing a fault to the ground. 

D-C THREE-WIRE 
GROUNDED NEUTRAL 

Unprotected conductors must always 
be connected to neutral. 

D-C THREE-WIRE 
GROUNDED or UNGROUNDED 

NEUTRAL 

D-C TWO-WIRE 
PARALLEL OPERATION 

D-C TWO-WIRE 
UNGROUNDED 

D-C GENERATOR, 
THREE-WIRE and EQUALIZERS 

Overcurrent coils measure total arma-
ture current and give correct protec-
lien. 

THREE-PHASE, THREE. 
WIRE GROUNDED 

D-C TWO-WIRE 
GROUNDED NEGATIVE 
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The following schematic diagrams give the vari-
ous means of controlling electrically operated air 
circuit breakers. 

Schematic dia-
gram showing relay, and 
shunt trip. Control switch 
with momentary contacts. 

-Schematic dia-
gram showing relay, and 
undervoltage trip. Control 
switch with momentary 
closing contact and main-

tained irip coniuct. 

Schematic dia-
gram showing anti pump 
relay and shunt trip. Con-
trol switch with contacts 
either maintained or mo-
mentary. Omit one CR.? 
contact when used for KA. 

Schernotic dia-
gram showing trip free re-
lay and shunt trip. Control 
switch with momentary 

contacts. 

F—Fuse 
CS-C—Control switch—close 
CS-T—Control switch—trip 
CR—Control relay 

CR 1—Control relay contacts, closed when pick up coil is energized 
CR 2—Control relay contacts, open only when pick up coil is deenergised 

and holding coil is energized 
HC—Control relay, holding coil 
PC—Control relay, pick up coil 
a—Contact closed when circuit breaker is dosed 
b—Contact closed when circuit breaker is open 
bb—Contact closed when cloning solenoid is in nonopentted position 
CC—Circuit breaker closing coil 
TC—Circuit breaker trip coil 
UV—Circuit breaker undervoltage trip coil 
C—Green indicating lamp 
R—Red indicating lamp 

EC) 

N 

E0 — 1— 

BACK OF BOARD I 

1 i _ i___ 
i 1 I i L wr_r_c5.rvvv_ J I 

Typical connection diagram for algebraic overcurrent 

and reverse current tripping devices used on 5-pole d-c 

generator circuit breakers. 

This device consists of laminated iron stacked 
together so as to surround the equalizer and one 
maifl lead of the circuit breaker. A pivoted arma-
ture cooperates with the electromagnet, and the 
distance between it and the magnet is governed by 
a movable stop. A time delay feature is usually 
added to the device. A calibrated scale is provided 
to indicate various tripping current values corre-
sponding to armature position. 

The magnetism produced is at all times pro-
portional to the algebraic sum of the currents carried 
by both the main and the equalizer lead and, there 
fore, accurately represents the armature current. 
In other words, the algebraic overload device takes 
due account of the direction of flow of the equalizer 
current. If the equalizer current is flowing in the 
same direction as the current in the main lead its 
effect on the overcurrent device is added to that 
produced by the current in the main. On the other 
hand, if the current in the equalizer lead is flowing 
in the opposite direction to that in the main, its 
effect on the overload magnet is to counteract, in 
proportion to its magnitude, the magnetism pro-
duced by the current in the main. 

It is apparent that this special overload device 
is subjected at all times to the algebraic sum of the 
current in the main and the equalizer. This alge-
braic sum represents the true armature current. 
Therefore, with overcurrent devices actuated by the 
true armature current, complete protection and 
immediate disconnection without damage are 
assured. 
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CONTROL 
PELA 

ALLIS-CHALMERS CIRCUIT BREAKER CONTROL SWITCHES 

ROTARY - TYPE 153 - CONNECTION DIAGRAMS 

'CLOSE 'AND ‘TRIP ' 

ON DIFFERENT SOURCES 

CONTROL 
RELAY — 

CLOSING 
COIL 

INDICATOR LAMPS 

ON SEPARATE WIRE 

AUX. 
SW'S. 

CONTROL 
RELAY 

CLOSING 
COIL 

INDICATOR LAMPS 

ON TRIP WIRE 

BACA' OF BOARD VIEW 

Circuit Breaker Control Switch, with lamp cut-out. 

CLOSING 
COIL 

TN TRIP SOURCE 

CLOSE TRIP 

TRIP CLOSE 

PULL FOP 
LAMP CUT ou 

NAME PLATE 
FU 

CONTACTS 
POSITIONS 

CLOSE NORMAL TRIP PULLOUT 

I-2 X 

J-1 X X 

• 5-6 X X X 

DRUM DEVELOPMENT 
(3PRING RETURN) 

BELL 

BELL B4/5 

RELAYS 

MO LAMPS 

CONTROL 
RELAY — 

2 / 

6 5 

e 

TRIP 
COIL 

AUX 
SW'S. 

CLOSING 
COIL 

BELL FOR AUTOMAT'C TRIP 
INDICATION 

(LAMPS ON SEPARATE WIRE) 

 1.1 
RELAYS 

CONTROL 
RELAY 

IND LAMPS 

TRIP 
COIL 

AUX 
SW'S. 

CLOSING 
COIL 

WHITE LAMP FOR AUTOMATIC TRIP 
INDICATION 

(LAMPS ON SEPARATE WIRE) 

CLOSe TRIP  

TRIP CLOSE 

OULL FOP 
LAMP CUT OUT 

NAME PLATE 
Fie 

CONTACTS 

POSITIONS 

CLOSE 

NORMAL 

AFTER 
CLOSE 

TRIP 
NORMAL 
AFTER 
TRIP 

PULLOUT 

1-2 X 

J-4 X X 

5-6 X X X X 

7-8 X X 

Circuit Breaker Control Switch, with automatic trip indicator 

DRUM DEVELOPMENT 
(3PRiNG RETURN) 
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ALLIS-CHALMERS CIRCUIT BREAKER CONTROL SWITCHES 

ROTARY - TYPE 153 - CONNECTION DIAGRAMS 

CONTROL 
RELAY 

RELAY 

reP 
COIL 

/NO 
LAMPS 

à 

J 

9 

 )8ELL 

ALARM 
BUS 

Lid 
AUX. 
SWS. 

CLOSING 
--- COIL cutout and two automatic trip indicators 

ÇLOSE EL 
t ; I 

I 

1 
I LAMP 
/cur our 

PULL FOR 
LAMP 
CUT OUT 

NAME PLATE 
I I WIZTACT F 

CONTACTS 

POSinoNs 

CLOSE 
NORMAL 
AFTER 
CLOSE 

MP 
NORMAL 
AFTER 
TRIP 

PULLOUT 

J-4 X 
5-6 X X 
7-8 X X X X 
9- IO X X 
II- /2 X X 
/I- II X X 

DRUM DEVELOPMENT 
(SPRING RETURN) 

Circuit Breaker Control Switch, with lamp 

(-I 

D.C. CONTROL BUS 
•  

RELAYS 

CONTROL 
RELAY 

IND. 
LAMPS 

CLOSING 
COIL 

2 

6 5 

e 7 

TRIP 
COIL 

t. 
AUX. 
SWITCH 

0 C B. 

CON T. SW. 

CONTROL 
RELAY 

CLOSING 
COIL 

NO. 
LAMPS 

--oe 70  

1 
0.0 .15 

CON T. SW 

TRIP 
COIL 

AUX. 
SWITCH 

CLOSE TRIP 

TRIP X CLOSE 

PULL NAME PLATE 
FOR 
LAMP CUTOUT (r v.) 

LAMP CUT-OUT 

CONTACTS 
POSITIONS 

TRIP NORM.GLOSE Pot iir 

I - 2 X 

3-4 X X 

5 - 6 y y 
7 - 6 X x X 

DRUM DEVELOPMENT 
SPRING RETURN 

Circuit Breaker Control Switch, for double 
bus system 
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RELAYS. 
A RELAY IS A MAGNETICALLY OPERATED SWITCH that 

r-  1 can be used to: 
1 iI 1. Control circuits distant from the operat- I INSULATION. - A 

ing point. I I 

2. Control a relatively high voltage or high I -I-I- - - I 
wattage circuit by means of a low power, ICT1 — I 1 

1 1 j Ls 1 1 low voltage circuit. 
I 1 2 I I 3. Obtain a variety of control operations I - III I I 

not possible with ordinary switches. 
I TI I 

Whether the circuits controlled will be closed or IC 1 1 i__   —0 b b I 
opened when the relay coil is energized will de- 1 

L 0 M C_ pend upon the arrangement and connection of the 
relay contacts.  

ACTION 

When current flows through the relay coil,itimg-

netizes the iron core with a polarity that depends 

upon the connection of the coil to the source. 

This pole induces in the iron section of the mov-

able assembly, a pole of opposite sign, and the 
attraction between these operates the relay 

switch. If the current through the coil is re-

versed, both poles are reversed; therefore at-
traction always occurs. From above it is obvious 

that relays can be designed to operate on either 

direct or alternating current. 

It is important to note that while relays may 
vary widely in mechanical construction, they all 
operate on the same principle. The sketches on I CT. 
this sheet show some of the differences in design. 

TESTING 

Before any attempt is made to connect a relay in 
a circuit: 

1. Make a sketch of the terminal locations 

2. Test and identify all terminals 

3. Make sure the relay is operating 

Using an ordinary test lamp circuit, first find 
the pair of terminals that, when the test leads ICI 
are placed on them, causes the relay to operate. 

These are the coil terminals. Identify them on CT. 
the terminal sketch with the symbols CT. Next 

locate by test, inspectioA, or both, the open, 

moving, and  closed contact terminals. Mark them 

on the terminal sketch with ehe symbols 0, M, and 

C respectively. 

After the terminals have been identified, check 0 

the operation. The relay should pull the movable • 

section up as soon as the coil is energized, and 
drop it out as soon as the coil is deenergized. 

The moving section should not touch the core, and 

the tension on the spring should not be too low 

or too high. The -relay switch contacts must be 

clean. 

Connecting a relay in a circuit without first 

making the above tests is, in the general case, 
an inefficient and time wasting procedure. 

WESTERN UNION RELAY. 

D: NORMALLY CLOSED COIITACT 
0: OPEN 

M:MOVING CONTACT. 
1= MAGNET COIL WITH TERMINALS CT. 
2= Senme. 

I — 
'CT. 

INSULATION. 

B ' 

C 

I 

2 I I 
I 
I 
I 

M CI: 

PONY RELAY. 

INSULATION. C ' 

6 I 

0 1 

? 
_J 

1 

DIXIE RELAY. 

2 
CLAPPER 
TYPE 
RELAY. 

D 

CT 



360 RELAYS 

RELAY CIRCUITS. 

Diagram A shows an application in which a relay 
and a low voltage control circuit are used to op-
erate a circuit carrying more power at a niKher 
voltage. 

To wire this circuit: 

1. Make a note of the apparatus required. 

2  open circuit switches; 1 relay; 

1 lamp; 2 batteries. 

2. Test all apparatus involved and select 
and use only that equipmont that is in 
operating condition. 

3. Wire each circuit one step at a time, 

and check each step before wiring the 
next. 

4. Trace the circuits according to the 

method previously outlined. 

Diagram B shows a relay application similar to 

that indicated in A. In this case, however, the 
control circuit is normally closed, whereas in A 

the control circuit is normally open. The switches 
used are the closed circuit type. Note also that 

in diagram A the  open  contact of the relay switch 

is used in the power circuit, but that in B the 
closed contact is employed. The list of appara-

tus for this circuit will therefore be somewhat 
different than in the previous case. The proce-
dure for wiring will be the same as before. 

Diagram C shows relay applications in which a type 

of control not obtainable with ordinary switches 
is achieved. When switch 1 or 2 is pressed the 

relay switch closes the indicating circuit and 

the lamp lights and remains alight until switch 3 

is pressed, when the relay is energized and stays 
that way until some other switch is operated. 

Wire the circuit in 3 steps  and test each before 

going on to the next. The  first step is shown in 

solid lines, the second in dashed lines, and the 
third in dotted lines. Trace the circuits and 

show the color used in the boxed section. 

Diagram D shows another relay being used to ob-
tain a special type of control. Switches 1, 2, 

or 3 energize the relay and close the bell circuit 
through the relay switch. The bell rings contin-
uously until switch 4 is pressed to reset the re-

lay. 

Wire a step at a time as directed in diagram C 

then trace the circuits and show colors used. 

CONTROL CIRCUIT. 

POWER CIRCUIT. 

CONTROL CIRCUIT. 

POWER CIRCUIT. 

FIRST STEP   

SECOND STEP --  THIRD STEP   

FIRST STEP   

SECOND STEP THIRD STEP   

CONTROL CIRCUIT. 
ALARM CIRCUIT. 

HOLDING CIRCUIT. 

CONTROL cmcua. 

ALARM Clinton. 

HOLDING CIRCUIT. 
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RELAY APPLICATIONS 

••• 

Low resistance Track Circuit 
High resistance Relay Circuit 

sig 
• 

WHITE 
LIGHT 

Safety Signal Circuit 
Danger Signal Circuit 

RED 
LIGHT 

Railway crossing alarm system. When no train is on this section of the track, 
current will flow through the resistance "R" and the coil "C" of the high re-
sistance relay. This will attract the relay armature, and complete a circuit 
through the open bridge contact and the white lamp, (clear signal.) When this 
section of track is shorted by the train wheels and axle, most of the current 
will flow through this lower resistance path, thereby greatly reducing the cur-
rent through "C" and releasing the armature, closing the circuit to red lamp 
and bell, (danger signal.) An open circuit switch may be used in place of track 
on this job. 

JOB 35 

LOW VOLTAGE CONTROL CIRCUIT POWER CIRCUIT 

STAR1 
BUTTONS 

1 
2 
3 

• 

• 

A A A,  

STOP 
BUTTONS 

• 

R.C. LINE 

Starting Circuits Stick Circuit 

This diagram shows how a motor may be operated from several different places. 
Control systems similar to the above are often used to operate motors driving 
conveyors, printing presses, lathes, multiple drilling machines, and so on. 
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RELAY MAINTENANCE 

Typical Relay 

RELAYS 
In electronic apparatus, relays are used for the 

following functions: 
1. As contactor relays to close power circuits. Their 

contacts are designed to carry large amounts of 
current. 

2. As interlock relays to associate two different com-
ponents or circuits in such a way that one will not 
operate unless certain conditions are fulfilled by the 
other. 

3. As overload or underload relays to operate when the 
current or voltage in the circuit exceeds or drops be-
low the predetermined value. They are generally 
used to protect the equipment. 

4. As time delay relays to protect equipment. In 
general, this type of relay can be adjusted to operate 
after a period of a few seconds, or action can be de-
layed as long as 50 minutes. The time delay relay 
is usually used to allow a certain component to heat 
up before other potentials or components are 
turned on. 

5. Telephone type relays used in high speed sequence 
circuits and time delay circuits. Adjustments and 
cleaning of most relays of this type should not be 
attempted by the maintenance man unless the ad-
justing tools and instructions recommended by the 
manufacturer are available. It is usually better to 
stock spare relays and return defective relays to the 
factory. 

6. Special applications such as, when contact galvano-
meters are used to measure and control various 
things like temperature, carbon monoxide gas, or 
many other applications. 
Relay contacts are usually of two kinds—hard sur-

face or soft surface types. Hard surface contacts are 
made of various alloys. The soft surface contacts are 
of two kinds: Solid silver and silver-plated. Knowl-
edge of the kind of material used in the contacts is 
important. Improper cleaning of silver plated contacts 
will soon remove the plating. The care of solid silver 
contacts deserves special attention as they are made 
of soft metal which will wear away at an excessive rate 
if carelessly cleaned. 

FLAT CONTACT 

CONVEX CONTACT 

Relay Contacts 

Relay contacts are of various shapes, depending 
upon their size and application. In some instances both 
contacts are flat; while in other cases, one contact is con-
vex and its mate is flat. The original shape of a contact 
must be retained during cleaning. If burning or pitting 
has distorted the contact so that it must be reshaped, 
the original shape must be restored. It is essential 
that maintenance men familiarize themselves with 
all details of relays by examining them while they are 
in good condition. In this way they will be prepared 
to do their work well. 

Relays enclosed in glass, bakelite or metal cases re-
quire the removal of the cover for maintenance. Some 
relays are not covered but must be partially disassem-
bled in order to inspect contacts and completely dis-
assembled in order to clean the contacts. Some relays 
can be inspected and cleaned without being removed 
from their mountings or taken apart. Although specific 
instructions for removing relays are given under the 
individual maintenance items in the instruction book 
supplied with the apparatus, a few details apply to all 
relays and are presented here for general guidance. 
Before removing a relay, take these steps: 

Removing Relays 
L Examine the base of the relay to determine the 

location of the mounting screws. If possible, ex-
amine the other side of the panel and determine how 
the screws are fastened in place. Panels, covers or 
other parts often must be removed prior to the re-
mos,a1 of the relay. Determine what must be done 
before attempting to remove it. This will save time 
and prevent damage to equipment. 

2. Attach a tag to each relay terminal, with a number 
or letter on it; and attach a tag with the same identi-
fication mark to the associated connecting lead. 

3. Remove each lead from its terminal and bend it. 
carefully out of the way. When the leads are recon-
nected, match terminals and leads that have corre-
sponding numbers or letters. 

Inspecting Relays 
Inspect the relay to detect abnormal conditions. If 

the contacts are not readily accessible, they should be 
inspected with the aid of a flashlight and a mirror. 
The mechanical action of the relays should be checked 
to make certain that when moving and stationary con-
tacts come together they make positive contact and are 
directly in line with each other. The contacts must have 
the required "wipe" and "gap" for the particular relay. 
If an A.C. relay is excessively noisy, it is due to one of 
two reasons. First, the armature may not make a 

mechanically perfect union. Since it is usually a ground 
fit, any attempt to file it may make it worse. This re-
quires expert care or a new armature. The other cause 
is that the shading coil or short circuited copper wind-
ing embedded in the armature face has open circuited. 
A new coil or new armature is required. The armature 
or plunger mechanism should move freely, without 
binding or dragging. Do not damage or misalign the 
relay mechanism. A relay is considered normal if it 
meets all of the following requirements: 

I. The assembly is free from dirt, dust and other 
foreign matter. 

2. The contacts are not burned, pitted or corroded. 
3. The contacts are lined up and correctly spaced. 
4. The contact springs are in good condition. 
5. The contact moving parts travel freely and function 

in a satisfactory manner. (The solenoids of plunger 
type relays must be free from obstruction.) 

6. The connections to the relay are tight. 
7. The wire insulation is not frayed or worn. 
8. The relay assembly is securely mounted. 
9. The coil shows no sign of overheating. 

10. The relay is not abnormally noisy. 
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Tighten all loose connections and mounting screws, 
but do not apply enough force to damage the screw or 
break the parts it holds. Do not start a screw with its 
threads crossed. If a screw does not turn easily, re-
move it and start over again. 

Clean the exterior of the relay with a dry cloth. If 
it is very dirty, clean it with a cloth (or brush dipped in 
cleaning fluid) and wipe the surface with a dry cloth 
to remove the film left by the fluid. If connections are 
dirty and corroded, remove, clean and replace them 
carefully. 

(1))4-roco 

I 
® 0 

Relay Cleaning Tools 

1. Dental Mirror, Non-magnifying. 

2. Paint Brush. 

3. Lint-free Cloth. 

4. *0000 Sandpaper strip %" x 6". 

5. Sandpaper on stick, see Fig. 11 for construc-
tional details. 

6. Burnishing Tool. 

7. Fine-cut file. 

MAINTENANCE RELAY CONTACTS 

Hard alloy contacts will require the following main 
tenance: Clean dirty contacts by drawing a strip of 
thin, clean cloth or paper between them while they are 
held together. In some cases, it may be necessary to 
moisten the cloth with cleaning fluid. Use a dry cloth 
or paper strip for polishing. 

Clean corroded, burned or pitted contacts with a 
burnishing tool. This tool is not a file and is used on 
relays with extremely hard contacts. A contact should 
not be burnished unless it is found to be pitted or 
oxidized, and then not any more than is necessary to 
restore a smooth, clean surface. The original shape of 
the contact must be retained. 

Solid silvez contacts may be cleaned with a cloth or 
brush dipped in cleaning fluid. After cleaning, polish 
contacts with a dry cloth. The brown discoloration 
that is found on silver and silver-plated relay contacts 
is silver oxide, which is a good conductor. It should be 
left alone unless the contacts must be cleaned for some 
other reason. It may be removed with a cloth moist-
ened in cleaning fluid. 

Deeply pitted solid silver contacts will require shaping 
with a fine file or *0000 sandoaper. 

In cleaning solid silver contacts, insert fine sand-
paper between the contacts and draw it through them 
while the contacts are gently pressed together with the 
fingers, or, use sandpaper glued to a piece of wood 

NOTE—After using sandpaper, small particles of 
abrasive may remain on the contact surfaces and 
must be removed to assure good contact. 

Cleaning Relay Contacts 

When the corrosion has been removed, wipe the con-
tacts with a clean cloth moistened with cleaning fluid. 
The final operation in cleaning should be polishing 
with a dry cloth, so as to make sure that all of the grains 
of sand from the sandpaper are removed from the 
contact surface. Make certain that the shape of the 
contacts has not been altered from the original. 

Burned or pitted solid silver contacts should be re-
surfaced, if necessary, with *0000 sandpaper. The 
original shape of the contact should be retained. After a 
high polish has been obtained, wipe thoroughly with 
a clean cloth, using a cleaning fluid when required. 

Very badly burned or pitted contacts should be re-
placed, if possible. If a replacement is not available 
use a fine-cut file to remove the pit. The original shape 
of the contact must be preserved. After filing, apply 
*0000 sandpaper, and finally a clean dry cloth. 

Silver-plated contacts are cleaned with a cloth or 
brush dipped in cleaning fluid. After being cleaned, 
the contacts are polished with a dry cloth. When 
corroded, contacts should be cleaned with sandpaper. 
This must be done very carefully so as not to remove 
too much of the silver plating. When the corrosion has 
been removed, polish the contacts with a clean, dry 
clotn, making certain that the shape of the contact has 
not been changed. 

Silver-plated contacts that are badly burned or pitted 
should be replaced. If a replacement is not immediately 
available, the contacts may be dressed with sand-
paper until the burned or pitted spots are removed. 
If you find that the sandpaper does not remove the 
burns or pits, then use a burnishing tool very carefully, 
The use of a file on silver-plated contacts is recom-

mended for only extreme emergencies. 
Highly aorasive materials sucn as emery cloth, heavy 

sandpaper or carborundum paper should never be used 
for surfacing relay contacts as these materials will 
damage the contact surfaces. 

Adjust contact arms to the correct positions if they 
have been moved during cleaning. Take care not to 
change the settings of adjustable relays. The correct 
settings and proper means of adjustment for the con-
tactors and relays of a specific equipment will be found 
in the instruction book supplied with the equipment. 

Maintenance Sales Department 

Westinghouse Electric Corporation 
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WIRIRG DIAGRAMS  
[LASS 8501 A. C. MIMETIC RELAYS 

LINE LI NE CLOSED 
NORM. 

CLOSED 
NORM. NORM. 

OPEN 

CONTROL CIRC. CONS TEPRAORLA CT ICRC. CONTROL CIRC. 
SEPARATE 

CONTROL CIRC. I 

I Mi. r 

, 
NORM. 
OPEN 

TYPES H18-K18 

_ 

LINE 

TYPES H20 -K20 

LOAD 

TYPES H11- K11 

LOAD 

TYPES H15 -K15 

LINE LINE LINE 

SEP 
CONTROL C RC. 

SEPARATE SEPARATE 
CONTROL CIRC. CONTROL CIRC. 

. 

«RN N 
SI 
E I 

• OPEN CLOSE 

LOAD 

TYPES H22-K22 

MOTOR 

TYPE H 26 

LOAD 

TYPES H24 -K24 

NORM a 

LINE LI NE NORM. OPEN 

SEPARATE SEPARATE 
CONTROL CI RC. 

SEPARATE 
CONTROL CIRC. CONTROL CINC. 

. .. 

e e n 

« 
id 
e 

to 
C  

- 

OPEN I CLOSE 

1)  o 

OPEN 

1) , 
CLOSE rimmlift. 

OP II .4 1 CLOSC 

MOTOR 

TYPE K32 
1748-0S 

LI NE 

TYPE H28 

MOTOR 

TYPE K 30 

SQUARE D COMPANY 



RELAYS 365 

\V Es.rt NG to('s E REL tis 

TYPE CV VOLTAGE RELAYS—Continued 

Round Case Relays 

OUTLINE DIMENSIONS IN INCHES 

37? Drill CHoles) 
Top 

23 23 

¡Drill (4//o/es) 

H2161-1 

-TYPE CV RELAY, OVER OR UNDERVOLTAGE, NON-GEARliD OR 
GEARED, SINGLE-CIRCUIT CLOSING 

Note-Relays not to be mounted 
with less thon 7e centers. 

—TYPE CV RELAY, OVER OR UNDERVOLI-AGE, TWO-CIRCUIT 
CLOSING, NON-GE.ARED OR GEARED DOUBLE-TIIROW CONTACT, 

ONE-CIRCUIT OPENING, ONE-CIRCUIT CLOSING 

WIRING DIAGRAMS 

Moving Contact Stationary Contact /loving Contact 

Terminal Terminal Terminal 
• 

Operation Operation 
Indicator Indicator 

Contactor I Slider Contactor 
Switch Switch 

For trip cur-
rents less 
than 225 amp\ 
disconnect and • 
deadend this 
lead 

Terminal Coil 

n 
I   

for trip cur-
Coil C rents less 

thanZ 25 amp.' 
disconnect and \ 

Ounchines deadend this 
lead 

Terminal 

—SINGLE-TRIP, OVERVOLTAGE, TYPE CV RELAY 
REAR VIEW 

Slide Wires 
Coil A 

léreniel Coil 

Stationary Contact 

Terminal 

Coil C 

Punching' 

Terminal 

Coil A 

—SINGLE-TRIP, UNDERVOLT.AGE, TYPE CV RELAY 
REAR VIEW 
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W ESTINGHOUSE RELAYS 

TYPE CV VOLTAGE RELAYS—Continued 

WIRING DIAGRAMS—ContInued 

Upper Stationary Contact  Lower Stationary Contact 

Terminal 

Operation 
Indicator 

Contactor 
Switch 

for trip cur- ' 
rents less 
Ilion 225 wk.\ 
disconnect and \ 
deadend this 
lead 

Slide Wires 

II 
L _ 

 e"  

L Punchings 

TernoMal Coil 8 

Upper Stationary Contact 

/loving Contact 

Terminal 

Operation 
Indicator 

Terminals 

\ Moving 
Contact 

Contactor. 
Switch 

For trip car-
Coil C rents less 

than 2.25 amp.\ 
disconnect and \ 
deadend this 

Terminal lead 

Co//A Slide Wires 

-DOUBLE-TRIP, OVERVOLTAGE. TYPE CV RELAY-REAR VIEW 

Operation Indicator 

Terminals 

Contactor 
Switch / 

Slide Wire/ 

it 

For trip \ 
currents less\ 
than 225 amp ‘, 
disconnect arid \ 
deadend this lead.' 

Terminal 

Lower Stationary Contact 

- 

IL. --- ---
- o-1  

Terminal Coil 8 

Terminals 

/ Co/I C 

Punchings 

Terminal 

Coil A 

-DOUBLE-TRIP, UNDERVOLTAGE, TYPE CV RELAY-REAR VIEW 

Stationary Contact 
(High Voltage) /loving Contact 

Back Contact 

Terminal 

Slider 

SorF 

Con" 
Front View 

0-1 

Tap 

nchings 

Coil *C-

Terminal 

Coil 

This is the standard conn. with the incl. 
& contactor switch in the high voltage 
contact circuit. To put these in the low 
voltage, circuit interchange the lead be-
tween A & 3 with the circuit between 
B & 1 as shown in small diagram above. 

-SINGLE-POLE DOUBLE-THROW, TYPE CV RELAY 
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'wiz 23. 1941 WESTINGHOUSE RELAYS 

TYPE CV VOLTAGE RELAYS—Contlnued 

Rectangular Relays 

OUTLINE DIMENSIONS IN INCHES 

°Perin§ 
for thin 
panel rntg 

6,g 

73.12' 

lise scre.s 
for thin panels 

¿Dia. Dnr &core .190-..327érinscrews &studs 
(hbleste,u,o) (8/wes) 4-e0hountingsa-esseisturis 

lls studs 
fir thel(Pands 

2 

—TYPE CV RELAY, PROJECTION TYPE OUTLINE AND 
DRILLING PLAN 

7 

3- — 
6• 1 

5-

'/6 

6 
0 0 

,i5 13 
7 

5à — .-

Opening in Panel 

  14[ 

190-32 
Term 
Screws 

—TYPE CV RELAY, PLUSH TYPE FRONT MOUNTING 
OUTLINE 

NOTE—Ilse terminals I, 2,9, and 10 for single trip relays. For double trip relays use 1, 2, 3, 9, and 10. 

WIRING DIAGRAMS 

M01'179 contact, relay unener-
Moving contact relay unenergized, gized,over voltage-contacts open, 
overvoltage-contacts open,under under voltage-contacts closed 

Stationary voltage-contacts closed Stationary 
Contact • Terminal Contact 

Slider 

WO" 

coin"  

Coil"13\ SorF 

Front View 

Operation 
Indicator 
Contactar. 
Switch Terminal 

For te cur-
ents less than 
25ampedis-

connectddead 
end this lead 

Slide Wire Coil "0"  

 — Punchings Coil ",4" 

Use tap Per non-geared 
Use full coil forgeared 

Coll?"  

S 

or f 

Front View 

Operation 
Indicator 

Terminal 

Slide Wire 

  1 c, For trip cur-
 ' rent less than 

225omp.dis-
connect and 
o'eadend this 

le lead. 

Contactor 
Switch 

Slider 

 Punching., 

Use tap for 
all relays 

• Iv. —STANDARD UNDERVOLTAGE OR LONG Tail 
OVERVOLTAGE SINGLE TRIP CV RELAY 

—STANDARD OVERVOLTAG6 OR LONG TIME 
UNDERVOLTAGE SINGLE TRIP RELAY 
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TYPE CV VOLTAGE RELAYS—Continued 

WIRING DIAGRAMS—Continued 

w erstation_ Moving contact relay unenergized 
LoeserStation- ary Contact over voltage con tacts open under 
ary Contact voltage contacts cloied 

Terminal 

Slider I  

Coil   

ca7 ;4" I Cie 

Operation 
Indicator 

Contactor 
Switch 

For trip cur-
rents less than rc 2Scenpadis-  onnectd dead 
end this lead 

Slide Wire 

Punchings 

FrontView ilse tap for non-geared 
Useful/coil for geared 

—STANDARD UNDERVOLTAGE OR LONG TIME 
OVERVOLTAGE Dovaut TRIP CV RELAY 

Stationary 
Contacts 
(High 

Voltage) 

Moving 
Contact 

Slider 

Ilse tap 
fora I I 
relays 

Note- For 
geared re. 
/ay reverse 
connecban, 
between 'X\ 
4",0•Coils 

Coil S' 

SCreW.5;1 --.8-

Moving contact relay unener-
gizeo:over voltage-contacts open, 
under voltage-contacts closed 

Lower Stationary 
Contact 

Cori)" 

Co/1"A" 

Coil?" S or F 

Fronk View 

Operation 
Indicator 

Terminal 

Slide Wire 

Contactor 
Switch 

For trip cur-
rents less than 
225 amp. dis-
connect and 
deaa'end this 
lead. 

Slider 

Punchings 

Use tap for 
all reloys 

—STANDARD OVERVOLTAGE OR LONG TIME 
UNDERVOLTAGE DOUBLE TRIP CV RELAY 

Ito vable8ackConlociftowVoltage) 

S 
SorF 

Front View 

- Terminal 
Flexible 

Operation 
Indicator 
Contactor 
Switch 

For trip cur 
rentsless than 
225 amps.dis-
connect and 
ead end this 
lead 

Slide Wire 

Punchings 

Coil 'D" 
Coil A" 

This is the standard arrangement with indicator and contactor switch in series with the high 
voltage contacts (See Schematic #p. To put the indicator in the low voltage circuit, inter-

change the lead between A and 3 with the circuit between B and 1 as shown in Schematic #2. 

Schematic*/ Schematic*2 
—SINGLE-POLE DOUBLE THROW CV RELAYS 
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W ESTINGHOUSE RELAYS 

TYPES MG-4 AND MG-4 MULTI-CONTACT AUXILIARY RELAYS—Continued 

Note: Contacts Shown "Make" But May Be f 
Assembled "Make" Or "Break" As Required 

Moving Contacts 

1 60-

180  

Stationary Contacts 

,7P7 Terminals 

Reset Coil (When used) 

120—*  C)11 

Operation Indicator Operating Coll , 
(When used) 

Rear View 

 051 

WIRING DIAGRAMS 

All Stationary Contacts May Be 
Reversed To Close The Circuit 
When The Coil Is De-Energized. 

—0 

Stationary Contact --_,Y 

///i 
Moving Contact--/ 

Operating Coil 

Terminal 

-2 * 
Front View 

All Stationary Contacts May Be 
Reversed To Close The Circuit 
When The Coil Is De-Energized. 

Stationary Contact 

\‘'2 
rir 

Moving *Contact 

Un-Latch oil 

Operating Coil 

Front View 

Terminal 

— W IRING DIAGRAM OF TYPE MG RPLAY, —W IRING DIAGRAM OF TYPE MG RELAY, — W IRING DIAGRAM OF TYPE MG RELAY, 
FOUR CONTACTS IN STANDARD CASF. POUR CONTACTS WITH OR WITHOUT CONTACT PJ, IR CONTACTS, CONTACT LATCH WITH ELEC. 

LATCH AND HAND RESET TRICAL RESET AND HAND RESET 

Note: Contacts Snown "Make" But May Be 
Assembled "Make" Or "Break" As Required 

Moving Contacts 

60  

8o  

10 (1.) 

Operation 
Indicator 1Then Used) 

\,‘ 
*\'‘;  

Stationary Contacts 

II  

Terminals 

II  

17 0 
k Reset Coil 

•:%4--(When Used) 

18 

Rear View 

1)9 

W IRING DIAGRAM OF TYPE MG RELAY 
SIX CONTACTS, IN STANDARD CASE 

11 

All Stationary Contacts May Be 
Reversed To Close The Circuit 
When The Coil Is De-Energized. 

Operating Coil Terminal 

Stationary Contact .‘ 

2 \‘2 

Operating Coil 

l (Dr 

Terminal /  

Front View 

All Stationary Contacts May Be 
Reversed To Close The Circuit 
When The Coil Is De-Energized. ' 

Stationary Contact 

11 0 
Moving Contact 

Front View 

—W IRING DIAGRAM OF TYPE MG RELAY, — W IRING DIAGRAM OF TYPE MG RELAY, 
SIX CONTACTS, WITH OR WITHOUT CONTACT RIX CONTACTS, CONTACT LATCH, WITH &EC-

LATCH AND HAND RESET TRICAL Reser AND HAND Resin. 
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WESTINGHOUSE RELAYS 

TYPES CO AND COH OVERCURRENT RELAYS—Continued 

CONNECTION DIAGRAMS—Continued 

ea. 
DA.R_ 

IMP COIL 
/•,••• C ASK P•dASZ A 

erCV/IVP 

 • 

AR C 

e 

AkAet Ho», 

Cith Grounded Neutral System for Conspiere Phase and Ground Protection. 

cure 
oree. 

Lo 

eera—L 

AWASt C //MSC A 

• 0 C 

Rum View 

With Ungrounded Neutral 

Note No Protection for Simultaneous Ground Fault on Phase B and tit 
Generator. 

— EXTERNAL CONNECTIONS USING C IRCUIT CLOSING CO RELAYS 
oN 3 PHASE SYSTEMS 

(IR. 
Ofrete. 

T FtIP 
Colt_ 

NEki_ 

POST" — 

Pew, VIlp•I 

CI R. 

/9/KR. 

A 

PHASE / 

PHASE Z. 

TRIP 
COIL 

 NE6. 

POS. 

P ela V, eve Peal. VIII 11, 

ru 

— EXTERNAL CONNECTIONS FOR SINGLE AND TWO PHASE 
SYSTEMS 

0 0 0 

0 0 

CIRCUIT BREAKER 

TRIP co/Ls 

2 10 

9 

A 
8 

8  
2-1>e- 2 ° 

10 le\,.ek9 

9 PEAR 
VIEW 

2 

CS 

A B C 

CS 
 /0 9  

REAR VIEW 

R EAR VIEW 

— EXTERNAL CONNECTIONS U SING CIRCUIT O PENING CO R E-
LAYS FOR PHASE OVERLOAD PROTECTION AND CIRCUIT CLOSING CO 

FOR G ROUND PROTECTION 
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Career Switch 

WESTINGHOUSE RELAYS 

TYPES CO AND COH OVERCURRENT RELAYS—Continued 

WIRING DIAGRAMS 
Standard Case —(Rear Views) 

Operation rilacator 

CO 

( 

 o 

—SINGLE Ti CO AND COH 

CO IT 

lautaalasere Yelp ittaciraul 

RELAYS 

—SINGLE TRIP CO AND COH Itzuas WITH 
INSTANTANEOUS TRIP ATTACHMENT 

Operation Indicator 

Caret« Switch 

_J 

Operation Wirt« 

8 5 / 0 

Contactor Sire, 

—DOUBLE TRIP CO AND COH RELAYS 

CO IT 

DOUBLE TRIP CO AND COH RELAYS WITH 
INSTANTANEOUS TRIP ATTACHMENT 

Amultary Treaelormer 

—CIRCUIT OPENING INVERSE 
A/4D VERY INVERSE CO RELAY —CIRCUIT OPENING DEFINITE Tuts CO RELAY 
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WESTINGHOUSE RELAYS 

TYPES CO AND COH OVF—RCLIRRENT RELAYS—.Geffliewied 

WIRING DIAGRAMS—Continued 

(Rear Views) 

Operation CO s 
Indicator 

CS 

Contactor Switch IT I 

Instantaneous Trip co rr 
Attachment When 
Used   

—SINGLE TRIP CO AND COB RELAYS 
IN ROUND CASE 

Operation 
Indicator 

Contactor 
Switch 

Transformer 
WInduig on 
CO Element 

Operation 
Indicator 

Contactor 
Switch 

Auxiliary 
Transformer 

—CIRCUIT OPENING DEFINITE TIME 
CO RELAY IN ROUND CASE 

Operation 
Indicator 

Contactor 
Switch 

Instantaneous Trip 
Attachment When 
Used 

—DOUBLE TRIP CO AND COB 
RELAYS IN ROUND CASE 

Ter:mamas 

-CIRCUIT OPENING INVERSE AND VERY —THREE ELEMENT CO RELAY 
INVERSE CO RELAYS IN ROUND CASE IN STANDARD CASE 
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Reverse Phase Relay 

POWER WIRE, 

CI FUSE 

11EUTIML WIRE 

WHEN PHRSE 

TO 
MOTOR 

Two or Three Phase, 
Three ¡fire 

Wires V and Z are to 
he connected in series 
‘‘ith line contactor col. 
or common irr of mag-
netic reversing switches. 
‘‘'hen connecting to a 
Two or Three Phase 
Three Wire circuit, 
connect One terminal of 
cadi coil together with 
a jumper as illustrated 

polarn 

TO 
110 TOP 

PHASE REVERSAL 

Two Phaie, Four Wire 

It is a well known fact that the reversal of one phase of a polyphase circuit will cause 
the motor to rotate in the reverse direction. In the case of elevators, hoists and cranes a 
reversal of motor rotation is almost certain to result in either injury to persons, or damage to 
product or property, with the probability that all will occur. 

In addition to elevators, hoists and cranes, motor driven machinery of any kind is liable 
to serious damage or destruction on account of motor reversal which is caused by phase 
reversal, and the use of the Reverse Phase Relay is therefore, desirable for even con-
tinuously running motors. 

If a phase reversal occurs while the motor is running the ÍES) Reverse Phase Relay 
acts to open the main motor circuit which stops the motor. Or if the motor is not running 
it acts to prevent it being started until the phases are restored to their normal order. 

PHASE FAILURE 

The (ES) Reverse Phase Relay also provides protection against phase failure of the 
power which otherwise might result in motor burn out. 

If the load is approximately the full load capacity of the motor, the motor will stall if a phase 
failure occurs, and the Reverse Phase Relay will open the magnetic switch control circuit 
which will prevent the motor burning out or being started again until the phases are restored. 

LOW VOLTAGE 
If there is an appreciable drop in voltage the motor will stall and the ES) Reverse 

Phase Relay will open the control circuit of the magnetic switches thereby preventing the 
burning out of the motor. 

When there is an appreciable drop in voltage, the torque developed in the Reverse 
Phase Relay is not sufficient to keep the contacts in the closed position and the Relay acts to 
open the main motor circuit. 

A spring is used only to maintain good contact. In case of phase failure the contacts 
are opened by the force of gravity, but in the case of reversal of one phase the force of gravity 
is augmented by the force exerted by the coils turning the aluminum vane to the right. 
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Se•ncie-,. 

SerhWer 

POSITION INDICATORS. 
Position indicators are employed to transmit 
motion by electrical means between points 
which cannot be readily connected mechani— 
cally. In Figure A rotation of the arm on 
the sender rheostat varies the current 
through the receiver which is used as a re— 
ceiver. When properly calibrated, the meter 
needle motion will be proportional to the 
motion at the sender. Thus the amount of 
gasoline in the tank may be indicated on the 
instrument panel of a car. 

Figure B shows a similar arramgement except 
that clockwise rotation of the sender in— 
creases the voltage applied to the receiver 
and the deflection is in proportion to it. 

Diagram C shows a bridge type circuit in 
vhich the meter needle is returned to zero 
Dy manipulating a rheostat at the receiving 
end. When balanced, both rheostat arms are 
in identical positions. 

There ate many other circuit arrangements 
Out the basic operating principle is the 
same. The electrical method is particularly 
suited to most applications because the units 
may be any distance apart, and several re— 
ceivers may be attached to one sender. 

fie ceirepi: 

1 //OE. SELSYN UNITS. 

Ser /9e.ceirer: 

If two small motors of the type shown above are connected together and the rotors 
are energized from a single phase A.C. source, the varying flux produced by the 
rotors will induce voltages in the stator windings. If the rotors are in identical 
positions, the induced stator voltageb will be in direct opposition and no current 
will flow in the leads connecting the stators together. Should one rotor be moved, 
this voltage balance is disturbed and current will flow through the other stator 
winding in such a direction as to cause its rotor to move to a corresponding posi— 
tion. This self synchronizing action which is characteristic of many types of 
A.C. motors is utilized in the Selsyn position indicator. 

With the indicators arranged as shown, movement of the sender rotor is duplicated 
by the receiver and, whether the sender is rotated through a small angle or several 
revolutions, the receiver follows the motion exactly. Where several indications 
are required, several receivers may be attached to the same sender. In this way 
motion of the sender may be reproduced at any number of remote points. 

C'el*yeser. 
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SELSYNS 
For Remote Signaling, Control, and Indication 

SELSYN DEVICES 

Standard-type level indicator 

Combined indicator and recorder 

Standard-type signal indicator 
Control bench, with Selsyn indicators 

for double-bascule bridge 

DESCRIPTION AND OPERATION 

" CELSYN" is a General Electric trademark for 
self-synchronous devices. These devices are 

similar to 3-phase induction motors, but have two 
definite field poles, the windings of which are 
connected to a single-phase, alternating-current 
source of excitation. Two of these units are used in a 
simple Selsyn system. One is operated at the send-
ing point as a generator and is called the trans-
mitter; the other is operated at the receiving point 
as a motor and is known as the receiver. The sec-
ondary windings of the transmitter are connected to 
those of the receiver, as shown in the diagram be-
low. 
When the primary excitation.circuit is closed, an 

alternating-current voltage is impressed on the 
primary of both the transmitter and the receiver. 
Since the receiver rotor is free to turn, it assumes a 
position similar to that of the transmitter rotor. As 
the transmitter is turned (either manually cm me-
chanically), the receiver rotor follows at the same 
speed and in the same direction. 
The reason for this self-synchronous action is 

because the single-phase current in the primary 
induces voltages in the three legs of each secondary. 
These three voltages are not equal in magnitude, 
and vary with the position of the rotor. When the 
two rotors are in exactly corresponding positions, 
the voltages induced in the tranSmitter secondary 

Connection diagram showing interconnected stator 
windings and rotor windings connected to source 

of excitation 
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are equal and opposite to those induced in the re-
ceiver secondary; that is, they are balanced, so 
that no current flows in the secondary windings. 

If, however, the transmitter rotor is moved from 
the original position, the induced voltages are no 
longer equal and opposite, and current flows in the 
secondary windings. This current flow sets up a 
torque which tends to return the rotors to the 
synchronous position. This position corresponds to 
the new position of the transmitter. 

I. 
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SELSYNS 

FEATURES 

Selsyns are strong and compact. There is no 
complicated assembly of parts that requires adjust-
ment and there are no delicate parts to get out of 
order. An important characteristic of the Selsyn 
is its comparatively high torque, which prevents 
the indicator pointer from oscillating when it 
swings into position. An internal mechanical 
damper is furnished with the Selsyn receiver in 
order to prevent oscillation when synchronizing, 
and to overcome any tendency of the receiver to 
run as a motor. Features which make this system 
desirable for the service to which it is applicable are: 

Reliability. All parts are designed for long life. 
High-grade ball bearings are used in the rotors to 
insure accuracy and to reduce maintenance. 
Collector rings and brushes are used to assure an 
uninterrupted flow of current. 

Accuracy. Selsyns are exceptionally accurate 
because of a careful balance of electric and me-
chanical parts, and the use of low-friction bearings. 

Continuous Indication. Operation of the in-
dicator (motor) is definite and at all times in 
agreement with the transmitter (generator). The 
movement is smooth and continuous. 

Instantaneous Response. The indicator re-
sponds immediately to the changes of position of the 
transmitter. There is no hesitation in starting. The 
transmitter moves, and the indicator follows 
instantly. 

Self-synchronous. If power fails, the indicator 
is automatically reset in agreement with the 
transmitter on resumption of power. Necessity of 
removing the cover and resetting the rotor by 
hand and then checking back and forth with the 
transmitter is obviated. 

Convenient Location. The indicator may be 
located wherever desired. It is small and compact, 
and may be mounted on a panel, pedestal, wall or 
desk, in brief, in the most advantageous posi-
tion. 
Ease of Installation. It is necessary only to 

bolt the devices in place and run a few wires. 

Multiple Indication. When used for indication, 
one transmitter may be used with several properly 
sized indicators so that indication and signals can 
be made simultaneously at several places. 

Selective Operation. For indication and signal-
ing, one transmitter, if desired, can send to a 
number of indicators, one at a time. This is 
accomplished by a selector switch mounted with 
the transmitter. 

Scope. Selsyns can be used to indicate either 
linear or angular movement. They can also be 
used to control, from a distant point, the motion 
of a device by controlling its actuating element. 

Serviceability. The Selsyn system installed on 
the control boards of the Panama Canal locks is 
operating as efficiently today as when it was 
first operated in 1914. 

Wound rotor, with damper for Selsyn Model 2JD55JA1. Left: View of damper removed 

TWO CLASSES OF SELSYNS 

There are two general classes of requirements 
which Selsyns must meet: in some cases, it must 
be an exceptionally quiet unit of very high accu-
racy; but for general-purpose applications, an 
inexpensive, fairly accurate unit not having to 
meet stringent noise requirements may be accept-
able. To meet the first requirement, the following 
Selsyns have been developed: 

Instrument High Accuracy Type 
2J55JA1. This model develops a maximum 

safe continuous operating torque of 2.7 in-oz., 
which occurs at 20 degrees displacement. This unit 
has a primary winding suitable for 110-volt 

excitation and a secondary winding developing 55 
volts. The accuracy of this unit is tested at the 
factory and must be within the limits of 1 
degree. The bearings are high-quality ball bearings, 
lubricated at the factory, and require but little 
attention in the field. The unit is totally enclosed, 
dustproof, and very compact, although extremely 
sturdy. 

2JD55JA1. This model is identical with the 
2J55JA1 except that it is equipped wtih an oscilla-
tion damper. This oscillation damper has a braking 
effect on the oscillations which may develop as a 
result of overshooting. 
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N.E.M.A. INDUSTRIAL CONTROL STANDARD DEVICE MARKINGS 

THE MARKINGS GIVEN BELOW ARE INTENDED FOR USE ON DIAGRAMS IN CONNECTION WITH SYMBOLS TO INDICATE THE FUNCTION OR USE OF THE PARTICULAR DEVICE 

Armature Acceleration A 
Armature Shunt AS 
Aux. Sw. (Breaker) Nor-

mally Open 
Aux. Sw. (Breaker) Nor-

mally Closed "b" 
Balanced Voltage BV 
Brake BR 
Compensator-Running MR 
Compensator-Starting MS 
Control CR 
Door Switch DS 
Down D 
Dynamic Braking DB 
Field Acceleration FA 
Field Deceleration FD 

Field Discharge FD 
Field Dynamic Braking DF 
Field Failure (Loss of 

Field) FL 
Field Forcing (Decreasing 

on Variable Voltage) DF 
Field Forcing (Increasing 

on Variable Voltage) CF 
Field Protective (Field 
Weakened at Standstill FP 

Field Reversing FR 
Field Weakening FW 
Final Limit - Forward FLF 
Final Limit- Reverse FLR 
Final Limit--Hoist FLH 
Final Limit-Lower FLL 

Final Limit-Up FLU 
Final Limit-Down FLD 
Forward F 
Full Field FF 
Generator Field GP 
High Speed HS 
Hoist H 
Jam 1 
Kick Off RO 
Landing LD 
Limit Switch LS 
Lowering L 
Low Speed LS 
Low Torque LT 
Low Voltage LV 
Master Switch MS 

Maximum Torque MT 
Middle Landing MLD 
Main or Line 
Motor Field MF 
Overload OL 
Pilot Motor PM 
Plug 
Reverse 
Series Relay SR 
Slow Down SD 
Thermostat TS 
Time 
Up U 
Undervoltage UV 
Voltage Relay VR 

CONTACTORS (NORMALLY OPEN CONTACTS) CONTACTORS 

I POLE 2 POLE 3 POLE 4 POLE 1 POLE 1 POLE WITH 
SACK CONTACT 

SYNCHRONOUS 
MOTOR FIELD 

ACCELERATING 
WITH 2 N.O. 

AUX. CONTACTS 

1 1 1 

1 111  

ITTÎ 
DN-140 

..?. 

I I 1 
-01 I 

DN-321 

I 

N 

m 

2" 

AT 

RELAYS 

OVERLOAD 
TIME VOLTAGE 

OR CURRENT 
3 NORMALLY OPEN 
3 " CLOSED I POLE 2 POLE 

c'44-0 

c.:i,f 

TL 

ICU 

TG 
T 
I KU TIC 

- 
ciS011 

°"1 .4j  

HI 

1 1 1 

e 
DS 

T2 
0.--it--0 

I Ti M o 

=Time 
=Instant. 

TYPICAL WIRING DIAGRAM TYPICAL ELEMENTARY DIAGRAM 
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Speed Control Characteristics of Fractional Horsepower Motors 

For some types of motors, such as standard, synchron-
ous, or induction motors, it is impractical to obtain speed 
control. In fact, it is their fixed or steady speed under 
varying loads which makes synchronous and induction 
motors so ideal for many applications. Their speed can be 
controlled, of course, by changing the frequency of the ap-
plied current, but this method is not commonly used for 
fractional horsepower motors. 
Shaded pole and split-phase motors with high-resistance 

rotors may be operated with some reduction in speed by 
inserting resistance in the stator circuit. The speed of cap-

acitor motors may be con-
trolled by employing a high-
resistance rotor and shunt-
ing an adjustable resistor 
across the capacitor. 

There are two general types of speed control: stepless 
control with all possible intermediate speeds over a required 
range; and step-by-step control which limits control to two 
or more definite speeds. 
SERIES MOTORS. The 

simplest method of control-
ling the speed of a series mo-
tor is to connect an adjustable resistor in series with the 
motor. The speed for a given load decreases as the con-
trol resistance is increased. If enough resistance is added, 
the motor can be decreased to a standstill, but a re-
duction in speed of 50% is usually considered the prac-
tical limit. In all cases, the speed is highly sensitive to 
load changes. The slightest increase or decrease in load, 
due to friction in bearings, belts, gears, and other parts, 
causes a change in motor speed. This is a characteristic 
of all series motors, and nothing can be done to prevent 
it except to use governor control, discussed later. There 
are many applications, however, in which load conditions 
are quite uniform at all speeds, and for such applications, 
the series motor is very satisfactory. A series motor can 
also be controlled by shunting an adjustable resistor across 
the armature. 

Although the control range 
is somewhat less, the speed is 
likely to be more stable, and 
the starting torque is better because of the stionger field. 
Another way to get series motor speed control over a 

wide range, and still retain 
reasonable stability at low 
speeds is to connect a fixed 
resistor in series with the 
armature and use a variable 

resistor across armature. combination, however, re-
quires an actual test with the proper load to determine 
the necessary resistance values and wattage ratings of the 
resistors. If this is not done carefully, the resistors may 
burn out. Such testing is also needed to assure maximum 
speed stability. 

SHUNT MOTORS. It is 
common practice to regulate 
the speed of shunt motors 
by inserting resistance in the 

shunt field circuit. This weakens the magnetic field which, 
in turn, speeds up the motor. Such field control provides 
stable motor speeds at light loads provided the magnetic 
field is not appreciably weakened. To reduce the speed of 
a shunt motor, resistance 
must be added to the arm-
ature circuit. 
Another way to reduce the 

speed of a shunt motor is to 
shunt an adjustable resistor 

I. 

-to 0 0 al o 61  

(potentiometer or voltage 
divider) across the line, with 
one armature lead connected 
to the movable contactor of 
the resistor. The movement 
of the contactor lowers the 
voltage applied to the arm-

ature. By this method, the speed can be brought down 
fairly low without sacrificing good starting performance. 
This method, however, dissipates .energy continuously in 
the adjustable resistor and therefore is suited only for 
small motors and comparatively light loads. 
When speed regulation of shunt motor is required over 

a wide range, adjustable resistors must be inserted in both 
the shunt field and armature circuits. Weakening the 
shunt field reduces its start-
ing torque, shortens the 
brush life, and disturbs 
speed stability. When re-
sistance is used on the arm-
ature, circuit starting torque 
and speed stability are affected 
added resistance. 
GOVERNOR-CONTROLLED MOTORS. For certain 

fractional horsepower motor 
applications usually on se-
ries motors, but occasion-
ally shunt motors, electric 
governors offer the best so-

lution to speed control problems. The electric governor 
is a centrifugally operated switch which automatically re-
duces the current through the motor when it runs faster 
than the speed for which the governor is set, and restores 
the full line voltage when the speed falls below the setting. 
Form S governors (adjustable during standstill only) 

are recommended where utmost accuracy in speed adjust-
ment is desired. If a narrow speed range suffices for a job, 
the adjusted speed can often be held within 1%. 
Form R governors (adjustable during running) provide 

wide control with speed stability under widely varying loads. 
Both types require a small resistor and capacitor across 

the governor contacts to minimize sparking at contacts. 

mun r'  

in direct proportion to the 
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Single Step Control of Fractional Horsepower Motors 

In the January issue of the Motorgram, we presented 
a brief discussion of the gradual or stepless speed control 
characteristics of fractional horsepower motors. We sug-
gested several methods for obtaining intermediate speeds 
over a required range. One 
method, which was de-
scribed in the last Motor-
gram, will control the speed 
of a series motor over a wide 
range and still retain stability at low speeds. A hxed 
resistor is connected in series with the armature and a 
variable resistor is connected across both armature and 
fixed resistor. 

A modification of this 
method, which gives better 
results, is to connect a fixed 
resistor in series with the 
armature, and use a variable 

resistor, which is shunted like a potentiometer across both 
armature and fixed resistor, to apply a variable voltage to 
the armature. As shown in the second diagram, the mov-
able arm of the variable resistor is connected between the 
armature and the fixed series resistor. 

In both of the above methods an actual test under nor-
mal load is needed to determine the resistance values and 
wattage ratings of the necessary resistors. If this test is 
not done carefully the resistors may be underrated and 
burn out. Such testing is also needed to assure maximum 
speed stability. 
SINGLE STEP SPEED CONTROL. It is sometimes 

sufficient to change the speed of a series motor in one 
fairly large step. Such control can be accomplished by 
connecting a fixed resistor in series with the motor, and 
then using a switch or automatic contactor for short cir-
cuiting the resistor when FIXED P. 

full speed is desired. When rennffri:®:1-F, the switch switch or contactor is 

open, the fixed resistor is 
cut into the motor circuit 
and the motor speed drops. The higher the resistance of 
the fixed resistor, the slower will be the speed of the motor 
for a given load. The motor speed will remain constant 
only if the motor torque is not changed. With this ar-
rangement the starting torque is likely to be low if the 
motor is started with the fixed resistor in the circuit. 

Step speed control for a 
series motor can also be ob-
tained by shunting a fixed 
resistor across the armature. 
The speed is likely to be 

more stable and the starting torque better than if the 
resistor is in series with the motor, because of the stronger 
field. The shunt resistor circuit must be provided with a 
switch or automatic contactor to open the resistor circuit 
when full speed is desired. The switch is closed during the 

  •  

starting period or whenever the lower speed is desired. 

On alternating current variable or fixed transformers 
may be substituted in place of resistors, thereby eliminating 
most of the voltage change due to current variation in the 
resistors. 

SHUNT MOTORS. Single step control of shunt motors 
is obtained by inserting a fixed resistor in the shunt field 

circuit, using a switch or au-
tomatic contactor to short 
circuit the resistor for low 
speed operation. The resis-
tor weakens the magnetic 

field which in turn speeds up the motor. Such field con-
trol provides stable motor speeds at light loads provided 
the magnetic field is not weakened too much. 
To reduce the speed of a shunt motor in a single step, 

a fixed resistor must be add-
ed to the armature circuit. 
A switch or automatic con-
tactor must be provided to 
short circuit the resistor for 
full speed operation. 

INDUCTION TYPE MOTORS. Multispeed stator 
windings that will provide two speeds such as 2:1, 3:1, 
3:2, etc., can be provided for induction type motors. The 
horsepower ratings of multispeed motors are usually some-
what less than single speed motors due to the more com-
plicated stator windings. Since a portion of the stator 
winding lies idle for either one of the speed ranges, the 
starting and pull-in torque of multispeed motors is often 
lower than for standard motors. 

CAPACITOR MOTORS. There are many methods for 
step control or multispeed control of capacitor motors. 

An auto-transformer may be 
employed to provide the 
necessary step-down of sta-
tor voltage. A simple meth-
od of achieving a two-speed 
control is to shift the capaci-
tor from the capacitor wind-
ing to the main winding by 

using a three pole, double throw switch. This method 
will not work for a 3-wire reversible capacitor with iden-
tical main and capacitor windings. 
Summarizing briefly, the speed control characteristics 

of the various fractional horsepower motors fall into two 
classes. The first, comprising mostly brush type motors, 
can be subjected to speed control without requiring any 
special winding. The other class, consisting mainly of 
induction type motors, usually requires special windings 
if some suitable degree of speed control is desired. It 
should be borne in mind, however, that if the utmost in 
speed range and stability is desired, special windings are 
required even for brush type motors. 
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Blowout 

Arc boxes are sometimes used with-
out magnetic blowouts, but a blowout 
is never employed without some form 
of arc box. Although blowout coils 
may be shunt wound for connection 
across the supply voltage, they are 
usually current carrying coils and are 
mounted as part of the stationary con-
tact support assembly and connected 
in series with the contacts. In either 
case they set up a magnetic field at 
right angles to the flow of current 
through the contacts. When the con-
tacts open, this magnetic field forces 
the resulting arc out into the arc box 
where it is elongated and cooled until 
extinguished. Without the arc box 
to confine and to direct the arc, the 
latter might spread to adjacent poles 
of the switch or to ground. Blowout 
assemblies usually include iron cores 
and pole pieces. The core passes 
through the blowout coil and makes 
contact with the two pole pieces, one 
on each side of the arc box. On a-c 
contactors, these parts are laminated. 
On small and medium sized switches, 
the pole pieces are often parts of the 
arc box itself, but on large switches 
they are rigidly mounted and attached 
to the blowout core so the arc box 
slides conveniently in between them. 

Resistance of a series wound blow-
out coil is usually so low and the volt-
age drop between turns so small that 
little insulation is required. On large 
strap wound coils, a thin separator of 
asbestos composition, or similar mater-
ial, is used between turns. 

Blowout coils require practically no 
attention. They have no moving 
parts, and mechanical injury is not 
likely to occur. Connections and 
mountings should be kept tight. Short-
circuited turns will reduce the blowout 
effect, and on a-c coils the induced cur-
rent through the short-circuited turns 
may result in overheating and roasting 
out of the coil. When blowout coils 
are installed and connected, the polar-
ity should be such that the arc is blown 
away from and not back into the con-
tacts and switch structure. Reversed 
polarity will burn up the contacts and 
other parts in the path of the arc. This 
is sometimes experienced with wire 
wound coils, the leads of which are 

long enough for either right or wrong 
connections and in which the direction 
of winding is not apparent. This is 
rarely possible with strap wound coils 
as the two ends are usually different 
and just right for connecting in their 
proper places. 

CAUSES AND CURES IN CONTROLLER MAINTENANCE 
Part What to Look For What to Do about It 

Thermal 
Overload 
Relay 

Dash Pots 

Resistors 

Trips at wrong current value 

Local heating due to loose 
heater connections 
Contacts and springs 

Operation too quick or 
too slow 
sticking 

Overheating in general 

Local heating at terminal 

Open circuits 

Check rating against load and 
replace with coil or heater of 
proper rating 
Clean contact surfaces and tighten 
binding screws or bolts 
Dress up contacts, check springs 
and adjust relay mechanically  
Adjust setting. Fill with proper 
liquid to proper level 
Clean out dirt and adjust mech-
anically  

Check ventilation. Check load and 
frequency of operation against 
rating 
Clean contact surfaces and 
tighten 
Check connections and replace 
broken units 
Check and adjust impressed a-c 
voltage. If open-circuited or short-
ed, replace defective units. If 
aging too rapidly check load and 
ambient temperature. Clean off 
dust to aid ventilation 

Check load and frequency of op 
eration against rating 
Rewind or replace. Check and 
tighten connections  

Repair or replace 
Tighten 
Keep neat and avoid temporary 
wiring. Clean off dust and rubbish 

Clean, varnish, replace and repair 
as required 

Rectifiers D-c output voltage 

Transformers 

Connections 
and Wiring 

Panels 
and 
Insulation 

Overheating 

Open circuits 

Defective insulation 
Loose connections 
General appearance 

Dirt, grease, moisture, mech-
anical injury, burning due to 
arcing, overheating, creepage. 
etc. Broken arc boxes, panels 
and molded parts 

Check oil level, and 
condition of oil 

Switch 
Oil 

Springs Pressure and tension 

Replace with oil of correct grade, 
as recommended by manufacturer, 
when it becomes very dirty. Clean 
out oil tanks and wipe off carbon 
deposits from control parts with 
dry rag. Keep oil at proper level 

Check against manufacturers rec-
ommendations. Ad just or replace 

Line up properly. Clean corroded 
surfaces. If damaged or badly 
worn, replace. Do not lubricate 
contactor bearings, but lubricate 
other bearings as recommended. 
Repair or replace broken parts 
Adjust for ease of operation 
Lubricate where recommended 

Bearings Alignment and general 
condition 

Mechanical 
Interlocks 
and other 
Mechanical 
Parts 

Broken or damaged parts 
Improper adjustment 
Frictions at bearings 

Failure 
to Start 
end to Operate 
Properly 

Overload relay contact open 
Voltage too low or failed 
completely 

Blown Lises 
Open-circuits 
Burned out coils 
Broken wires 
Loose connections 
Burned out resistors or 
tra nsformers 
Corroded, burned, or worn 
contacts on main switches, 
auxiliary switches, access-
ories, or master switches 

Shorted connections 
Grounds 
Sneak circuits 
Bad wiring in conduits 
Contacts welding, or for other 
reason, failing to open 
Damaged limit switches or 
other accessories 
Open circuited, breaking 
resistors or failure of brakes. 

Locate cause of trouble and re. 
pair as recommended 

Check circuits wifk magneto or 
lamp 

Failure 
to 
Stop 

If no other available provision for 
emergency stop, open main line 
switch 
Locate trouble and repair 



CONTROLS - MOTOR 381 

CAUSES AND CURES IN CONTROLLER MAINTENANCE 

Part What to Look for What to Do about It 

Accessories 

Worn out or badly burned 
contacts 

Defective or missing springs 

Damaged or poorly adjusted 
mechanical parts 

Dirt or tailings interfering 
with operation 

Water in case 

Defective insulation and 
loose connections 

Dress with sandpaper or fine 
file 

Adjust or replace 

Repair, replace or adjust; 
lubricate where necessary 

Clean out 

Clean and dry. Repair gasket 
and secure cover 

Repair insulation and tighten 
connections 

Arc Box Broken or damaged parts 

Loose bolts and screws 

Badly burned 

Interferes with moving parts 

Creepage or voltage breakdown 
over or through arc walls 

Adjustment 

Repair or replace 

Tighten 

Clean and repair or replace 

Adjust 

Clean, dry out in oven, or 
replace 

See that arc is fully in place 

Blowout Ineffective blowout and 
overheating 

Check ampere rating and if im-
properly applied, replace with 
different coil. Check polarity and 
reverse if necessary. Check for 
open circuited shunt coil or shorted 
turns in series coils. 

Contacts Badly burned or pitted contacts 

Badly oxidized copper contacts 

Overheating 

Welding 

Dress up contacts with sandpaper, 
or fine file 

Replace if necessary 

Tighten hardware 

Check spring pressure. Replace 
spring if necessary. Check rating 
against load. Adjust switch mech-
anically. If conditions too severe 
for open type contactors, replace 
with oil immersed or dust-tight 
equipment. Instruct operator in 
proper manipulation of manually 
operated devices. 

Shunts Worn, frayed, or partially 
broken 

Interference with or in contact 
with other parts of controller 

Overheating 

Replace 

Straighten, adjust, or replace with 
shunt of proper length and width 

Check capacity against load and 
see that correct shunt is being used 

Electrical 
Interlocks 

Contact condition 

Mechanical operation and 
adjustment 

Dress as for any contacts 

Adjust for correct movement, ease 
of operation, proper opening or 
closing with respect to main con-
tacts. Adjust or replace springs. 

Magnets 
and 
Coils 

Sluggish operation 

Overheating 

Sticking in 

Noisy a-c magnets 

Abnormally short coil life 

Clean and adjust mechanically. 
Align bearings and free up the 
movement. 

Check voltage and coil rating. 
Check for shorted turns. See that 
magnet, if a-c, is closing properly. 

Clean, if due to grease. Check 
air gap and if shim is used, see that 
it is in place. 

See that it closes properly. Look 
for broken shading coil and re-
place if necessary. Clean magnet 
faces. 

Check supply voltage and coil 
rating 

Contacts 
Electric circuits are opened and 

closed with contacts. Except for 
static controller units such as trans-
formers and resistors, all other con-
troller parts serve merely to open and 
close contacts in their proper sequence. 
Contacts are made in a variety of types 
and forms. Copper, silver, and spec-
ial alloys to meet unusual conditions 
are used. Carbon contacts, which were 
formerly utilized to a great extent, 
have become almost extinct. Carbon 
contacts do not weld but they are me-
chanically weak. Copper contacts be-
come coated with a non-conducting 
oxide, which in normal operation is 
burned off or broken by mechanical 
action of the contacts as they close or 
by burning action of the arc as the 
contacts open. Silver contacts .are 
coming into wide use particularly 
where operation is infrequent or where 
spring pressure is light. Silver oxide 
does not increase contact resistance. 

Contacts are designed so that in clos-
ing they pound, slide, scrub, and/or 
roll, and therefore they are to a con-
siderable extent self cleaning. They 
may be dosed manually, magnetically, 
pneumatically, by pilot motor through 

gears or cams, or automatically by 
floats, pressures, or temperatures. 
Large contacts are often provided with 
smaller and separate tips, called arcing 
contacts, or arcing tips, which touch 
first in closing and separate last in 
opening. Their function is to take 
most of the punishment and thus save 
the main contacts. Arcing tips do 
not have to be smooth and will per-
form satisfactorily even when badly 
worn and pitted. They can be re-
placed at a fraction of the cost of the 
main contacts. 

Arcing horns serve as extensions to 
the contacts themselves to lead the arc 
away from the contacts and out into 
the arc box. Arc horns are usually 
part of or are attached to the contact 
supports, though they are sometimes 
built into the arc box. 
When contacts become badly pitted 

and burned they should be touched up 
or replaced. They may be buffed, 
sandpapered, or dressed with a fine 
file. Coarse filing wastes copper and 
may alter the shape of the contact. Do 
not use emery as particles of emery may 
stick to contact surface and encourage 
welding or excessive wear, or may get 
into bearings. Contacts need not be 
smooth but they should seat squarely. 
Heavy films of oxide should be re-
moved from copper contacts but oxide 
on silver contacts should be left alone. 



382 CONTROLS - MOTOR - PUSH-BUTTON STATIONS 

A-C AND D-C 

HEAVY DUTY PUSHBUTTONS 
CLASS 15-010—TYPE HD 

INCHING BY PUSHBUTTON (Figs. 6, 7, 8) 

looting or jogging by Pushbutton is most frequently accomplish-
ed by one of the following three methods: 

(a) A three-button "Start-Inch-Stop" Station 

(b) A "Start-Stop" Station with latch on Pushbutton to hold but-
ton partially depressed while machine is inched with start 
button. 

TYPICAL PUSHBUTTON 

On all figures below, the left-hand sketches represent schematic 
control circuit wiring diagrams. The right-hand sketches repre-
sent Pushbutton station wiring. 

On the right-hand sketches, the numbers on line leads corre-

START—STOP  

L1 Start Stop 
3 

Elec. Int'l'k 

2 
3 

Start Stop 

(Fig. 1) 

Buttons: Two momentary-contact, one closed, one open. Circuit: 
Low-voltage Protection, Single-Station 

Stop Start 

3  

(Fig. 2) 

Buttons: Two maintained-contact. Circuit: Low-Voltage Release 
Single-Station. 

Start 
Lt l_r_2 

0- Stop 
1.3- 2 

Elec. Int'rk 

OL L 3 
2 

Start St'op Start Stop 

(Fig i) 

Buttons: Four momentary-conta,t, two closed, two open. Circuit: 
Low-voltage protection. tw-, stsbor, 

REVERSING 

L Fwd, Rev. 
3 

Limit switches 
when used -

IR 
OL 

L3 

OL Fwd. 

Rev. 

3 

IR 

Forword Reverse 

(Fig. 4) 

Buttons: Two momentary contacts, both normally open. Circuit: 
Inching only, interlocked through buttos s motor runs only as long as 
button is held down. 

Stop Rev. Fwd. 

Elec. Inerks 

3 

(Fig. S) 

Buttons: Three momentary contact, two open, one closed. Circuit: 
Low-voltage protection, Interlocked through buttons. 

(c) A maintained position Selector Switch. 

Method (a) is the most desirable, since each button has an in-

dependent function. However, it requires a separate inching 

relay in the circuit (see Figure 8). The three-button station 

should never be used without the inching relay. 

CONNECTION DIAGRAMS 

spond to those marked on all Standard Westinghouse Class 11-200 

Non-Reversing Linestarters, and Class 11-210 Reversing Line-

starters—but the letters marked on the leads are reference points 

only, corresponding to letters shown in these schematic diagrams. 

START—STOP—INCHING  

L1 Start Stop 

Coil 
jnch Run 3 OL 

Elec 

3 

2 
3 

Start Stop 
Inch Run 

(Fig. 6) 
Buttons: Two momentary-contact and one Rotary Switch for manual 
selection of inching or running circuit. Circuit: Low-voltage protection 
plus inching. 

L1 Start Stop 

Elec. Int'l'k 

OL L 3 

(Fig. 7) 
Buttons: Two momentary-contact, one open, one closed, with safety 
latch for manual selection of inching or running circuit. Circuit: Low-
voltage protection plus inching. 

L 'Start Inch Stop 

3 
2 

1--1 
Rela 

Elec !MTh 3 

Start Inch Stop 

a 

(Fig. 8) 
Buttons: Three momentary-contact and inching relay. No manual 
selection required for inching or running circuit. Circuit: Low-voltage 
protection plus fool-proof inching. 

HAND OFF AUTOMATIC 

LI Hand 3 L 3 

r. O ft 

Auto -H0 3 
Pressure switch, 
thermostat, etc. 

Hand Off Auto 

(Fig. 9) 
Rotary Selector Switch: Two maintained-contact, one closed in right-
hand, other in left-hand positions, both open in middle position. Circuit: 
Automatic control in AUTO position makes pressure switch, thermostat, 
etc. open and close circuit. _Manual control in HAND position, permits 
closing circuit at any time for test or emergency. When handle is in OFF 
position all operation ceases. 

INDICATING LIGHTS  

L Start stop 

[let 2 3 

Elec. Int l'k 

L3 

2 
3 

Start Stop Light 

(Fig. i.o) 
Buttons: Two momentary-contact, one indicating light. Circuit: Low-
voltage protection. 



WITH LINE CONTACTORS HAVING NON-INSULATED HOLDING-CIRCUIT INTERLOCK. Internal wiring shown in 

each station is made when station is installed. Then connect the arrow terminals to like number-

ed terminals on the panel as follows: Connect 1 to the line contactor interlock, 2 to the line 

contactor coil, 3 to the line. 

With connections for diagram "Three BS-79-J", is "start" and "stop" buttons on different sta-

tions are pressed at the same time the motor may not stop. Preferable are connections shown by 

diagram "Three BS-207-J", with which any stop button will stop the motor. 

For two, four, or more stations omit or insert stations between the outer stations shown in the 

diagrams "Three BS-79-J", "Three BS-207-J", "Three CR2940-2A1", and "Three CR2940-3". 

Start, 

1 

Stop 

_ 

BS-79-J 

2 

Three lis-79-J 

a_1= -1 r-ILL1 -1 ncilli 1 QIIIDI-1 
Start 1 I II 3 1 

1 • 0—r"' 3 11 3111 31 1 •3 1 

Stop Ii 2 1 1 5 11 5 4 11 4 21 

1 • 2 11 

J 1 1 1 11 o__ 11 Lo_ _ o_J L o_ _o_i L  _o i_o_ _o 

1 

3 

1 1 
— --1 r Lz_--1 1-.7_11 3 

Start' o14.3 11 31 1 31 1 3 
1 I I ' I 

Stop!, 2 ' 2 

BS-297-J 

r — Q-à-0 
Runi4 

1 
1 
14 

Jog I 

14 

2 
stop 114 

L 

1 

Three BS-207-J 

E - -1 L1,1 ELIQ- 1 
I 4 1 
1 

1 

1 

3 1 

1 
2 1 

1 1 I I 
1_ 2_ 23J 

No
Li

di
a-

HS
Il

d 

rn 
1-3 

1-3 
b-I 
o 

S
I
W
I
I
O
S
N
.
N
0
0
 

-
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r
1
0
1
1
,
L
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O
D
 

S
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O
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L
V
I
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O
,
L
I
I
I
S
-
H
S
f
l
d
 
-
 

CR2940-2A1 Three CR2940-2A1 CR2940-3 Three CR2940-3 



WITH LINE CONTACTORS HAVING INSULATED HOLDING-CIRCUIT INTERLOCKS. Internal wiring shown in each 

station is made when station is installed. Then connect arrow terminals to like numbered termi-

nals on panel as follows: Non-reversing panels; connect 1 to line contactor interlock, 2 to the 

line contactor coil, 3 to line. On reversing panels; connect 1 to the "forward" contactor inter-

lock, 2 to the "forward contactor coil, 3 to the "reverse" contactor coil, 4 to the reverse 

contactor interlock, 5 to the line. 

With connections for diagram "Three BS-79-J", if "start" and "stop" buttons on different sta-

tions are pressed at the same time the motor may not stop. Preferable are connections shown by 

diagram "Threé BS-207-J", as any "stop"button will stop the motor. 

For two, four, or more stations omit or insert stations between the outer stations shown in the 

diagrams "Three BS-79-J", "Three BS-207-J", "Three CR2940-2A1", and "Three CR2940-3". 

 .1 — — 1  

 -1 I if7177i-PL-711-1=7V-7-11r2 il Start: o—+-- 2 
21 
1 1 11• (121 a ?.1 li 9-L-2 421 

Start' 1 11 H. 1 11 31 1 1 I II 1 
1 5 4 Stopl - 3 1 

1 • I 1 5 5 4 4 3 1 • li ii I i_____ i L    
I l 

I II 1 l Stop i i 
3 I • 1 3 

L__ _5_1 L _ _ _4_1 L _ _ _ 

BS-79-J 

Start 

3 
Stop, 

o o 
L 

Three BS-79-J 

BS-207-J Three BS-207-J 

2 

NO
LI

,f
lg
-
II

SI
ld
 

co 
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IZ
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8 WAYS TO APPLY THE PLUGGING SWITCH 

Start 
Stop OL L-13 _r_ 

0-F.---VV-""------14-1 

1 

Motor 

Ti T2 T3 

For 

PR 

Safety 
latch 
coil 

1. Operation in one direction. Pressing Stop 
button plugs motor to stop. 

4. Same as number three except direction 
button need not be held down until motor 
starts. Pressing Stop button plugs motor to Stop 
horn both directions. 

5. Operation in one direction. Plug-stop 
when Stop button is pressed. Jogging with 
auxiliary jogging relay. 

6. Operation in either direction. Jogging For-
ward and reverse provided by auxiliary jogging 
relays. Plug-stop from both directions. 

7. Operation in one direction. Jogging pro-
vided without auxiliary jogging relay by means 
of push-button station with latch for jogging. 
Plug to stop from either direction. 

Contact Arrangement 

Double-throw 

Rotation 
to Operate 
Contacts 

(Facing Shaft) 

2. Operation in one direction. Pressing Stop 
button and immediately releasing it permits 
coast-stop. Holding Stop button down plugs 
motor to a stop. 

3. Operation in both directions. In 
starting, direction button must be held down 
until motor starts. Coast to stop if Stop button is 
held down—plug to Stop if button is released. 

CR13: vr fit:RR! 

C9jf.1  i 

For cur- 4-t-R R 'ret, 

.1 latch At, vf., coo —  

L, and 1.5'. A-c power connections 
s Normally-open push button 
s Normally-closed push button 

F R Forward and reverse 
-̂•^, A•f%. -.1 contactor coils 
For.--Rev s Plugging switch contacts 

Normally-closed interlock 
= Normally-open interlock 
Contacts of overload relay 

CRandJR"Auxillary relayS(symbols 
otherwise same as above) 

8. Operation in either direction from main- Key to symbols in elementary diagrams 
tamed-contact station. Plug to stop from either for-other circuits tofu special requirements 
dircction when switch is turned to Off. No consult your G-E office. 
undervoltage protection. 

Lockout 
Coil 

CR2962 Form 

For Adjustment 
Range 

40-140 
Rpm 

140-750 
Rpm 

Both throws normally open 

One throw normally open, 
one throw normally closed 

One throw normally open, 
one throw normally closed 

Clockwise or 
counterclockwise 

Clockwise 

Counterclockwise 

Yes 

No 

Yes 

No 

Yes 

No 

AlA 

A2A 

AI 

A2B 

A1C 

A2C 

AID 

A2D 

AIE 

A2E 

A1F 

A2F 

I 

1 o o 

e cave 

  Sw!tçti at r7C Sw!tçti at r7C 

sao 
Speed in rpm 

1000 

di ec, 

  el"J.Ár. el"J.Ár.   5witch et. 21C . 1 t 5witch et. 21C . 1 t 
100 

Speed in rpm 

GENERAL EJ ELECTRIC 
SCHENECTADY, N.Y. 

ZeUreZie I ‘‘..' 

, 
4 

I 
—s1 

1 
4T-
I 

200 I E 



386 CONTROLS - A-C MOTOR - MANUAL STARTERS 

MANUAL LINE VOLTAGE A—C STARTERS — ALLEN—BRADLEY 

SINGLE PHASE LINES 

1.1) L2b 

T2 

Ti 

LI tej L2 à 

T2 

TI MOTOR 

[LASS 2510 

Terminal 13 
not used 

MOTOR 

3 PHASE LINES 
For Single Phase 

L3 é Terminals 12 and 
T2 are Dot sued. 

ll For Two Phase 
3 Wire 

Terminals L2 and 1-1 
TZ are common. 

2 PHASE, 4 WIRE LINES 
t!IPHASE 1 

L1  L2 

T2 

SQUARE D 

PHASE 2,13  
MOTOR LEADS 

L3 4 Phase 1 

T 1 and T 3 
Phase 2 

T 2 and T 4 

MOTOR T4 

A. C. WM WU VOLTAGE STARTERS 

LI 

L2 

L9 

CLASS 2510, TYPE W 10 



CONTROLS - A-C MOTOR - MANUAL STARTERS 387 

STAR- DELTA STARTERS 
This job is used to demonstrate the difference between the ends of each phase on a 
3 phase winding, and to show that this difference must be taken into account when 
the phases are connected together. 

Proper connection of the windings on any 3 phase motor, generator, or transformer, 
must be preceded by identification of the phase ends as starts and finishes, just 
as the proper connection of a battery to others must be preceded by the finding of 
the positive and negative terminals. 

The simplest method of finding the starts and finishes 
phase motor is given below. Follow each step carefully 
nectcd star, a test will show unequal voltage per phase 
tion. This explains why the motor hums when the phases 

3PH. 

DELTA EONNECT1ON 
SYMBOL— A 
PHA. «z LANE E 

TESTING 10 FIND THE. 
ENDS oF THE PHASES. 

I° 4 

REPLACE 
AND REVERSE 
OF -er PHASE. 
IMPRe)VEMENT 

LEADS 
LEADS 
If NO 
SEE . 5. 

3PM. 

STAR CONNECTION. SIHBOL-Y 
PHASE E. = LINE E 
LINE E =1./31 PHASE L 

41 2 

ASSUME. 3 END. -TO BE 
FINISHES AND CONNECT 
To6E1HER . CoNNEcT 3 
STARTS LINE. 

REPLACE "Is" LEADS 
AND REVERSE LEADS 
OF PI-MS.1 .E% MOTOR 
SHOULD NOW OPERATE. 

COMPLETE. 
STAR- DELTA 
SvvtTC.HING 
coNNECTIONS 

Y 

of the phases in a three 
. With the windings con-
with an incorrect connec-

are improperly arranged. 

SIMPLE DIAEIRAM OF A 

STAR - DELTA STARTER 

Y 
A 

IF MOTOR IS NoISV 
REVERSE LEADS CONNECTED 
To PHASE-A" If« IHPRoNE-
mENT SEE (1 4. 

t-'15.13013IRP-4-
D00000 

WHEN MOTOR 

OPERATES MARK 

PHASES AS SHOV414 

ABOVE 

A 

1  
1411 WC le 

o 

COYNE 



388 CONTROLS - A-C MOTOR - MAGNETIC LINE STARTERS 

O 

HAND OPERATED 

ACROSS - THE-LINE 

5V•.; ITCH . 

CONTACTS PLACED 

ON MOVABLE ASSEMBLY. 

A MAGNET 15 REQUIRED 

TO OPERATE TNEM 

SHAD‘N6 COIL. 

BY ADDITION OF 

THE STICK CONTACTS 
AND THE DOTTED 
CONNECTIONS,THE 
STICK CIRCUIT Is 
COMPLETED AND THE 
MAGNET REMAINS 
ENERGIZED AFTER 
THE START BUTTON 
IS RELEASED. 

ADDITION OF THE 
OVERLOAD TRIP 
cOiLs COMPLETES 
THE UNIT. THis 
STARTER PROTECTS 
THE MOTOR FROM 
OVERLOAD AND LOW 
voLTAGE. AND ET 
CAN BE REMOTELT 
CONTROLLED 

NOTE THAT THE OVERLOAD 
TRIP cONTAcTS ARE IM SERIES 

wirK ONE ANOTHER AND THAT PIET 
BREAK THE MAGNET 
EIRCutT. 

START 
r STOP 

, I 
- - CONTACTS CLOSE 

WHEN MAGNET IS 

ENERGIZED. START 
BUTTON MUST BE. 
HELD DOWN OR 
CONTACTS WILL 
DROP OUT. THIS 
DEm01.ISTRATES 
THE NEED FOR 
A"STIcK CIRCUIT". 

DEVELOPMENT OF AN 

ACROSS THE LINE STARTER 

A 

11111111111111 
111111111111 

o  
e  

O 

  MAIN  COU. 
r 
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SINGLE PHASE CONNECTIONS 
Make certain that switch coil and motor connections agree with the voltage supply. 
220 VOLTS 110 VOLTS 

Single Phase 
Max. H. P. Rating 
11/2  h.p. 110 Volts 
3 h.p. 220 Volts 

Connections for 2 Wire con-
trol device such as Thermos-
tat, Float Switch, Pressure 
Switch, etc. 
CIS  
C2 o 

C3 o'w  

-I 

Fig. 2 

110 VOLTS 1 r 
_ 
L 2 Cl 

Fig. 3 

NOTE: Fig. 3 illustrates a wiring arrangement which 
makes possible using the same thermal element for a 
motor connected to either 110 or 220 volts. It requires 
an extra line between the motor terminal T 3 and the 
starter terminal as per diagram, Fig 3. The maximum 
common rating of a starter wired in this manner is 11/2 
h.p. for 110 and 220 volts. 

D
I
I
V
P
Z
O
I
M
T
 

Z
S
Y
N
c
i
—
S
I
O
N
I
S
 

C
O
N
T
R
O
L
S
 
-
 A
-
C
 
M
O
T
O
R
 
-
 M
A
G
N
E
T
I
C
 
L
I
N
E
 
S
T
A
R
T
E
R
S
 



CONTROLS - A-C MOTOR - MAGNETIC LINE STARTERS 391 

ALLEN BRADLEY 
ACROSS THE LINE AUTOMATIC MOTOR 

SHAD' NG COIL 
USED TO PRE-

VENT vIBRATIoN 
or THE ARMATvRE. 

OVERLOAD - 
TRIP CONTACTS 

0 LI 

o  

THERMAL OVERLOAD] omi 
RELAY 

012 013 

o o 

STARTING SWITCH. TYPE "A". 

° 
THREE 

O PHASE 

STICI( OR 
• HOLDING o 
t CONTACTS 1 

OVERLOAD TRIP CONTACT. 

M3 

MOTOR 

 d_411Q.M11101)  

LINE 

COYNE ELECTRICAL SCHOOL. 

WHEN AN OVERLOAD oCCURS THE HEATER 
MELTS THE SOLDER WHICH ALLOWS THE 

ARM"A" TO MOvE UPWAIND OPENING OVER-

LOAD TRIP CONTACTS. 

SPRING 

OVERLOAD 
TRIP 

CONTACTS 

RATCHET-
VV 

A 

HOLDIN(, 
MAC.9NET. 

3 PHASE LINE 

SOLDER 

ww 
HE/TE.IN -e 

o 

DE -U\IL OF THERMAL OVERLOAD RELAY (SOLDER TYPE) . 



392 CONTROLS - A-C MOTOR - MAGNETIC LINE STARTERS 

AUTOMATIC A-C LINE STARTERS ALLIS-CHALMERS 

Size 2 
Type S Lo-Maintenance GENERAL PURPOSE Motor Control 

WIRING DIAGRAMS 

25-60 Cycle *3 Pole 1.10-600 Volts 

TI 

Fig. 1 —Single Phase 

Max. Hp Rating 
110 v — 3 hp 
220 v — hp 

440/550 y — 10 hp 

Fig. 2-2 Phase, 3 Wire 

Max. Hp Rating 
110 v — 7M hp 
220 y — 15 hp 

440/550 y — 25 hp 

Fig. 3-2 Phase, 4 Wire Fig. 4 — 3 Phase 

Max. Hp Rating Max. Hp Rating 
110 y — hp 
220 y — 15 hp 

440/550 y — 25 hp 

110 v — 73,' hp 
220 y — 15 hp 

440/550 V — 25 hp 

WIRING DIAGRAMS FOR PILOT CONTROL 

LI --LO c a 

Fig. 5 — 2 Wire Maintained Contact Fig. 6 — Connections for 2 or more P. B. Stations 



CONTROLS - A-C MOTOR - MAGNETIC LINE STARTERS 393 

AUTOMATIC A-C LINE STARTERS ALLIS-CHALMERS 

CAGE MOTOR STARTERS 

Typical Wiring Diagrams 
General Purpose Type S Starters 

LA 

13 

Fig. 1 — Single Phase 

Fig. 3 — 2 Phase, 4 Wire 

I 

Fig. 2 — 2 Phase, 3 Wire 

Fig. 4 — 3 Phase 

WIRING DIAGRAMS FOR PILOT CONTROL 

c I --+-0----0-1— LI 

STAR r r"--7--1 r--_-_-L_-] 
I 

STOP 1..._ 

A 

CI 

LI 

Fig. 5 — 2 Wire Maintained Contact Fig. 6— Connections for 2 or more P. B. Stations 

NOTE: When External "Stop" Button or 2 Wire Maintained Contact is used remove A-L1 Jumper. 

13 

T 
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FRONT VIEW .D/AGRAIll 

L3 Li L 
L/ L2 L3 L/ L2 L3 

H I CONNECT 
PROPER II I 
LuvEs AND T/ T 2 T3 

7/ T2 73 MOTOR 
reRm/M4L.5 

0 74 
o 

PHASE TO STARTER 
2 PHASE 

.3 -3 WIRE 
L3 /3 CoAlmote we 

3 

I I 

Y 

ri 

al 

73 

—Î ' 

emor DEVICES WHEN mew 2 774NWIRE TYPE 3 WIRE TYPE ONE plew.avrroev 

2 

r 

.5/VAPSIVITCN, 
FL WITCH 

x 1 5TAtiON 15 user. 
A_ _.n 1 A comerr PER 

ETC. --i— --i-- POTTED LINES 
2 __.0-- cp_...3 / __?___ 9 9 omirriteci „ 

  CONNECT/OW 4-A 

a 
RESET 

.3 -I 

'CONNECTIONS FOR A.C.AlITOMATIC STARTER WITH 409 orzeLoAD WITH 

2
 
0
0
0
1
 

I
l
e
 
P
.
1
1
0
.
1
 REser 

DRAWN St 

CHECKED 

TRACED BY 

T;474A 

SUP NO. 

* P PROW CO 

:eLs-i6 
SUP. By NO. 

ORDER NO. 

DEV 4048-/O 

CUTLER-HAMMER, INC. MILWAUKEE NEW YORK 9004/ DI 
CO., Inc. 
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GENERAL ELECTRIC MAGNETIC SWITCH 

3 3 

CLISTICM CON-TAUS 

button atation 

Runnhrf magoet 

OvERLOAO TRIP COP4TACTS• 

SEATER. 

Témperabire ever/oad relay  

This SW.ARRAUGEMENI 
3  USED wNEN MoToR is To 
2 BE STOPPED AND STARTED 

AUTOMAT gEALef 

ps. s witch usoie 
connect as shown 

COYNE 
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Lines 

L2 

.11.•••••• 

3 

CR 2940-13579J 
Push button 

station 

   ----I'Start 

 Il   zl 
  Stop 

, Temperature 
I overload rq lay. 
Hand reset."-
I Heaters to be 
!mounted by 
ipurchaser 

(a) 

T2 IT3 

MAGNETIC LINE STARTER, 

Lines 

n--
Mot-or I iO O o 

8T3 T2 Ti ! 

3 -PHASE 3 -WIRE MOTORS 

CP2940-135/9 .1 
3 20 PB. station 

Start 

Stop 

Temp. overload 
relay, hand 

0 -1 reset Heater 
L T3 _T2T _ ij units mounted 

Motor by purchaser 
Connections for 
3-phase, 3-yilre 

r 
LT4 __T3 _ T2__T1 j 

Motor 
(b) connections for 

2-phase, 3-wire 
otherwise like (a) 

CR2940-B5207J 
P. B. Station 

• 31Start 

23 

GEN ER_AL ELECTRIC 

23 

MAGNET' C LINE STARTER, 3 -P HASE 3-WIRE MOTORS GENERAL ELECTRIC 
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ID 

1 Front View 

L2 

Temperature 
Overload Overload Relay 
Hand Reset. 
Heater units 

to be mounted 
by Purchaser. 

Lines 

ló 6 Motor 
T3 T2 Ti 

- 

1"52 IStzet 
3 _001 1 

12 ° 0 IStoD - 
CR2940-
BS 212A 
Push-Button 

,'AM I Station 

-opIl 

7-1 

__J 

MAGNETIC LINE STARTER, 3 —PHASE 3—WIRE MOTORS 

TYPICAL WIRING DIAGRAM 

To AC 

Supply 

LI 

If SP. Switch 
is used. in 
place of 
Push-Button 
station 
connect 
as bczlow. 

GENERAL ELECTRIC 

L2 

 H  

 II  

0 L HEATER 

f\.) 

13 

0 L HEATER 

START 
STOP O.L. O.L. 

TI 

T2 

MOTOR 

Low Voltage Protection 

with 3-wire "Start — 

Stop" Push Button 

MAGNETIC LINE STARTER, 3 —PHAS E 3 —WIRE MOTORS WESTINGHOUSE 
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3 PHASE ACROSS THE LINE MOTOR STARTER. (WESTINGHOUSE) 

OVERLOAD 
TRIP SW., , 
STOP SW. 
& RESET. 

THERMAL OVERLOAD 
RELAY DETAIL. 

/711 

"DE-ION" ARC QUENCHER. 

1 1 1  As the contacts separate, the specially shaped moving 
contact gives a magnetic 

HEATER"' reaction that forces the 

i 

into the "DE-ION" grids 
where it is sliced into a 
series of arcs. At the 
next zero point on the I 
cycle, the air adjacent to 
each grid is deionized, and 
the arc is put out. 

The bi -metal diaphragm consists of a soft metal disc such as brass (shaded with 
diagonal lines) placed between 2 steel discs of diaphragm steel. The adjusting 
screw, which is supported by a steel bridge, conducts the heat to the bi -metal 
diaphragm. The brass expands more rapidly than the steel with a rise in temper-
ature. If the screw is properly adjusted, the diaghragm center will move toward 
the overload trip switch and open it, interrupting the magnet circuit, thus re-
leasing the motor from the supply when an overload occures. Thermal overload re-
leases usually require resetting by hand. 
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WIRING DIAGRAM FOR TYPE R-I23 
STARTER uSED WITH TWO PHASE MOTOR 

WIRIDG DIAGRAMS 
(LASS 8536 A. C. um VOLTAGE MAGRETIL STARTERS-TWO ADD THREE PHASE 

Pl 

LINE DIAGRAM POR THREE POLE STARTER 

USE0 WITH THREE PHASE MOTOR 

AUTO.- On- HAND 

SELECTOR SWITCH 

LI 

LZ 

Ls 

AUTOMATIC 

2 "NOLL 

COMTOICIL DEVICE 

LINE DIAGRAM FOR THREE POLE STARTER 

WITH SELECTOR SWITCH USED WITH 

THREE PHASE MOTOR 

LI 

LA 

o 

ALA 

LINE DIAGRAM DIAGRAM FOR FOUR POLE STARTER 

USED WITH TWO PHASE MOTOR ON 
FOUR WIRE POWER SYSTEM 

START 

CI 
STOP 

DIERWAIL 

L_ 

e“ sat*  

ttA.LL• uN  

WIRING DIAGRAM FOR TYPE 
5 teA  R USED WITH 
THREE •HASE. MOTOR 

TIOLt Lfolf/ CTt  

,f0,•( ,,k0IL  

p t.. ilo,r0.•  

Ct 

two 

Two wAt ço.Tatca 
tMoCOLLeare Gpre,c, 

LILLL•aj) 

WIRING DIAGRAM FOI. TYPE 
S-121D STARTER USED WITH 

THREE PHASE MOTOR 

24Laçffl.a.  
It cOwt• 

, ILL MOOS tun., 

Lf No.  

^ I. .. A  

WIRING DIAGRAM FOR TYPE 
S-ISC STARTER USED WITH 

THREE PHASE MOTOR 

LI 

L2 

L3 

L4 

LINE DIAGRAM FOR THREE POLE STARTER 
USED WITH TWO PHASE MOTOR ON 

FOUR WIRE POWER SYSTEM 

Autt  

UNIL Att Loom,  
oold,gre,••, co•••, ,  

MOL, Mr, MI  

eLe• owe. ,LofoL  

fl•Lorninflt, LOMOLZ  
CL  

WIRING OiAGRAM FOR TYPE 

R-1013 STARTER USED WITH 
THREE PHASE MOTOR 

noiat wau co, oa,  
moo.) rt ,, ,if CON., 

Pvt.. Evrloo 
ct - 

Col 

TuN welt ConHAA, 

ruINTANILD ..... CT 
WIRING DIAGRAM FOR TYPE 
T-Z OR U-2 STARTER OSLO 

WITH THREE PHASE MOTOR 

MLA 

DIE 

.  u  

Eiininftbuot 

WIRING DIAGRAM FOR TYPE 

G-I STARTER USED WITH 
THREE PHASE MOTOR 

C3  _J 

t WIRE CONTROL 

OMIT CZ 

WIRING DIAGRAM FOR TYPE T-4 OR U-4 
STARTER USED WITH TWO PHASE MOTOR 

WIRING DIAGRAM FOR TYPE 5-2013 
STARTER USED WITH TWO PHASE MOTOR 

LINE DIAGRAM FOR THREE POLE STARTER 

USED WITH TWO PHASE MOTOR ON 
THREE WIRE POWER SYSTEM 

1748 - 810 

SQUARE D COMPANY 
"'V* 
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WIRIRG DIAGRAMS 
A. C. Lin( VOLTAGE MAGRETIE STARTERS -SIOGLE PHASE (LASS 8536 

OL 
START 

c; cz 

DOC^ 

STOP 

JUMPER CONNECTIONS 
o • c 
elle ele 
FOR Ho VOLTS 
, • C A 

. €110 ° 
FOR LEO VOLTA 

CS 

La 

LINE DIAGRAM FOR GIRDLE PHASE STARTER OREL. WITH SINGLE VOLTAGE MOTOR 

Li 
T• 

LINE DIAGRAM FOR SINGLE PHASE STARTER WITH SELECTOR SWITCH 
USED WITH DUAL VOLTAGE MOTOR CONNECTED FOR 220 VOLTS 

L2 

LINE DIAGRAM FOR SINGLE PHASE STARTER 
USED WITH DUAL VOLTAGE MOTOR CONNECTED FOR 110 VOLTS 

OL 

L2 

START 

LINE DIAGRAM FOR SIZE IF OR 0 THREE POLL STARTER USED ON SINGLE 

TYPE R-SA 

WWI 

Or« CO 

nal..1111“.04.13101. 
con,nro 

TYPE R-85 

TYPE R-8C 

WIRING DIAGRAMS FOR SIZE O. 

SINGLE PHASE STARTERS USED WITH 

A SINGLE VOLTAGE MOTOR SEE 

RIGHT HAND COLUMN FOR COIL 

JUMPER POSITIONS AND CONNECTIONS 

FOR DUAL VOLTAGE MOTORS 

L_ J 
PRIA_MeLe• 0221A 

RIMLOWN 
,[1111,1a..• 

TYPE 5-I4A 

C. 

TYPE 5- 148 

TYPE 5-14C 

WIRING DIAGRAMS FOR SIZE 1, 

SINGLE PHASE STARTERS USED WITH 

A SINGLE VOLTAGE MOTOR SEE 

RIGHT HAND COLUMN FOR COIL 

JUMPER POSITIONS AND CONNECTIONS 

FOR DUAL VOLTAGE MOTORS. 

TYPE 5-1115 

TYPE 5-16A 

um! 

Rum 

cmiLsa 

NAN...ARCO COWART 

TYPE 5 - 16C 

WIRING DIAGRAMS FOR SIZE 0i, 

SINGLE PHASE STARTERS USED WITH 

A SINGLE VOLTAGE MOTOR SEE 

RIGHT HAND COLUMN FOR COIL 

JUMPER POSITIONS AND CONNECTIONS 

FOR DUAL VOLTAGE MOTORS. 

WIRING DIAGRAM FOR SINGlE PHASE 
STARTER USED WITH DUAL VOLTAGE 
MOTOR CONNECTED PO« 110 VOLTS 

WIRING DIAGRAM FOR SINGLE PHASE 
STARTER USED WITH DUAL VOLTAGE 
MOTOR CONNECTED FOR 2E0 VOLTS 

JUMPER CONNECTIONS FOR SIZES 
CLI.AND IR. SINGLE PHASE STARTERS 
01C A • C A 

FOR Ile VOLTS FOR 220 VOLTS 

WIRING DIAGRAM FOR SIZE D DR IR THREE 

POLE STARTER USED ON SINGLE PHASE 

SQUARE D COMPANY 

1748 - 09 
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AC Magnetic Full Voltage — Type S 
COMBINATION STARTERS WITH DISCONNECTING SWITCHES 

Typical Wiring Diagrams 

25-60 Cycle 3 Pole 110-600 Volts 

ALLIS—CHALMERS 

(WIRING DIAGRAMS FOR UNFUSED COMBINATION) 

Fig. 1—Single Phase 

Fig. 5—Single Phase 

Fig. 2 — 2 Phase, 3 Wire Fig. 3 — 2 Phase, 4 Wire 

(WIRING DIAGRAMS FOR FUSED COMBINATION) 

Fig. 6-- 2 Phase, 3 Wire Fig. 7 -- 2 Phase, 4 Wire 

WIRING DIAGRAMS FOR PILOT CONTROL 

CI LI 

Fig. 4 - 3 Phase 

Fig. 8 - 3 Phase 

A 

I I 

STOP. L__ • 
cl 

LI 

Fig. 9 — 2 Wire Maintained Contact Fig. 10 — Connections for 2 or more P. B. Stations 

NOTE: When External "Stop" Button or 2 Wire Maintained Contact is used remove A-L1 Jumper. 
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MAGNETIC COMBINATION STARTERS WITH SWITCHES 

GENERAL ELECTRIC CR 7008 

2 

Liras 

o oI 
L2 L3 

L2 
o 

Ti 

p T2 T i.1 

Motor 

Operating hand I ci 
of motor controt 
switch 

CR2940-8579,1' 
push button 
Stati.on 

— I Start 

2 I Stop 

1 
Start ic 0-31 

2 
Stop 

1 2ê3 

CR 2940 - BS 20/ J 
push button 

station 

(3-Pole)   

li-

L21 L3 

- 10peratina handle 
of motor control 
switch 

1SP swi tch 

\ I> 
2 3 

L " 

Temperature Ovar load Relay 
(Heaters to be mounted by purchaser) 

12 

TO 

T3 

Motor 

TI 

OL 

iI_A_j Start 
1111...e_31 

i I 2 
I i Slop 

CR2943-A200A 
Push-buti  up-el station 
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WITH FUSES FOR 
CLASS II-204 
WITHOUT FUSE FOR 
CLASS II-203 

LI —1 

TO A.C. SUPPLY L3—.H 

L2-1 

Li 
A-C. MAGNETIC 

"BE-ION" COMBINATION LINESTARTERS 
WITH MOTOR CIRCUIT SWITCH 

SCHEMATIC WIRING DIAGRAM 

TO 2 OR 3 PHASE 
3 WIRE 

A. C. SUPPLY 

CLASSES 11-213 AND 11-214-REVERSING 

ELEMENTARY CONTROLLER DIAGRAM 
DISCONNECT SWITCH 

II  L2 

L3 
— °-4HI I I -
IL-0-11-11 II  

WITH FUSES FOR 
CLASS II- 214 
WITHOUT FUSE FOR 
CLASS 11-213 

SCHEME 

FWD. OL 

FWD. 

FWD 

LTV 
 REV 

REV. 

OL 

REVERSING PUSHBUTTON LI 3 
LOW VOLTAGE PROTECTION 

LI 

SCHEME .2 

REVERSING PUSHBUTTON 
LOW VOLTAGE PROTECTION 
ADD JUMPER 2-2R ON STARTER 

STOP 

O 
2 <FW-11 

2R REV 
 o o  
IR 

OL grog' 
3 

JUMPER 

2R 

FWD. 
_a_ 

L3 

SCHEMATIC WIRING DIAGRAM 

CLASSES 11-203 AND 11-204-NON-REVERSING 

ELEMENTARY CONTROLLER DIAGRAM 

DISCONNECT SWITCH 

5 

CONTROL SCHEME "I 

LOW VOLTAGE PROTECTION WITH 
3 WIRE PUSH BUTTON START-
STOP OPERATION. 

MA. 

CONTROL SCHEME "2 I 5 
1  

LOW VOLTAGE RELEASE WITH 2 
WIRE PUSH BUTTON START - 
STOP OPERATION. START STOP 

OL 

START 2 TOP 
5 3 

OL 

OL 
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COMBINATION STARTERS WITH CIRCUIT BREAKERS, A-C MAGNETIC FULL-VOLTAGE 

ALLIS-CHALMERS TYPE S 

LI 

Fig. 1—Single Phase Fig 2 — 2 Phase, 3 Wire 

Fig. 3 — 2 Phase, 4 Wire Fig. 4-3 Phase 

•—• CI LI 
L-

START 
C I 

C 2 

S TOP f  t 

Fie. 5— 2 Wire Maintained Contact Fig. 6—Connections for 2 or more P. B. Stations 

NOTE: When External "Stop" Button or 2 Wire Maintained Contact is used remove A-L1 Jumper. 

COMBINATION STARTER WITH CIRCUIT tiREAKER WESTINGHOUSE 

Typical Wiring Diagram for 

Combination Linestarter with 
Automatic Nof ur e Circuit 

Breaker. 

For other Pushbutton Control 
Schemes Refer to Price List 

15-010 

0.L HEATER 

 eb  

0 L. HEATER 

 fb  

START 

-0 0  

STOP 0 L. 0.L. 

o I o  



CONTROLS - A-C MOTOR - COMBINATION STARTERS 405 

COMBINATION MAGNET IC STARTERS WITH CIRCUIT BREAKERS 

FOR SQUIRREL -CAGE AND WOUND -ROTOR MOTORS 

WESTINGHOUSE 

SCHEMATIC WIRING DIAGRAMS 

CLASS 11-206-NON-REVERSING 

ELEMENTARY CONTROLLER DIAGRAM 

A.B. CIRCUIT BREAKER 

LI -4 

TO A.C. SUPPLY L3-1 

L2-1 

5 M 

CONTROL SCHEME w I 

LOW VOLTAGE PROTECTION WITH 
3 WIRE PUSH BUTTON START-
STOP OPERATION 

CONTROL SCHEME N2 

LOW VOLTAGE RELEASE WITH 2 
WIRE PUSH BUTTON START - 
STGP OPERATION. 

OL 

START STOP 
L. 2  

M A. 

5 

3 
OL 

5 

START 
STOP OL 

SCHEMATIC WIRING DIAGRAMS 

TO 2 OR 3 PHASE 
3WIRE L3 
A C.SUPPLY 

SCHEME * 1 

REVERSING PUSHBUTTON LI 3 
LOW VOLTAGE PROTECTION 

CLASS 11-216-REVERSING 

ELEMENTARY CONTROLLER DIAGRAM 

FWD 

LI 

SCHEME *2 

REVERSING PUSHBUTTON 
LOW VOLTAGE PROTECTION 
ADD JUMPER 2-2R ON STARTER 

DL 

L3 
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Fig. 10—Skeleton stator frame. Fig. 
11—Riveted stator frame. Fig. 12—A, 
stator open slots; B, semiclosed slots. 
Fig. 13—Section of cast, interconnected 
double-squirrel-cage winding. Fig. 14— 
Section of simple double•squirrel-cage 
winding. Fig. 15—Squirrel-cage winding 
formed from a copper plate. Fig. 16— 
Joint between rotor bar and end ring 

Stator 
winding 

Line 
contactor 

—W-11 
FIG.2 

-Starting contacts 

e PC/ /1 17 /.1-7q, 
contacts p 

'Sta for• --

winding\ 

FIG.4 

Fi9. II 

none 

" ; Fig. 14 
Bottom bar 

Rotor core 

  -Bar 

"  'nd ring 4e( Lock washer 
-Ft9. 16 

Fig. 1—Diagram of star-connected sta-
tor windings. Fig. 2—Stator winding. 
connected delta. Fig. 3—Connections 
for starting with resistors or reactors in 
series with stator windings of a •3-phage 
motor. Fig. 4—Two auto-transformen 
connected to start a 3-phase motor. Fig. 
5—Connections for one direction of rota-
tion and Fig. opposite direction of ro-
tation of a 3-wire, 2-phase motor. Figs. 
7 and 8—Connections for opposite direc-
tions of rotation of a 3-phase motor 



CONTROLS - AC MOTOR - RESISTANCE STARTERS 407 

SEMI-AUTOMATIC RESISTANCE STARTER ALLEN-BRADLEY 

3 PHASE 

STARTING rCONTACTS 
I Lia 

TI)  

STOP 
BUTTON 

ON CABINET) 

- - - 

OVERLOAD 
RELA 

FOR REMOTE STOP 
CONTROL REMOVE 

THIS WIRE AND 

CONNECT AS PER 
DOTTED LINES 

BRADLEYUNIT 
RESISTORS 

RUNNING 
SWI rcH 

LOCK-IN 
CONTACTS 

 40 LO 0-T I T2 T3 OVERLOAD 
RELAY 

MOTOR 
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ALLEN BRADLEY 
St71/-AUTOMATIC RE51,5TANCE STARTER TYPE II-1652 

H. P.- 5 VOL TS : 220 PHA5E73 
CYCLE' 60 /VO: //6)06 

3 

BLOW-OUT 
COIL E, 

PUNNING CONTACTORS 

/43 

STICK 

CONTACT 

0•••• 

eARDON Pn e 
DEPRE53ER HANDLE 

CAR13 
PILE 

RE-3/570A.5 

TRIPPING 

re- OVERLOAD 

—0 
DASH 

CO/VT.4e 

R EL A Y5 

MO -VOLTAGE (1. 
 UNDER VOLTA& 

RELAV 
WOIDING "445 

0— 

MY/YE ELECT/W.4Z seva 
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T- - 

AUTOMATIC RESISTANCE STARTER 

3 PHASE OR 2 PHASE-3 WIRE 
SUPPLY LINES 

TIMING 
RELAY • 

T-

43 

1747: 

ALLEN—BRADLEY 

FOR 2 PHASE-3 WIRE, 
LINES L2 & T2 ARE COMMON. 
MAKE CERTAIN THAT CON-
TROLWIRE "A" IS CONNECTED 
TO THE COMMON LINE L2. 

Cl 

T121 

_7 _I 7/ 

BRADLEYUNIT 
RESISTORS 

OVERLOAD 
RELAY 

411  

STARTING 
SWITCH 

THIS DOTTED LINE CON. 
NECTION USED FOR TWO 
WIRE CONTROL ONLY 

LOCK-IN 
CONTACTS 

  SAFETY CUT-OUT 
(WHEN "OFF" SHOWS 

PUSH BUTTON TO RESET 

Ti T3 

RUNNING 
swiTcH 

Pl 'Ai BtTTON STATION 

ir.k- --I START 

4 01! STOP 

C2 J 

MOTOR 

LOCK-IN 
CONTACTS 

OVERLOAD 
RELAY 

2 WIRE CONTROL CONNECTION 
PROVIDES NO VOLTAGE RELEASE 

STARTER STARTER 

CONNECT JUMPER ACROSS HERE I OCCD 

ci I 

C3 

_ _ 

2 WIRE CONTROL 
DEVICE SUCH AS 
THERMOSTAT. 
FLOAT SWITCH. 

PRESSURE 
SWITCH, ETC 

CI 

C2 

L__ _ _ 
_ _L LAST PUSH BUTTON TO BE CONNECTED LIKE STATION 3_ 

3 WIRE PUSH BUTTON CONNECTIONS 
PROVIDES NO VOLTAGE PROTECTION 

CONNECTIONS FOR TWO OR MORE PUSH BUTTON STATIONS 

r — — 
I c=, START START 

  I 
F--r_i¡L 'START 

STOP 

STATION 3 

STOP 

STATION 1 STATION 2 
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ALLEN BRADLEY 
TYPE .1 3052 AUTOMATIC RESISTANCE 

STARTER 3 PHASE 
Ae 37AR77/VG NAG/YET R. t RU/WW/Y6 MAGNET 

A.M. ARE UNDERVOLTAGE RELAYS 
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4 /AI.E5 

Li 4£ 3 

Zee  

e2T 

17? 

Z3 

re 
07'3 

MoToR 
o  

Ti 

.3 

2 W!RE PILOT DEVICE 

2 ---0 

3-

3 WIRE PILOT DEVICE 
A 

2 

3 

. 
r 

I I I 
I 

sp 

WHEN MORE THAN ONE 

Pus H eurron STATION IS 

USE-0 CONNeCT PER 

001- TEO IMES 0Ima TING 

CONNECTION .A-11-. 

, 
fevA/L.--crAews Ape-Ls/6-7-6,e A el TV A-/A1 S Tr,/ "F 7 -e .:f 

• I • TyPe (5727D/MO  

Cm I, ) BY • 4 Y •40 •vP WO Illy 

CUTLER- HAMMER INC. 
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SINGLE-STEP PRIMARY RESISTOR-TYPE AUTOMATIC STARTal 

FOR SQUIRRM., CAGE INDUCTION MOTORS 

GENERAL ELECTRIC CR 7056 

Front View 

4 

6 

L1 
4 

Lines 

L3 3 
O 0-

Start 

I f, 
CR2940-BS79J 
Push Button t 1 

SLLO-P 
Stat on 

°I 2 

 4 LE 

`t\A  

or CR7Q56-D6 only 

Starting Resistor 

Rl R2 R3 

A C 
 6 

Temperature. 
Overload 
Relay,Hand 
Reset-to be 
Mounted by 
Purchaser 

L_ _  

R4 

5 

25 

o 

rf I r 
LILL 2L L3 3 _ILII Motor 

If S.P. Master Sw tch is used in place of 
Push Button Station connect .5.5 shown. 



CONTROLS - A-C MOTOR - RESISTANCE STARTERS 413 

I 
WIRIDG DIAGRAMS 

A. C. REOU(EO VOLTAGE STARTERS-PRIMARY RESISTOR TYPE (LASSES 8547, 8747 

LI 

A 
START 

Ol 
wal7s_r_a „Le_ j__&66___Ct ST" C CI 

A 

- 

12 

TYPICAL LINE DIAGRAM FOR 

CLASS 8547 SINGLE PHASE, 

NON-REVERSING PRIMARY 

RESISTOR TYPE STARTER 
TYPICAL LINE DIAGRAM FOR 

CLASS 8547 THREE PHASE, 

NON- REVERSING PRIMARY 

RESISTOR TYPE STARTER 

F FORWARD 
STOP 

c"- R CI ,Wilw Cl CS 

r r F 
0  

O: 

REVERSC 
\ R 

Ce" C• 

R i-o o 

r 
 e--o o--•  

R 
-o o-

....... 

TYPICAL LINE DIAGRAM FOR 

CLASS 8747 THREE PHASE, 

REVERSING PRIMARY RESISTOR 

TYPE STARTER 

Wiring diagrams changed since previous issue. 
SQUARE D COMPANY 
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MAGNETIC TIME—LIMIT RESISTANCE STARTERS FOR SQUIRREL—CAGE INDUCTION MOTORS 

WESTINGHOUSE 

SCHEMATIC WIRING DIAGRAMS 

TWO-POINT ACCELERATION 

L2   
--I I 

L3 

THREE-STEPS—FOUR-POINT ACCELERATION 

— LI 

TO 3 PH. 

60 CY. < 
SUPPLY 

OL 

OL 

L2 

Rrtarting Resistor RI T2  

A 
 I F  -

R12  RII 13 
Starting Res771 

R22 

A 

Starting Resistor 
R2I TI 

A 

(Time) 

STARTING RESISTOR 

IA T 24. 3AT 

R4 OL. 

Rh I   RI4 T2 
/STARTING RES STOR  ?  

1R12 .1.R13 j. 
IA.. 2AT 3A T  

L3 R2I 
STARTING RESISTOR 

IR22 IR23 
IA 2AT 3AT 

R24 °L• T3 

TI 
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Fig. 1 — 2 Phase, 3 Wire Fig. 2 — 2 Phase, 4 Wire 

A-R 
AF 

FORWARD I 0-1- C I.r 
REVERSE 
STOP 

1-
FORWARD.STOP REVERSE 

NON.PLUGGING 

Fig. 4 

AC Magnetic Full Voltage 

25-60 Cycle 

REVERSING STARTERS 

Typical Wiring Diagrams 
3 Pole 

ALLIS-CHAUMS 

Fig. 3 —3 Phase 

Type S 

110-600 Volts 

WIRING DIAGRAMS FOR PILOT CONTROLS 

FORWARD I 

STOP L1 F 

REVERSE I 

A-R 

FORWARD-REVERSE-STOP 

PLUGGING 

LI-F 
FORWARD. 0-i.0 1 

0-t--Cl-F 

REVERSE I CU-D I 

FORWARD•REVERSE 

MANUALLY HELD 

Fig. 5 Fig. 6 
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CR2960 SY 105 
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T Ti 

T4 i IJ 
Single -phase 
SCA motor 

Single-phase motors 

Reversing 
winding 

Li nes Front view 
L2 L LiL41.74 — 

'Reverse Forward 
Li   
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Front view 

Slovv 
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I — E . 
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L ___1 7 7 7 
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Reversing switch motor 

Fast-1 

CR2960 5V 105 
Transfer switch 

Three-phase motors 

Transfer switch 
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Shunt field-" 

cffmnofilo 

CR2960 SY 105 
reversing switch 

Direct-current motors 

Front view 

l,i tever-se For ward 

Lit 1 TI  , 
u 

tI t 
I — I— 
L _ _ _ _ 

CR2960 SY 105 
Reversing Switch 

_J 13 tic) 1 Phase 1 

 cr 4 l 7 I Phase 2 
L _ 2__J 
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REVERSING MAGNETIC SWITCH, 3-PHASE MOTORS GENERAL ELECTRIC CR 7009 

Back view 

V4 

1 
1 

1 2 

4 
5 

2 01 

Lines 
Li L3 L2 

__/\1\1\ 
junc____747)_ 

Resistor 2A 1 
(if' used) 

3 

-1 For. 
I 

G 

0 0 
LL 

CR 2940-3 
push button 

stati on 

!Rev. 
1  

'Stop 

4 4A 

Resi stor 
(if used) 

M 

o 
=  

9 
T3 

Temp. OL relay 
hand reset 

heaters to be 
I mounted by 
Lpurchaser. 

14 
9 I c 3 

Stop 

Control CR 2940-3 circuit 
push button station 

Ti 

por. r - 
2 9i T31I -r  

I Rev. — — — — 

T2 

REVERSING STARTER, 3-PHASE MOTORS SQUARE D CLASS 2510 TYPE W21 

ROL 

LI 

L2 

L3 

CLASS 2510, TYPE W21 
REVERSING STARTER 

1748 



R. C. REVERSIRG MRGRETIC STARTERS 

WIR1116 DIAGRAMS 
[LASS 8736 

oi. F FORWARD . L fr STOP c3i —IL c2 i 

ç) i °F 

te 
`, A REVERSE 

LS111 
_JD C22 

1—_: .1 = 3.15-

- 

CI 

01. TI 

T4 

LINE DIAGRAM FOR REVERSING STARTER USED WITH 

SINGLE PHASE 4-WIRE SPLIT PHASE MOTOR. 

FORwaRo 
I. IF 

01. C 31 —a— C21 STOP 

REVERSE Lsoi 
c 32 —A— cu. 

CI 

LI 

Li 

LINE DIAGRAM FOR REVERSING STARTER USED WITH 

SINGLE PHASE 4 WIRE REPULSION-INDUCTION MOTOR 

01. 

• R 

Li 

L2. 

s TOP 
FORPFA 11D 

C31 Cli LIP 

REVERSE L SR 
C32 —a— C12 

LINE. DIAGRAM FOR REVERSING STARTER USED 

WITH SINGLE PHASE 3 WIRE MOTOR 

08. 
FORWARD 

LIP 
C 31 A.A.* C21 

STO. 

REVE- RSE 

C32 waw, 22 LS.' 

01:7 

CI 

LINE DIA4RAM POR REVERSING STARTER USED 

WITH TWO PHASE 4-WIRE MOTOR. 

LINE DIAGRAM FOR THREE PHASE. REVERSING 

STARTER USED WITH TWO PHASE MOTOR ON 

3- WIRE POWER SYSTEM. 

LI 

L2 

L3 

OL 

••  R 

FORWARD 

CII —a— C21 LS ' 

REVERSE 
LIA 

£32 —A— C22 

STOP 

CI 

LINE DIAGRAM FOR REVERSING STARTER USED 

WITH THREE PHASE 3- WIRE MOTOR. 
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REVERSING A-C MOTOR CONTROLS WESTINGHOUSE 

SCHEMATIC WIRING DIAGRAM 

OL 

To 
3PIr• L 
SuP0,7 

L3 (1.3) 

Stg •0 
R3 

FOR OR TI 

Conl on 0,um • 

IF 1  2 RH 14" 

OL 

3 

F R FEW 

Conl on drum 

DRUM CONTROLLER 

front View-Honclle Encl 
Pev-*- --94441.  

oPU 

qtri 

L 
L3L2 

With 3 Pnose Motor 

POR 3-PHASE A. C. M OTOR 

TYPICAL SCHEMATIC DIAGRAM 

r - 

L2 L3 LI 

CI HPAYER HÉDkIFERC) 
0.L. 

(- HEATER 
L. 

HEATERC* 

REVERSE 

L 

12 13 TI 

FORWARD 

REVERSING LINE STARTER 

DRUM SWITCH REVERSING LINE STARTER 
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REVERSING DRUM SWITCHES WESTINGHOUSE 

Front View -Handle End 

Pey Fwd. 

Motor 
Leads 

For Type RV or 
ARS 1-Phase A.C. Motor 

Front View -Handle End 

Pee. 4b-- --1› Fret 

L2 

Front View - Handle End 

Rev .e— —› Fwd. 

Binding 
Posts 

Li L2 

Motor 
Leads 

For Type CAH 1-Phase Motor 

Front View -11andie End 

Binding 
Posts 

Li 1 

Motor 
Leads 

For Type RV or 
ARS 1-Phase A.C. Motor For Type CAH 1-Phase A.C. Motor 



422 CONTROLS - A-C MOTOR - MULTI SPEED CONTROLLERS 

2- SPEED CONSEQUENT POLE 
SQUIRREL CAGE MOTOR AND STARTER 

HG t1 SPEED 
CONT ACTS -A 

3 PHASE LINE 

L Ow SPEED 
EONT AC--1 - C 

a pa pa 

• 

OVERLOAD I OVERLOAD 
RF_LAY TRW 
HET ERS 3 CONTACTS 

• 

NN314 SPEED 
CONTACT. 5 - 

• 

al s 

HIG H SPEED CONSEQUENT 
POLE CONNECT ION. 
CONNECT TO UNE T4 -15-16 
CONNECT TD6E TNER-T 
CONSEQUENT POLE C OPUI-
ECI ION CAUSES 8 POLE 
WINDUlf, TO OPERATE AS 
4- POLE PARALLE\_ 5TAR. 

• 

Tt 1a13 1-4 15 

2- 3 

TE. 

3 

3 

OW 5FEECIft"....psp1C7H E1D 

STOP 

LOW SPEED SERIES 

OF,L1 a POLE 
S•TATOR WINDING. 

CONNECT TO 
tint Ti -T2-- T3 
OPErt T+-T5-T6 

With a given frequency, the speed of an induction motor can be changed only by altering the number of 
poles. This may be accomplished by: (a) using two distinct windings in the stator; ( b) employing a 

special winding in which the number of poles can be varied by reconnecting the winding external to the 
motor. The winding in the motor shown above uses the latter method, one connection producing four 
poles and the other eight and giving speeds of about 1800 and 900 R. P .M. respectively. The required 

change in connections is easily and quickly made by the special type controller shown above. This 
starter has three sets of contactors that are so mechanically and electrically interlocked that press-
ing of the low speed button will close contactor C only, whereas pushing the high speed button will 

result in A and B being pulled in, and this action will cause C to drop out. A check on the wiring 
will show that it is impossible for both the high speed and the low speed contactors to be in at the 

same time. Inspect this equipment, note the action of the relays, and trace the circuits. 
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ENGINEERING INrORWITION 
CONNECTION DIAGRAMS MULTI-SPEED CAPACITOR MOTORS 

TYPE CPXM 3 SPEED 3 WINDING 

1 PHASE 

TWO RELAY CONTROL SHOWING LOW SPEED & MEDIUM SPEED ON RELAY e; HIGH SPEED ON RELAY IQ 

NOTE: Three pole switch must be used for satisfactory operation of relay if 
used for starting and stopping the motor. If speed °hanging switch is used 

Line. for starting and stopping a 2 pole S.T. disconnect switch may be used. 

1--0 

Low Med High 

Capacitor Unit 2 Potential Relays 

To reverse d;rection of rotation 
interchange T2 & T4, T12 & T14, T22 & T24 

Line 

U 4-4eh 

Relay±i  Reiçurei 

TWO RELAY CUNTROL SHOWING LOW SPEED ON RELAY es MEDIUM SPEED & HIGH SPEED ON RELAY $2 

NOTE: Three pole switch must be used for satisfactory operation of relay if 
used for starting and stopping the motor. If speed changing switch is 
used for starting and stopping a 2 pole S.T. disconnect switch may be used. 

Low Méd High 

-TT 

To reverse direction of rotation interchange 
leads T2 & T4, T12 & T14, T22 & T24 

Sec.51 

Capacitor Unit - 2 Potential Relays 
CENTURY ELECTRIC COWAMY, T. LOUIS, W. 



If motor is connected 
according to D5 39991 
wire as shown below 

T11 

TI2J A L TI3 
T17 T3 

CR2940-3E1 push ,_R710-7_ K6H 
button station `- 

r---1 

,6 
Fast 2 

4 •:Slow 
6 
'Stop 

LJ 

High 

17r1, r-2 4=1 
Motor f  1- T Lines 

Tip Ti 

TIT2 T3 Li L3 L2 
1 

3 T12 T11 

If motor is connected 
according to D53992 
wire as shown below 

T11 

CR2940-3E1 push 
button station 

2 I Fast 
6 

15low 
6 

51 
15top 

1.0LJ 

4 

1 2 3 4 5 

Tz T3 L3 L2 T13 T12 T11 

1-11 

Lines 
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Back view 
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0117. 0.4   
I------1 
i 11 -12 

2 3 

13 L2 
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5,2 

Li ne 5 
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12 

io 10 

OL 

4 

Motor connections 
D5 37594 

K437776I or K4378530 

—0 

Fast 
6 
Slow 

 Stop 
LJ"5 

CR2940-3E1 push 
button station 

OL= Hand reset. temperature overload relay 
Heaters to be mounted by purchaser 
mechanical interlock between contactors 
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MAGNETIC SWITCH WITH COMPELLING RELAY. FOR LOW-VOLTAGE 2-SPEED SEPARATE WINDING 

SQUIRREL-CAGE INDUCTION MOTORS GENERAL ELECTRIC CR 7107 

CR7107- K6AJ Back View 

iG?  

CR 
II 

3 

6 

i3 

2 

10 
z 

T1 014 

ea.». 

 -64 
o o 

oTJ 

2 

For motor per D537594 
connect motor term-
inals to corresponding 
panel term i na I s 

Ti 

co`  
C • 

LI 
L3 
L 2 

10 

9 

8 

ob 

1209 

T13 OL 
Tir 

Limit switch 
(if used) 

6oe- 07 

T3X 'L.Tz 17À T13 

For motors with an open-delta 
winding. One line to be carried 
direct to motor. For example 
For D5- K 1191189 

Connect to corre .spondinq 
panel terminals 

u 
we) 
C 

00 
U4-1 e  

Ti wwT2 Tia T13 

1 

71 Stop 
i5o o I 

_J CR 2940-3E1 

push button station 
(or equal ) 

Mechanical interlock bet.ween .i-4 
OL = Hand reset temperature 

over load relay 
CR COm pel I in9 relay 



426 CONTROLS - A C MOTOR MULTI ›SPEED CONTROLLERS 

MAGNETIC SWITCH WITH SEQUENCE RF,LAY. FOR LOW-VOLTAGE 2-SPEED SEPARATE WINDING 

SQUIRREL-CAGE INDUCTION MOTORS GENERAL ELECTRIC CR 7107 

.c. o 

0 
co 

 = 4-0  
 r-‘  

V) re) 

o  
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— 
--cr) (•1 

0 t --
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REVERSING AND NON-REVERSING 

MANUAL MULTI-SPEED DRUM CONTROLLERS 
FOR MULTI-SPEED SQUIRREL CAGE MOTORS 

SCHEMATIC WIRING DIAGRAMS 

T3 
17 

15 

14 

T2 

CONSTANT TORQUE 

TI 

FOUR-SPEED DRUMS 

T6 

113 
T17 

T15 

T14 

T12 

TII 

116 

POINT LI L2 L3 OPEN TOGETHER --.-
REVERSE-  T2 71;711 13,T7 14,75,16 - 

OFF C 

1ST FORWARD TITII 12 T3,77 74,T5;r6 

2ND FORWARD 11;rII 112 713,T17 714,715716 

3RD FORWARD T6 T4 15 11,12,13,17 

4TH FORWARD 116 114 115 111,112;713717 

MOTORS WITHOUT T7ORTI7 LEADS,LEAVE THESE 

LEADS DISCONNECTED AT THE CONTROLLER 

CONSTANT HORSEPOWER 

14 

13 TI 

T5 

17 

12 

16 

114 

113 III 

115 

TI7 

112 

116 

POINT LI L2 L3 OPEN TOGETHER 

REVERSE 12 TI 73 T4,75,T6,77 

OFF C 

1ST FORWARD TI 72 73 74,751"6,77 

2ND FORWARD III 112 713 114,115,116,117 

3RD FORWARD 16 T4 T5,77 11,12,73 

4TH FORWARD 116 114 115,717 111;r12,TI3 

TWO-SPEED DRUMS-SINGLE WINDING MOTORS 

CONSTANT TORQUE 

T4 

TS 16 

SPEED LI L2 L3 TOGETHER 

LOW TI 12 13 

HIGH 76 T4 15 11;1'2,13 

TI 

73 

CONSTANT HORSEPOWER 

14 

T3 TI 

15 
72 

16 

SPEED LI L2 L3 TOGETHER 

LOW TI 12 13 14 ,15,76 

HIGH 16 14 15 

TWO-SPEED DRUMS-TWO WINDING MOTORS 

MOTOR 
WINDINGS 

T2 
113 

III 

112 

ON THE VARIOUS POINTS OF THE SWITCH,CON -

NECTIONS ARE MADE FROM THE LINE TO 

MOTOR TERMINALS AS INDICATED BELOW 

SPEED LI L2 L3 CONNECT TOGETHER 

LOW TI T2 T3 NONE 

HIGH 711 112 113 NONE 
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TWO-SPEED MAGNETIC CONTROLLER, NON-REVERS I NG , FOR SQUIRREL-CAGE INDUCTION MOTORS 

WEST I NGHOUS E 

SCHEMATIC WIRING DIAGRAMS—CLASS 11-950  

SCHEME *1 

LI  

L3 

L2 

GF 2-F 

GS 

OLF 

T13 

TII 

SCHEMATIC WIRING DIAGRAM 

Left: Schematic 

T2 for Two-Speed 
T3 2-Winding Motor 

L3 

0 L S 
0 L F 

For Class 11-951 

LS 
1 A D 1-0L 

L2 

sTop SLOW FAST 2-0L 1-0L 

! 

Fa LS. Fo HSa 

6-11-11 
Ra 9 Ra 

*-11- 2- 11- e 
lea 

10 

Right: Schematic 

for Two-Speed 

Sirgie Winding 

Motor 

LI 

L3 

L2 

Slow 

• Fast 

Stop 
LI 

Slow 

S -O. L. Fast 

TWO- SPEED MAGNETIC CONTROLLER 

RE V t.RS I NG 

FOR SQUIRREL -CAGE INDUCT ION MOTORS 

WEST INGHOUS E 

SQUARE D COMPANY 

CLASS 2510, TYPE W20 
FOR TWO-SPEED SEPARATE WINDING 
"Y" CONNECTED MOTORS. 
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PR I NCI PLES or AUTO -TRANSFORMER STARTERS 

-A- E = 2 20 VOLTS 
Z_ = 2.2 °HMS 

-B- E = 110 VOLTS 

Z. = 2.2 °rims so 100 
I 

•1 

o 
N _ 

ei 

T. -- too AMPS. 
T = 10 Lb. FT. 

MOTOR STARTS AT FULL 

LINE VOLTAGE AND DRAWS 

A HEAVY CURRENT FROM 
THE. LINE. 

1 

uJ 

o 
..- 

I = SO AMPS. 

T = 2 Y2. LB. FT. 

MOTOR STARTS WITH 

REDUCED VOLTAGE .CURRENT 

AND TORQUE ARE REDUCED 
ALSO. 

220E 
IDOO• PH 

-C.- 
AT 'STARTING IS 

-0-
AFTER A CERTAIN 

VOLTAGE 
2.5 INTERVAL OF TIME 

i 

lc 

2) REDUCED tyy AUTO-TRANS. 
NOTE THAT THE LINE WATTS 

EQUAL MOTOR WAITS, BUT eol. 
li. 

MOTOR IS SWVICHED 

ACROSS THE LINE 

ANC) TRANSFORMER 

iii 4 THAT LINE CURRENT IS Ot•ILY 
•> Va. CURRENT. 

tu _. se•So 
IS CUT OUT. 

o 
eà 
na 

'• 

' 

MOTOR o 
N 
at 

, 50 
I i 10 L. 3 H.P. • 3H.? 

• 

. CURRENT FROM LINE 

• INDUCED CURRENT 

-E- MOTOR STAR-TING AT FULL 

LINE VOLTAGE. NOTE 

-F-
STARTING AT •-4 ALF 

iii 
w1 1 
..0 
x 2.20E 
o_ 

0 

220E. 

e 
THAT ALL LINES CARRY 
THE SAME CURRENT. 
VOLTAGE BETWEEN ANY 
PAIR OF WIRES IS THE 

E.. 

a 

E. 110E 
re) 

0 

110E 

I 5 0 

VOLTAGE.. NOTE THAT 
CURRENT IS I-1 ALv ED . 

TORQUE Is QUARTERED. 

0 
id 
, 

220E 

SAM 

Í 

iu 

 o _ 

I 

110E 
o 

7.5N.P. 
N 

I 
7.6 H.P. 

i t e 
0 

Ui 

o 

-1-

Ui 

o 

NOTE THAT LINE 

CURRENT IS oNLy 
sol. OF MOTOR 

CURRENT. 

110 E 
1 PH. 

TRANS. ARE CONNECTED 

OPEN DELTA. 

• 

o. 

uà 

o 

N 

 • 

80% 
11.3 

507. 

SO/. 
bs 
15o y. 

\NHEN RUNNIN6 

MOTOR IS 

CONNECTED 

DIRECTLY 
ACROSS LINE. 

TNE TWO TRANS. 

ARRANGEMENT MAY 

BE USED FOR EITNER 

2 rm. OR 36=ti. STARTERS. 

1.5 N.P. 

e.OVNE 
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ALLEN BRADLEY AUTO TRANSFORMER STARTER - 

Line 
switch. 

Thermal 
overload 

OFF POSITION STARTING POSITION 

Motor 
starting 
switch. 

RUNNING POSITION 

,,'g,, 
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Lift/ES 
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A. C. MAHAL (OMPEDSATORS 

STOP 
DUTTON 

I. 3 3 T 

HI 

L   

I T 

SQUARE D 

- 1 

OLD 

,p‘h 

LOW LOW 
O TOONSIORNICR 

.41014 

HZ 

CLASS 2205 THREE PHASE A.C.MANUAL 
COMPENSATOR WITH OIL DASH POT 
TYPE MAGNETIC OVERLOAD RELAYS 

LOW-VOLTAGE THREE-PHASE HAND COMPENSATOR 

GENERAL ELECTRIC CR 1034 

Lines 

If solenoid broke 
is used, connect 
per dotted line 

Undervoltage coil 

Temperature 
overload relay 

Stop-réset button 

Running contacts 
(bock) 

Movable contacts , 
Starting contacts _.,1 

(front) 
Autotronsf or mer 

Finish nish T o.—3_•. 

Tap no 2--•• 
Tap no 1— •• , IA 
Start --•• 

L_ 

3-phose 
motor 

MISS 2205 
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LOW-VOLTAGE TWO -PHASE HAND COMPENSATOR - GENERAL ELECTRIC CR 1034 

Phase 1 
Phase 2 

Lines 

If Solenoid Brake 
is Used Connect 
Per Dotted Li ne 

Under Voltage Coi I 

L3 L2 

2- PhasE. 
Motor 

3 n 1 - - -0To 
I 0T4 
I 

/ e ; :  

Te ni peratu.re   
Overload Relay 

Stop-Reset Button 

L4 

-01 

Running' Contacts   
(Back)   

Movable Con -tacts - -0 
Startjnq Contacts  _ _0  

(Front) 
Auto-Transformer 

Fi nish 
Tap No.3 
Tap No. 2 
Tap No.1 
Start 

0T2 

T4 T3 
o 0-0 0 

I Ll 

FA 

¡A 

IA 

FB 
38 
2 
1B 
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AUTOMATIC COMPENSATOR WITH THREE-PHASE SQUIRREL CAGE INDUCTION MOTOR 

GENERAL ELECTRIC CR 7051 

CR 2940 push 
button stations 

Stare 12- 11"o o-1-125tert 
1 Stop Lines 

Stop 

---i 0- 2 
1 

[ 12  Ll T1pL2 

Run 

Start 

Red 

6 

cl 

T2 

1.•111.• 

C 

FA QATÇFB 0TB0FC 
3C 

3A 2A 

IA 

35 28 

L3c t3  iii ‘ 
IT3 T2711 

Motor 

Bac 
Co r-1 tactor 
(run) 

OA OB OC 

White Motor 

12 

 loI 6 

Black 

Time 

accelerat-
inS na 

If 5. P. 1--
master 
switch 

is u.seci 
connect 
as shown 

  Front 
contactor 
(start) 

Temperature 
overload 
reLay 

heater units 
1,to be mounted 
by purchaser 

No. 
Per cc2nt line, 
volts obtained 

OCoiLP:" 2 Taps 
o4 
/F 

Taps of auto- 
transformer 

' 80 



436 CONTROLS A-C MOTOR - COMPENSATOR STARTERS 

GENERAL. ELECTRIC AUTOMATIC COMPENSATOR 

MO TO 

BLOWOUT COIL 

0— 

RUNNING) CONTACTS 

Run /7 1/79 

frlognet--' 

INTERLOCKIN6 

CONTACTS 

Ho/ding 

STICK CONTACTS 

Relay 
Motor 

Re/ay 
Nogn et 

IM1 

1 

9MMIL 

rm-reTARTIN6 CONTACTS 

AUTO 
TRANS. 

THREE POS/T/ON5 OF TIMING 
NORMAL 

(1 

ST/Clf OR /-/OLD/N6 
RELAY 

RUNNING 
MOSTAT IC 

OVERLOAD RELEASE 

COYNE ELECTRICAL ScwooL 
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MANUAL COMPENSATOR NON-REVERS ING - WESTINGHOUSE 

S WPM AT IC DIAGRAM 

O.L. 
HEATER 

TO MOTOR 

TI T3, 

4 
3 2 

TRANSFORMER 

LV. COIL 0.L.TRIP 

 L3 L2, 

TO 3 ÇrSUPPLY 

T21" 

0 L. 
HEATER 

START 

RUN 

MAGNET IC COMPENSATOR NON-REVERSING - WESTINGHOUSE 

SCHEMATIC DIAGRAM 

TO A C SUPPLY 

'L 

TRANSFORMER`C" 

R SI— R S1 
— 

OL T3 ° 
Ti T2 

STOP START Rce 
1.•  

1S 2o 

SCR 

T5 

T2 

--1 

e 

52 
TRANSFORMER"O" 

AAAAAAAA S 

— SI 

Ro OL 

T2 

• SCR Sto 
• 

RCR  

SI 

S2 
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•13 •L B SC• 3131— 

L2 A C• 5a Ill 
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WEST/A/GI/OUSE AUTOMATIC COMPENSATOR 

OVERLOAD 
TRIP CONTACTS 

=I 

RUNNIN6 CONTACT() 

e u 

z 

STARTIMr. 
CONTACTO 

5/art 

5/0fie i=e 

°OVERLOAD RELAY 

ORceNfre MAGNET 

°START/NG MAGNET 

®Timi/V6 RELAY 



440 CONTROLS - A-C MOTOR WOUND ROTOR 

Speed Adjustment 
To 3-phase 
porr.r supply 

Series 
trans former s 

Sliprings. 

Ventilating ran 

Co/now/Iota,. 

FIG. 2 

Stator, 

Commutator 

Secondor y 
winding 

Primary 
winding 

FIG. 3 

Fig. 1—Diagram of polyphase commutator motor, speed of which is varied by changing position of brushes. Fig. 2—Rotor for 

adjustable-speed polyphase motor. Fig. 3—Diagram of rotor and stator circuits for a polyphase adjustable-speed motor 

Wound-Rotor 

Motors 

To .1-phase 
power supply 

Fig. 1—Rotor for a wourid•rotor or slip. 
ring motor. Fig. 2—Diagram of wound-
rotor motor and its starting resistance. 
Fig. 3—Combination of a squirrel.cage 
and a coil winding on rotor, for auto. 
matie starting. 

(Squirrel- cage winding 

4 tsr0,9 
`cortoctorp 

"Starting IPSIstor• " 

,-Insulorect winding 
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RI 

DRUM CONTROLLER - SLIP RINE, INDUCTION MOTOR 

NOTE:-THE RESISTOR NUMBERING 
SYSTEM AND THE ORDER IN WHICH THE 

DIFFERENT SECTIONS ARE SHORT-CIRCUITED 
MAY VARY WITH DIFFERENT CONTROLLERS. 

RES. seTWE.tN RI AND R/2. 
---vv\AArI2"  IR3 

STEP 3 SHUNT SECT‘ON OF STEP4 SHUNT SECTION OF RES. BETWeEN Fit AMP R2 STEP 5 CONNECT R23, (213 
AND R3 TO62THIER 

R22 R23 

5R 

TRACE CIRCUIT THROUG14 

EACH STEP SHOWN. 

RI 

STEP 2. SHUNT SECTION or 
RCS. ETWEEN Rl AND R22 

RI 2 R.I3 

C.DYNE. 
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Fl(r. I coe STReTINçr DUTY -(/0 ST(PS) 
CONNECT AS BELOW. 

P X egne.14-

ret 
VoLTS AMPS 

/000 
/000 

O0 

dY 400 

414.'670 

'I ii J 
0. 

1-L111_ 111 
rTfrgircoce moueorev frefe" 
le-oecoeie/Errioeis JEE 
rigs g 7-0 C L.— ---1 

NOTE: 
ro ft STAWT/N4, Dory 
ooNrroLLERs A RE 

Kb 5.4 IPDED FROM 
 A-AE•roRy \,,, ye-, 

IMOLLDLE Fin&ER. 4- 4..,G5 AY R.4 R /44RE4 IELECTRICIAK, 15 
CAL,T,ONED 7-0 CHEE,c 
CONNECT/0/1J ro zirE 
CERTA/N7NAT TNE 1 DOL,28.4 E ...-/Neek-Se 
LOGS 4E /ft,' PLACE 
IN ORDER ro_erc44,Z-
P14,opEli. C-0N,NENT 
CAR e 'wed cAPAC / ry 

RI 

Nes 

Li L1L3c4 

4;1 
4A.vire 

2p, 
4 Ore 

Till 

3 

Z oR 3 PAS( 
SLIP-

pezfretyceir sréfr WNW useD MOTO 
I 1/Ale 

A-4Z C' SPEED eEet uLAT/e/q ,DurY-(nsr(Pj) 
CONNECT' AS laow. 

MAX eAr//./q 

TYPE /4/4 _SECONDARY 

vo ri AMPJ 

"  /000 
/000 

/00 
ZOO 

NOTE' 
FOR .8 PEED 
RELIOLATISODL,TV 

1 Z 3 4 5 s 7 8 8 /on REMOVE 3 mouse.E 
FINGER LOGS %meet 

ORZ III1 
I .84.03-4 ri Teri' S/x 

qrgorollre/42715Proz7.5 
CONNECr F,nerPs ORI 

ORe SINGLE P/N6E7r 

1 vv41-:171•44 3Z•Ceekliei:511NWSW/ 4 71 ¡en) 
ORZ1 

e°0 ge l, l ONE FR CACA e/N4ab 

er44:Ígi ecid44eNdeceievien2f. 

Q R4 

ogzu ll piriefu.,:efun.ve 
04» cOw,F,:.Scor:7:547.:N. 4 er Ale 7: v7f3à- rw  

ro co/Pee/Po...4, wirm 

o 9:4 1111111 

Ref Lu0,5 Ft..,PN4s,,,,eb oN SPEED 
RE48‘,LATING 

e25 1 11111111 eL'S ,S TOR. 

FF-E/a0c.‹ /noun/TED HERE 
Foe' CowwEcr ones jEé-
1A-4q.s A To C 

_.I 

NNEW INTERCO« IS USED «Never r ro 
edEer QQEM(N7 IN accok.04./cc 
WITH Onif or THE 2),AqRAMJ BELow 7.282.2 D2 
Fly 

Ped/ISE I 

AZ RS 

L /NE5 
Li LE CO t4 

z oRS Pi/AJE 
SLIP- eft* 
eloroR 

FOR LOW VOLTAIC PROTECT4ON 04.1 ALL POINTS EXCEPT 
wmcw PROVIDES LOW voLrgyE RELEAse. 

I I I I I II I I I 

 Li 
LE AC 

C :7:11,3 LmiES 

TO   
OrOg Al { 

— loom/Lev 

CeNTACTOP 

ricr 19 
Fate ifriTERLOCK/tVq wire/ PR/M//eV h444-eleric Coe/Tierce 
COMPELLINe Jr4sered* FROM 'ore- PaStrioel-PleVIDES 
LOW- VoLlecrE PeoreCTION ON ALL PoleIrs 

/remove jurrow coNnocr 
FROM 1,05iriON 45 tolf),cArica 
Jr' ..00rrçe LINES AND 
AJJEM8LE AS swore*, 

c 
tiNCI 

—11741/MAN4 
icoen-AcroR 

riCr C 

copeiccr RESISTOR TERM/mks swore., Afyon- ro coReesgoschve <-1NEes IN »fun coNreaux, 

FOR IN rERLOCKiNCT WI TN Pe/mger MANUAL JWircid 

efoovE BeirTON (04,/r/kT 
rgoen POS/ricie/ 43 W111,..11FED 

-00rrE.11 LINES ,17ND 
ASSEMBLE A5 _1-NOwN 

4 1 14 # S' 

1111111 1 11 

CONNECT TO LocKoi./T Con /el PRiemer MANUAL JW/rEII 

G I  

CONNECTONS FoR c Now•RÉvE-RsE 
Dee coeireOLLE 

JL,P-eiede reoroe 

A 

D 

F 

0FIX 
*Ho. 

/VI deg) e..11(  
talk  

•-•-• DEL/CZ-Ma 

CUTLER•HAMMER. INC. •0•1• 



444 CONTROLS - A-C MOTOR - WOUND ROTOR 

RHEOSTAT FOR 1NOUND-ROTOR INDUCTION 
Secondar 

Front Vied oP 3 or 
Phase 
Motor 

miM2M3 
R2 A 
RI A 

3 MI M 
2o— 0— 

R2 

M3 

AUTOMATIC STARTER 

GENERAL ELECTRIC 

CR 7022 

Connection of 
CR28Il Switch to 
Operate Unloader 

MOTORS 
3 Phase 
Motor 

Primary 

GENERAL ELECTRIC CR 1028 
2 Phase 2Phase 
3 Wire 4 Wire 
Motor Motor 
Primary Primary 

Phetut I 
Ph8S6 2 

T312 TI T3 1211 T4T3T2T1 

Connect to correspondirS" 
TermblaI5 on Primary dic 
Tgrminals 1-2 -3 only For , 

Manetcaily operated Primary 5yJitch 

I To Holding Circuit Interlock,Terminal 1 
2To Magne-t Coil, Terminal 2 
3To Line Control Terminal 3 

Lines 

LI Back View 

QLQ- -1 St rt I LE 15i3 ( 
 4 7 

L32_2 

`o 

Push 
ButtonStationf--  

Lt-T II-4' _4.oa 2  
3 2 

Stop I o o 
4 

2 
o 

M 

0 L 

7 

0 1 2 3 - - 

'113 T2 TL 

Motor 

IA 

6 

2A 

Time 
Interlock 

R2 

lA 

2AorL. 

r 2A 

M2 

Coil of 24 1 I 
Contactori 

2A1 2A lUnloadr a 
II To 

0 
1Circuit 02_01 2 

31 -3 
_21 

If SP Master Switch 
is used instead of 
Push Button Station 
Connect as above 

Connec.t"R-Terminals 
on Ro.sistor to Cor-
responding -P.' 
Terminals on Panel 
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DRUM CONTROLLER, NON-REVERSING, SECONDARY CONTROL WESTINGHOUSE 

SCHEMATIC DIAGRAM OF TYPICAL WIRING CONNECTION  

L3 L2 LI 

CLASS 
H-200 
STARTER 

R5 

RESET 

OFF 123456789101112 
1 1 1 1 I 1 1 1 1 1 

3 1 1 I 1'1'1 

 cori 1 
 002 
ce3 

R25o 

RI50 

R5o 

R24 R24 

R23 

R22 

R2I 

R14 RI 

RI3 

RI2 

RII 

R4 
4o 

R4o 

R23o 

RI3o 

R3 R30 

R22o 

20 

RI 

1 

DRUM CONTROLLER, REVERSING, PRIMARY AND SECONDARY CONTROL WESTINGHOUSE 

SCHEMATIC WIRING DIAGRAM  

TO 
3 PHASE .< 
AC SUPPLY 

LI 

L3 

L2 

FWD 

REV 

FWile  

REV 

FWD& REV. 

T2 

R5 TO R6 } PERMANENT SLIP RESISTORS WHEN USED. 
RIS TO RI6 WHEN NOT USED CONNECT MI — M2—M3 
R25 TO R26 TO AS—RISa R25 RESPECTIVELY 

R26 R25 R24 R23 522 

R6 R5 R4 53 Re 

521 

All 

RI 



446 CONTROLS — A—C MOTOR — WOUND ROTOR 

MAGNETIC, NON REVERS ING AND REVERSING WESTINGHOUSE 

SCHEMATIC WIRING DIAGRAM 

TO A.C. 
SUPPLY 

L3 

L2 

0 L 
TI 

M2 
  SEC. SRES. R II 

l 
R24 Z3 R22  1 ;A 

R4 R3 
3A 2A „7:1A 

SEC. RES. -'RZI 

STAR TING AND SPEED REGULATING RHEOSTAT WESTINGHOUSE 

SCHEMATIC WIRING DIAGRAM  

SECONDARY CONNECTIONS 

TO 
2 PHASE 
OR 

3 PHASE 
SUPPLY 

A. C. MRRURL SPEED REGULATORS 

r _r , 
c2 

L 2 LI 3 

START 

SToP 

sTAIAT 

RUN 

1,1 

SLIP RING 

MOTOR 

Ol. 

RI EC. RES.  

RI3 RI 

CLASS 2310 

STOP 
•••4̀  C3 

P.4 

Lt 

4-3 

CLASS 2310 MANUAL SPEED 
REGULATOR INTERLOCKED WITH 
CLASS 8536 MAGNETIC STARTER 
FOR CONTROL OF SLIP RING MOTOR 



CONTROLS - A C MOTOR - WOUND ROTOR 447 

WIRIRG DIAGRAMS 
(LASS 8550, 8750 
  oL START 

STOP 
CI «.11.. C2 

63 

SE(OFIORRY RESISTOR TYPE REDUEED VOLTAGE STARTERS 

RCS. 

TYPICAL LINE DIAGRAM FOR 
CLASS 8550 NON-REVERSING 
WOUND ROTOR MOTOR STARTER 
WITH THREE POINTS OF 
ACCELE RATION. 

[LASS 8606 

R  

TR 

L2 

L3 

FoRwARJ 

CI cj 
STO.. 

TYPICAL LINE DIAGRAM FOR 
CLASS 8750 REVERSING 
WOUND ROTOR MOTOR STARTER 
WITH TWO POINTS OF 
ACCELERATION. 

1748-B8 

A. C. AUTOMATI[ UMPUISRTORS 

TYPICAL LINE DIAGRAM FOR 

CLASS 8606 AIR BREAK TYPE 

A.G. MAGNETIC COMPENSATOR 

174 8- 88 
No changes since previous issue. 

SQUARE D COMPANY 



448 CONTROLS - A-C MOTOR - SYNCHRONOUS 

44-

FULL-VOLTAGE STARTER FOR LOW-VOLTAGE SYNCHRONOUS MOTORS 

GENERAL ELECTRIC CR 7061 

c'a Í Unlcader coil or 

-k other circuits 
i--e if required 

0 

N, 

Ho-

a. 'a 
cr) c0 — 

0 -0 

N 5 

1 L_ 

° UuO I eJ 
cy) 
ThLo 

(.0 

_ _ 

c°0-1 1 0 

C) re) in 

 eNJ 2 

C, 
11_ 

cv 

LL 

C-. 

I/ 

Li= 

— 011 
G O 

— 

r-

4) L 
. Ctu 
o 3 01 

tr E L— ce .-12— 
C 

 . • C C° 
0 -CL 0 C c., j cc) .4.) C 

0 a) A 
0_143)0 0 00 G. 

- 1 :1 ' n4) 0 10t dc  i to 03 L -.5. 
_C Litz3 Ci 

-0 U 
_0 a f) tf) 

tO 4-1 
4) 
LO e) 

,$) 

OLR = Temperature stator overload relay (hard reset). TRI = Time-delay relay set for 

approximately 2 seconds. FR = Definite-time field-application relay adjustable for 

approx 2 to 40 seconds. FC = Field-applioation and discharge oontactor. PFR = Power-

factor field-removal relay. LE = Line contactor. REG = Copper-oxide rectifier for 

TRI. C.T. = Current transformers. 

N 
LL 



CONTROLS - A-C MOTOR - SYNCHRONOUS 449 

FULL VOLTAGE STARTER FOR HIGH VOLTAGE SYNCHRONOUS U)TORS 

GENERAL ELECTRIC CR 7061 

3 

r.-

00M 
UL te/. 

L 
3 

te 73,L- 
I 1 1."1,(1. 

1- I-

o I 

I 

1 0") 
tSJ 

er 

1N 

N— SO. 

e• 4-1-11  
- 

-.; 

 J. 

0 
1-0 

co 

JIM 

L 

-t-

Nø _ 
A., A 

2 

a 
o 

at _AY cc 
z 0 o 

L 
44- çs o 

I- J 

C 
03 

O. 

r04-

L E °  

• C ez -00 
Mu() 
— L 
cu 0 
U11 

LE = Lineocontactor. C.T. = Current transformers. OLR = Temperature stator overload 

relay (hand reset). TRI = Time-delay relay for approximately 2 seconds. FR = Definite 

time field application relay adjustable for approximately 2 to 40 seconds. FC = Field-

application and discharge contactor. PFR = Power-factor field-removal relay. LECC = 

Line contactor closing coil. LEUV = Line contactor undervoltage release coil. LETC = 
Line contactor tripping coil. REC = Copper-oxide rectifier for TRI. 



450 CONTROLS - A-C MOTOR - SYNCHRONOUS 

-ow 

4 
ri I 

.01 
0, 

-0 
-4 

cb- 4:0 
LIJI 

00 D 
.4.) 
0.0 4-

REDUCED-VOLTAGE STARTER FOR LOW-VOLTAGE SYNCHRONOUS TORS 

GENERAL ELECTRIC CR 7061 

o 

m 

L   

r 
,CW 

en cc N 

rIeb— L_  en 
 6 

c. 
• o 
ON 

CÉ 

N 

-0 

-- —1 

o 
-eV.> 

I. 

+iil  
Aiddns 
Ple!.3 D-C1 

o 
c0 

o 

o 
co 

(I) 

Crl ap 
0-0-0  

rzit " 

a, co to co 

co 

u. 

d!e 

— 
F-

-0 

_, olD [___-_-__º_;2; -11Viel' 
-o I j el il: i, 
8 L— 

L. (..- co le t in .3 4) 4.J Q. .C.4) ' k-
m 4) „ :/-1 C 0 L ' U 
— tieN-701.0±.- A 0  a 0 e >•.0 
.12 E‘ •-é-r: —  ,r, e 

..J 4.1 z 

4- E ' - ' LI, (d),4) LL 
0 1 C C 0 0 

CD 7) E 
e 0£ 

D 
0 
e 

OLR = Temperature stator overload relay (hand reset). TRI = Time delay relay set for 

approximately 2 seconds. ATR = Definite-time accelerating relay adjustable for approx. 

2 to 40 seconds. FR = Definite-time field application relay, adjustable for approx. 2 

to 40 seconds. FC = Field-application and discharge contactor. PFR = Power-factor 

field removal relay. R = Running contactor. S = Starting contactor. REC = Copper-

oxide reotifier. C.T. W Current transformers. Contaotors R and S are mechanically 

interlocked. 



motor field 
rheostat 
(if used) 

+LIA 

D-c Field {‘ 
supply -L2A 

To exciter field 

«; Field 

30 1" 31 
ammeter 

Source - Load 

Cor-'necton for 
3hunt (•f used) 32 _ 

34 33 

Unloader coil or other 
corcuits (if used) 

R3 

Fie Id Dosch. 
Purchaser mount mount 
and wire on rear 
of panel. 

Field — rht3stat Line 
.ammeter 31 g̀( if used) 

, 
3dt.- _   

1 

-r 

I94  ?.3 
Res-

22 21  20 

17" Rect. 
2JC J  19 32 

' - 
--i- TR-I 
'2 
i 20.r - 
I I 
4-633 

r--9  

23 

01 3 F2 
F 

_ _ I 

II -

Push button 
CR 7061- 37A Back View station CR 7051-HIA panel 

Exci pr ield Back View 
Start: '   

amm 2eter t,2 ,oi 
Stop 

31  
a l°.  : 

e 

FC 
a  

FR 

3 

4 

R 16 

)22 

R1 

1J• 1-13 0 C1 ch Fb P. NI fl) t%) P) I-43 •••••• 0 
>0 00 e r. 

pr ,i kJ. 0.000cl-eel e+04Cm 
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ci-  ei)-.11 ..? e a. 1-: p) Ico >re log) 0 
01 I 0 4tIH I000e4 
I 4 P. • >4 el-

F1 

8(1f1 

'3(0) Pre 

Ito 

16 1 <,9A: 

.9, 

Red 

II(A) 

Yellow 

Purchaser connect like 
circle3 (D to (D etc. 

Motor 
field 

Per cent 
Tap line volts 

Coi l No, obtained 

2 taps 3taps 

F N I 65 50 
2 80 65 

Tap5 Of auto 3 — 80 
transformer 

1 37 

137 

Ill ,  

IQ e 
18  

,10 

9_ 

. -Purchasers 
connections 

Fused 
cutouts 
(if used) 

3 
1-7 L3 

. . 
'Control circuit 
, transformer 

9A--

9 18 

 4-16 -13  

21°*   
14,8 14 
Lw 
-35 

  43 41 °  

8 TO 

40 
37  
-y,TC 

9A 
35 

2 

40 

43 

0712 

2 II  41 

40 
I. ------ - ---

L3L2L1 

See note"A'. 

0 synchronous 
motor 

T1 - 
T2 — 
T3-

13 

Start r 12:2_52 . _Tr ertrir.: 6  

 IF rw FA  

ZA 
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 I 
Fg 

11-7 jCi 
T3 L 3 Fc 
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Zc 
3cFc 

..l.,.- Polarity 
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'VVWFB 
 3B  

° \AAMFA 
IA .3A 

5t8rt I nq auto- tranaformer 
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452 CONTROLS - A-C MOTOR - SYNCHRONOUS 

SEMI-MAGNETIC REDUCED VOLTAGE STARTER FOR SYNCHRONOUS MOTORS 

AUTO-TRANSFORMER TYPE WESTINGHOUSE 

To Line 
113 - 112 Pr-1 -=3-P 

0.1. 
PFP 

01. 
Am. 

To Syn. Motor 
pIp 12 

PFP 

•SP 11.->DTP 

DTP 

Puni° 

FC 

wvvv 
__remAn  

Pectox 
SR-M FC 

 AWV`  

 1+ 0-C Supply   
Am. Motor Field  

FC FC FC 
Disc/i. Res. 

TYPICAL SCHEMATI(7 DIAGRAM SHOWING 
TuE W IRING OF A CLASS 14-040 STARTER 

SYMBOLS 
l'FR -Power Factor Relay 
LVR -Low Voltage Relay 
OLR -Overload Relay 
DTR--llefinite Time Re'ay 
FC—Field Contactor 
SR—Sequence Relay 
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STARTING AND CONTROLLING THE SPEED OF D. C. MOTORS 

Small D.C. motors (fractional H.P.) may be started across the line. The resist-
ance of the armature winding is high in comparison to the resistance of larger 
armatures. Large armatures have low resistance because heavy wire is used to 
wind them. 

Shunt <D, 
field g 

Armature 

LINE 

When starting a D.C. motor larger than fractional H.P. in size full line voltage 
should not be applied to the armature. A resistor should be connected in series 
with the armature to produce a voltage drop and apply a low voltage to the arma-
ture during the starting period. The starting period is from 10 to 45 seconds. 

The starting current should be limited to or 2 times full load current except 
when starting heavy torque loads which will require as much as 3 times full load 
current. After the motor attains normal speed the current through the armature 
can be determined by the formula; effective voltage divided by armature resist-
ance. This value will be proportional to the mechanical load on the motor. 

The shunt field must be connected so it will receive full line voltage when 
starting. The field must be maximum strength to produce good starting torque 
and for the armature to quickly generate CEMF. 

FOUR POINT CONTROLLER 

Overload 
release coil 

Overload 
release sw. 

L1 

Line switch 

Spring 

A 

id, Shunt 
I field 

Armature starting resistor 

• 
Armature 

The NO VOLTAGE RELEASE COIL allows the spring on the power arm to return the 
power arm to the "off" position if the voltage on the line drops to a low or 
zero value. 

OVERLOAD PROTECTION is provided by connecting an overload release coil in series 
with the load circuit. When the current reaches overload value the plunger will 
be drawn up and break the holding coil circuit. The spring on the power arm 
will return it to the off position. COYNE 
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STARTING AND CONTROLLING THE SPEED OF D.C. MOTORS (continued) 

The speed of a D.C. motor varies in direct proportion to the voltage applied to 
the armature and in inverse proportion to the strength of the field flux. 

When a motor is operating with the rated voltage applied to the armature and 
field (with or without load) it is operating normally and the speed obtained is 
called NORMAL SPEED. 

SPEED CONTROL BELOW NORMAL SPEED (armature control) 

The speed can be controlled below normal by connecting a regulating resistor in 
series with the armature. The speed will vary with the voltage applied to the 
armature. The torque will not be affected because connecting a resistor in 
series with the armature does not change the amount of current through the arma-
ture. This value will be constant if the mechanical load is constant. The H.P. 
output will vary with the speed because the H.P. output is proportional to the 
speed and torque 

L11' L2 

FOUR POINT CONTROLLER 

Overload release switch 

Overload 
release coil 

L2 
• • 

Power 
arm 

Armature resistor 

Spring 

F1 

No E release 
coil 

 VNINAl\e‘  
Resistor 

Field 
res. 

• 
A1 

SPEED CONTROL ABOVE NORMAL SPEED (field control) 

The speed can be controlled above normal on shunt and compound motors by con-
necting a shunt field rheostat in series with the shunt field. The speed will 
vary inversely with the field strength. Weakening the field will increase the 
speed because the armature must rotate faster to generate a sufficient amount 
of CEMF to limit the current through the armature in proportion to the mechan-
ical load on the motor. Decreasing the field strength will decrease the torque. 
The H.P. output will not be affected because the H.P. output is always propor-
tional to the speed and torque. When the speed increases and the torque de-
creases the product of the two will not change. COYNE 
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FAIRBANKS -MORSE ELECTRIC MACHINERY CATECHISM 

FIELD 

WNWeiN  

ARMATURE 

SERIES RESISTANCE 

DIRECT CURRENT 
POWER SUPPLY 

Diagram showing speed Control of a direct-current 

motor by means of a resistance in sr. ries with the armature. 

More resistance gires lower spetd. 

DIRECT • CURRENT 
POWER SUPPLY 

L2 LI 

KNIFE 
SWITCH 

FIELD RESISTOR UNITS 

MAGNET WHICH 
HOLDSARMATURE 
CONTACT ARM IN 
RUNNING POS• 
ITION 

PROTECTING 
RESISTOR 

WHEN COMPOUND MOTOR 
S USED CONNECT THE 
SERIES FIELD INTO CIR-
CUIT PER DOTTEPLINE 

Schematic diagram of the starter and speed regulator 

FIELD FIELD RESISTANCE 

\ MAAAW \i‘ DIRECT CURRENT 
POWER SUPPLY 

1 1  

ARMATURE 

Diagram showing speed control of a direct-current 

motor by means of a resistance in series with the field. More 

resistances gives higher speed 

RESISTANCE 
UNITS 

CONTACTS  

MOTOR 
ARMATURE 

1MAGNET WHICH HOLDS CONTACT ARM IN 
RUNNING POSITION 

MOTOR 
FIELD 

SPRING WHICH RETURNS 
ARM TO OFF POSITION 
WHEN FIELD WEAKENS 

DIRECT CURRENT 
POWER SUPPLY 

Schematic diagram of a direct-current motor starter 

showing how the resistance units in series with the armature 

are cut out in starting and how the low-voltage magnet is 
connected to the field circuit of the machine 
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FIG. 3 

Switch 

Lihe 
r.o 

Switch 

Line 

FIG. 4 

Starter 

FIG.6 

Fuses 

FIG. 7 

FIG. 8 

Star _ter 

FIG. 5 

Commutating field 

Commutating 
field ------

A 
e 

Commutating poles 

Shunt winding ----
Starter 

Ser es winding__ 

FIG. 10 

Armature 

÷ Switch 
0{1 -

Line Fuses 
<::•1=1 

Reversing switch--

F1G. 13 'Commutating fied-' 

Armo/ore 
A 

F 

Fuses 

A 

Commutating poles____ 

Shirt winding_ ___ 
Starter 

Series 

FIG. 14 

Starter 

 r-
Armáture 

Commutating poles_ 

Shunt winding -----

Series winding 

FIG. 15 

Armature ----

Fig. 1—Diagram of shunt motor and starter, Fig. 2. Figs. 3 and 4—Symbols for coils. Figs. 4 and 5—Symbols for resistance. Fig. 6—Same 
as Fig. I. but current reversed in armature circuits. Fig. 7—Wrong connection for reversing shunt motor. Fig. 8—Same as Fig. 1, except 
current is ----- sod in shunt field coils. Fig. 9—Diagram of compound motor and starter. Fig. 10. Fig. 12—Reversing switch connected 
in armature circuit of compound motor. Fig. 13—Reversing switch connected in armature circuit of shunt motor. Fig. 14—Series winding cut out 
of compound motor to test polarity of shunt-field coils. Fig. 15—Shunt winding cut out of compound motor to test polarity of series coils. 
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INDUSTRIAL CONTROLLER 
Starting duty only 

fINf 

Fuses 

Magnetic blowout coil 

Starting relay 

e L2 

Armature starting resistors 

Power 
arm 

No E release 
coil 

F1 • Al 

Draw a detailed dia-
gram of the motor. 
Show all parts such as 
field poles, brushes, 
armature, terminals 
and the position of 
the terminal board. 
Test the motor term-
inals with test lamp 
to identify them. 

Connect the motor to 
the controller as 
shown by the connect-
ion diagram. Trace the 
starting relay, field, 
armature and no E 
release coil circuits 
and have the eiagram 
0Yed by the instructor 
before wiring the job. 

Connection Diagram 

L2 F1 A1 

F2 Fl 

Al 

Connect as shown for 
compound motor. 
For shunt motor connect 
A2 to L2 

COYNE 
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3 POINT STARTER DIAGRAMS 

LINE 

3 point starter for starting .  I 3 point starter for starting 
duty only. duty only. The overload re-

L1 1 L2 lease coil protects the 
mocor against overloads. 

A 1 
ARMATuRE 
RE5L5ToR5 Ps 

Power arm 
spring 

No E or no 
field release 

coil 
Overload 
elease 

coil 

LINE 
I I 

F2 rl 

Connection diagram 

Starte terminals 

Connect as shown for 
compound motor. 
For shunt motor connect 
A2 to L2. 

Draw a detailed diagram of the motor. Show all parts such as 
field poles, brushes, armature, terminals and the position of 
the terminal board. Test the motor terminals with test lamp 
to identify them. Connect the motor tc the starter as shown by 
the connection diagram. 
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4 POINT CONTROLLERS 

4 Point controller for 
starting & regulating duties. 

Speed control above normal. 

Armature resistors 

4 Point controller for 
starting & regulating duties. 

Speed control below normal. 

Arm. 
res. 

LINE 
1 

Connection diagram 

4 
L1 ie • L1 1 L2 

A Awl 

Connect as shown for compound 
motor. For shunt motor connect 
A2 to L2. 

Draw diagram of motor in detail. Show all parts, such as, field poles, 
armature, brushes, terminal board and terminals. Test motor terminals 
to identify them. Trace armature, field and holding, coil circuits. 
Have the diagram checked and OKed before wiring the job. 

Coyne 
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WHEN RESISTOR IS NOT 
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r-

SPEED REGULATING RHEOSTATS 

Lines 
Li 

Front View _ _ 

(‘-•• Cordac• 
tor 2, 4 

run 

Shunt rield n 
 dAMAN 

AZ A AI 

Sc r es A..... 
Field Field '-

Motor 

Armature 
Resistor 

GENERAL ELECTRIC 

Front View 
"5-4Fr ie-s lirisTTC7- CrticTerr) 

Series Comm. 
Field Field Arm 

(if used) (if used) 

Motor 

CR1220-B1 for shunt- or compound- CR1224-B1 for shunt- or compound-
wound motors (with contactor) wound motors (without contactor) 

STARTING RHEOSTAT GENERAL ELECTRIC CR 1003 

Series Field Comm. 
if used Field 

S2 S1 A2 

F2 

Arm. 
Ai 

Shunt Field 
if used F1 

lf Series Field is not usad 
Connect A2 to A2 
lf Series Motor is used maka 
no connection to Field Terminal 

Motor connections 

To A2 

ToAl 

To 
Field 

r — 

1 

4 

L 
Lines 
L2 

Li 

LI 

2 4 
2 Field 

to AZ 
toFI to Al 

For small d-c motors 

115 and 230 volts 

2. 

_J 
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RHEOSTAT CONTROLS FOR D-C MOTORS WESTINGHOUSE 

7010 Starting only. For series, shunt, or compound wound motors. 
7210 Starting and regulating. Increase only. Shunt wound motors only. 
7310 Starting and regulating. Reduction only. Series, shunt, or compound. 
7350 Starting and regulating. Increase or reduction. Shunt wound only. 

WIRING DIAGRAMS 

LI 

Blowout Coil 

Shunt Field 

Class 7210 Rheostat 

Line Contact Arm Reg. Arm 

LI  yly •  •  
•  Stg.Resistar 

Blowout 
Coil 

LI 

Class 7010 Rheostat 

, Starting Arm 

#7  

1 6,--L  Stg  Resistcr •  

L-- Blowout coil 

Reg. f 
Arm. 

Motor 

AI 

Shun Field 

FI VVV F2 
Release Switch 

Line Contact Arm 

o 
Blowout Coil 

Class 7350 Rheostat 

L2 
Series Fie d 

SI S2 

Stg. e, reg. arm 

S t-g 

Contact Bars 

AI A2 SI S2 

Shunt Field 

VI 

Class 7310 Rheostat 

Motor 

eeee Shunt Field 

Series Field 

MOTOR CONNECTIONS 
(Counter-Clockwise) 

AI 
Sec field 

A2 

D-C FIELD RHEOSTAT CONNECTIONS 

GENERATOR CONNECTIONS 
(Clockwise Rotation) 

Serfield 
AI Se2_2 iz  A2  
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CLASS 7010 RHEOSTATS—Starting Duty Only 

Starting 

:Resistors 
; Low Voltoge 

Release Coil 

OPERATION 

Start by slowly mov-
ing handle to right 
to run position— 
resistors progres-
sively cut-out until 
motor is at full 
speed. Arm is held 
by magnet. To stop 
—return handle to 
"off". 

RATINGS AND DIMENSIONS—CLASS 7010 

MAXIMUM HORSEPOWER 

I 115 
1 VOLTS 

FRAME 
SIZE 

OVERALL DIMENSIONS, INCHESt 

32 
VOLTS 

230 
VOLTS 

444550 
VOLTS 

WIDTH HEIGHT DEPTH 

.. 1ti 0 4% 4% 3% 

.. 2 3 ... 1 Wu 8% 8 

1 3 7y¡ 7% 2 12 14% 11% 

2 10 25 20 3A 16% 19% 14% 

5 25 50 ... 4A 20% 23% 14 1A, 

.. 50 4B 20% 23% I 11% 

75 150 150 5 27 1/2 34% 21% 

tlf Heavy Duty NEMA Class 135 Resistors are suppled for Ratings 1-50 

Hp., 230 Volts these dimensions may be exceeded. 

CLASS 7210 RHEOSTATS—Starting and Regulating Duty•Field Control 

OPERATION 

Started and brought 
to base speed same 
as 7010. To in-
crease speed, move 
handle to left which 
moves arm A and 
cuts in field resis-
tors—connected to 
round buttons. 
Maximum speed. 
controlled by ad-
justment C. To 
stop return handle 
to "off". 

RATINGS AND DIMENSIONS—CLASS 7210 

MAXIMUM HORSEPOWER 
FRAME 
SIZE 

OVERALL DIMENSIONS, INCHES 

115 VOLTS 230 VOLTS WIDTH HEIGHT 1 DEPTH 

10 
25 
75 

25 
50 
150 

3B 
413 
5A 

161% 
20% 
27 1/2 

19% 
23% 
42%* 

16% 
17% 

21% 

*Includes externally mounted Type WI, Rheostat. 

CLASS 7310 RHEOSTATS—Regula ting 

o 

Blowout 

LowVoltoge 
Release Coil 

—L1 

Armature Regulating Resistors ° 

fr 

Release 
Switch 

'Full Speed 
Position 
Stop 

L2 _Al 0 

OPERATION 

Start by moving 
handle to left, 
which pushes arm 
A to left-hand con-
tact where it is 
held by magnet. To 
increase speed— 
move handle to 
right to cut out 
armature resistors. 
Arm held by pawl 
and rachet C. To 
stop—return handle 
to "off". 

Duty • Armature Control 

RATINGS AND DIMENSIONS—CLASS 7310 

MAXIMUM HORSEPOWER 

440-
115 VOLT 230 VOLT 550 VOLT 

2 2 
10 10 

20 
25 40 
40 75 

2 
5 

FRAME 
SIZE 

OVERALL DIMENSIONS, INCHES 

WIDTH HEIGHT DEPTH 

3A 
3C ? 
3E 
4D 
5 

16% 
16% 
18% 
18% 
27'/ 

19% 
17% 
23% 
2314 
34% 

145/14 
17% 
20% 
28% 
21% 

* Slightly larger for constant torque. 

CLASS 7350 RHEOSTATS—Regulating Duty • Armature and Field Control 

OPERATION 

Same as above, ex-
cept after maximum 
base speed is reach-
ed, further move-
ment of handle to 
right will move arm 
B to cut in field 
resistors for greater 
speed increase. 
Arm held by pawl 
and rachet C. To 
stop, return handle 
to "off". 

RATINGS AND DIMENSIONS—CLASS 7350 

MAXIMUM HORSEPOWER 

440-
1I5VOLTS 230VOLTS 550VOLTS 

2 
10 

2 
10 
20 

2 
5 

FRAME 
SIZE 

OVERALL DIMENSIONS, INCHES 

WIDTH HEIGHT DEPTH 

3B 
3D* 
3E 

16% 
16% 
18% 

19% 
17% 
23% 

Slightly larger for Constant torque. 

WESTINGHOUSE ELECTRIC 
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Direct-Current Control Circuits 

EASE IN SHOOTING TROUBLE 011 d.c. controls depends 

largely on a clear understanding of the basic principles 
and circuits used. It is the purpose of these data sheets 
to give that information. 

In general, d.c. motors of less than 2-hp. rating can be 
started across the line, but with larger motors it is usu-
ally necessary to put resistance in series with the arma-
ture when it is connected to the line. This resistance, 
which reduces the initial starting current to a point 
where the motor can commutate successfully, is shorted 
out in steps as the motor comes up to speed and the 

countervoltage generated is sufficient to limit the cur-
rent peaks to a suitable value. Accelerating contactors 
that short out successive steps of starting resistance may 
be controlled by countervoltage or by definite-time 
relays. 

For small motors used on auxiliary devices the coun-
ter-e.m.f. starter is satisfactory. The definite time starter 

is more widely used, however, and has the advantage of 
being independent of load conditions. 

The following diagrams illustrate sonie of the circuits 
conmionlv used for d.c. motor control. 

Figure 1. Basic requirements of a non-reversing d.c. starter 
in its simplest form. 
When the start pushbutton is depressed line contactor M 

closes, energizing the motor armature through the starting 
resistance. As the motor comes up to speed the countervolt-
age, and the voltage across motor armature and series field, 
increases. At a predetermined value the accelerating con-
tactor A closes, shorting out the starting resistance. 

Disch. Res. H 

0 L M 
1 Start. Res. 

Stop Start 4)/`  

Ma 
F-•  

Aa 

Sh.F1d. 

Figure 2. 2. Typical, non-reversing constant-speed, definite-
time starter. The accelerating contactor is equipped with 
a time-delay mechanism. This contactor, A, is of the mag-
netic-flux-decay type. It is spring-closed, equipped with two 
coils, and has a magnetic circuit that retains enough magne-
tism to hold the contactor armature closed and the contact 
open indefinitely. Main coil Am has sufficient pull to pick 

up the amiature and produce permanent magnetization. 
Neutralizing coil An is connected for polarity opposite to 
the main coil. It is not strong enough to affect the pick-up 
or holding ability of the main coil but, when the latter is 
&energized, the neutralizing coil will buck the residual 
magnetism so that the contactor armature is released by 
the spring and the contacts close. By adjusting the poten-
tiometer the voltage impressed on this coil and hence the 
time required for the contactor to drop out can be varied. 
When the start button is depressed accelerating contactor 
coil Am is energized, causing contact A to open and auxili-
ary contact Aa to close. Contact Aa energizes line con-
tactor M, and normally open auxiliary contacts Ma establish 
a holding circuit. Neutralizing Coil An is also energized. 
Opening cf contact Ma deenergizes coil Am and contactor 
A starts timing. At the set time the main normally closed 
contacts on A close, shorting out the starting resistance and 
putting the motor across the line. 

Start. 

11.  
Stop Start 

1 Ao 

f
—I Disch.Res.  

Sh. F Id. 
W\AA/  

OL 

Figure 3. 3. The sanie kind of a starter as in Figure 2 but (le-
signed for use with a motor of larger horsepower. 

This starter provides two steps of definite-time starting. 
The operation is essentially the same as in Figure 2 but the 
first accelerating contactor, IA, does not short out all the 
starting resistance. It also .starts 2A timing, which finally 
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shorts out the remaining resistance. The normally open 
auxiliary contacts on the accelerating contactors in Figures 
2 and 3 arc arranged so that it is necessary for the accele-
rators to pick up before the line contactor can be energized. 
This is a safety interlocking scheme that prevents starting 
the motor across the line, if the accelerating contactors are 
not functioning properly. 

Figure 4. One way of producing dynamic braking. 
Control circuits have been omitted, since they arc a 

duplicate of those shown in Figures 2 and 3. Line con-
tactor M has two poles, one normally open and the other 
normally closed. Both poles arc equipped with an operat-
ing coil and arc on the saine armature, which is hinged 
between the contacts. In starting, when line contactor M 
closes normally closed contact MA opens. When the stop 
button is depressed the line contactor drops out and con-
tact MA closes. The motor, now acting as a generator, is 
connected to the braking resistor and coil MA is energized 
by the resultant voltage. It causes M to seal in tightly, es-
tablishing good contact pressure and preventing this con-
tact from bouncing open. 

Figure 5. In the more modern types of controllers a sep-
arate spring-closed contactor is used for dynamic braking. 

Operation is similar to that described for Figure 2, except 
that the energizing of coil Am and the picking up of accel-
erating contactor A, closing contact Aa, energizes dynamic 
braking contactor DB, which in turn energizes hie con-
tactor M through its auxiliary contact, DBa. This arrange-
ment not only insures that the dynamic braking contactor is 
open, but also that it is open before the line contactor can 

close. In order to obtain accurate inching, such as is re-
quired for most machine tool drives, the motor must 
respond instantly to the operation of the pushbutton. In 
the scheme shown in Figure 5 the closing of the line con-
tactor is delayed until thG accelerating contactor and the 
dynamic braking contactor pick up. 
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Figure 6. Arrangement to secure quicker response of motor, 
for more accurate inching. 

Accelerating contactors IA and 2A are energized in the 
off position. Hence, when the start button is depressed. the 
dynamic braking contactor picks up immediately and its 
auxiliary contact DBa picks up M line contactor. 
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Direct-Current Control Circuits 
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Figure 8. Another method of applying the full-field relay. 
This arrangement insures full held on starting, and pro-

vides for limiting the armature current when the motor is 
accelerating from the full-field speed to the speed set by the 
rheostat. Field accelerating relay FA is equipped with two 
coils, one a voltage coil connected across the starting resist-
ance, the other a current coil connected in series with the 
motor armature. See Figure 2 for the remainder of the 
circuit. When line contactor M closes the voltage drop 
across the starting resistor is practically line voltage, and 
relay FA is picked up quickly. When accelerating contactor 
A closes, voltage coil FAv is shorted, but closing of A pro-
duces a second current peak, and current coil FAc holds 
relay FA closed. As motor approaches full-field speed this 
current decays and allows the FA contacts to open, weak-
ening the motor field. When the motor attempts to ac-
celerate the line current again increases. If it exceeds the 
pick-up value of coil FAc the relay will close its contacts, 
arresting acceleration and causing a decay of line current, 
which again causes FA to drop out. High inductance of the 
motor field, plus inertia of the motor and drive prevent 
rapid changes in speed. Hence the motor will not reduce its 
speed, but the increased field current will reduce the arma-
ture current and cause FA to drop out. The fluttering 
action will continue until the pintor reaches the speed set 
by the rheostat. Setting of the FA relay current coil deter-
mines the maximum current draw during this part of the 
acceleration period. Since relay FA must handle the highly 
inductive field circuit, a good blowout arrangement is neces-
sary. Hence the relay is usually equipped with a shunt 
blowout coil, FAbo. 

Figure 9. Connections of field loss relay, to prevent exces-
sive speed if the shunt field is deenergized while voltage 
remains on the armature. 

It usually consists of a current relay in series with the 
motor shunt field and is adjusted to pick up on full-field 
current and remain closed at any current within the oper-
ating range of the motor field current. Contacts of relay FL 

are connected in series with the overload relay contacts so 
that the opening of its contacts will deenergize the control 
by opening the line contactor. This type of field loss pro-
tection does not protect against the possibility of a short 

circuit across a part of the field, say across the one field coil. 
This would cause the motor speed to rise considerably but 
the current in the field circuit would also rise. Conse-
quently, the series current relay would not respond. 

Figure 10. Application of differential field loss protection. 
The differential field loss relay DFL is equipped with two 

voltage coils connected to buck each other. Each is con-
nected across one-half of the field winding. Normally the 
voltage across each coil is the same, hence the relay stays 
in the out position with its normally closed contacts closed. 
Shorting out of one field coil or other failure causing an un-
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Direct-Current Control Circuits 

balance of these voltages causes the relay to 
pick up, opening its contacts and dropping 
out the line contactor, deenergizing the motor. 

[> 
Figure 11. One form of reversing dynamic 
braking control, consisting of multi-pole con-
tactors having two poles normally open and one 
pole normally closed. Accelerating contactors 
IA and 2A are energized in the off position, as 
in Figure 6. Depressing the forward button en-
ergizes forward contactor F, closing the two 
normally open contacts F and opening the 
normally closed contact FA. Opening of nor-
mally dosed auxiliary contact Fa starts the tim-
ing cycle of the accelerating contactors. Closing 
of the normally open auxiliary contact Fa estab-
lishes a holding circuit. When the stop or re-
verse button is depressed contactor F drops out, 
closing normally closed contact FA and setting 
up a dynamic braking circuit through the brak-
ing resistors, which energizes coils FA and RA. 
These coils hold the normally closed contact 
closed, and the normally open contacts open 
until the braking current drops to a low value. 
This action prevents bouncing of the back con-
tacts and plugging the motor, because if the 
reverse button were depressed during the brak-
ing period contactor coil R would not have suf-
ficient strength to overcome the pull of the RA 
coil until the motor had almost stopped. 

Figure 12. Another form of reversing dynamic 
braking starter using a spring-closed dynamic 
braking contactor and single-pole normally open 
directional contactors. When start button is de-
pressed contactor IF is energized. Closing the 
normally open auxiliary contact IFa energizes 
relay LV to establish a holding circuit and also 
energizes accelerating contact IA; IA contactor 
energizes 2A, and 2A energizes DB. In turn, 
DBa energizes 2F and normally closed contact 
2Fa starts the accelerating timing. 

Depressing the stop button drops out LV, 
closing DB immediately. Plugging is prevented 
by relay PR, a voltage' relay connected across 
the motor armature. Its normally closed con-
tacts remain open, preventing the pick up of the 
reverse directional contacts until the armature 
speed drops down to a safe value for plugging. 
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D. C. MAGRETK RELAYS ADD LIRE VOLTAGE STARTERS 
Class 7001 

LINE 

SEP. CONTROL 

CI RCUIT 

2-WI RE 

CONTROL 
DEVICE 
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TYPE J-30 

LI NE 

LOAD 

2 -WIRE 
CONTROL 

DEVICE 

TYPE J-31 

NOTE: CLASS 7001- TYPE 
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TYPE K. SEE CLASS 8501 
WIRING DIAGRAMS. 
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110E MAGNETIC CONTROLLER 
LINE 

FIELD RHEOSTAT 
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FIELD RELAY 
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The term "magnetic controller" is 
lers on which the operation depends 
trollers of this type have a number 
by a relay switch. 

These controllers are used extensively on large industrial motors, 
steel mill motors, and elevator motors. They can be designed to give 
any desired operation. 

Example: Let us assume we start a 110E, 401, 5 h.p. motor without a 
load. 
Starting current equals lf x 401 or 601. 
Armature starting resistance equals 1 ohm. 
Voltage drop across arm. starting res. equals 601 x 1RZ60Ed. 
Voltage drop across section of res. marked "X" equals 1/5 of Ed 
across entire res. or 20Ed. 

Therefore, the voltage applied to the armature resistance cut-out re-
lay when starting, equals 110E --20Ed or 90 volts. This relay is ad-
justed so that it will not close its switch until it receives approxi-
mately full line voltage. The voltage across the relay increases as 
the current through "Y"+"X" decreases. Current flow will decrease to 
approximately 61, because of C.E.M.F. built up in the motor as it in,-
creases in speed. This may be proven by the following figures: 
Total voltage drop across "Y"+ "X" after motor attains normal speed 
equals 61 x 1R=6Ed. 

Now the voltage drop across "X" will be 1/3 of 6 or 2Ed, leaving 110 
minus 2 or 108E to operate the armature res. cut-out relay. This volt-
age is high enough to operate the relay and close its switch, which 
cuts out ..)r shunts the armature starting resistance. 

The field relay closes when starting to give full strength field. 
When the armature res. cut-out relay closes, the field relay is shorted 
out of the circuit. This allows the speed to be controlled above nor-
mal by adjusting the shunt field rheostat.  
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commonly used to apply to control-
almost entirely on relays. Con-
of separate circuits, each operated 
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2 WIRE REMOTE CONTROL 9.v. 

ADVANTAGES OF "b WIRE 

REMOTE CONTROL OVER 2 WIRE. 
1- NO VOLTAGE PROTEcTiON. 
2 - MULTI PLACE CONTROL. 

COYNE 
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MAGNETIC REDUCED VOLTAGE 

Application 
The type 5926 starters are used for starting con-

stant or adjustable speed d-c motors in machine tool 
or general purpose applications where occasional inch-
ing or jogging may be required. They are also applic-
able to other heavy duty and special service drives 
such as fans, blowers, pumps, compressors, etc. They 
are of the magnetic reduced voltage type—the motor 
is accelerated up to normal speed by cutting succes-
sive steps of resistor out of the armature circuit by 
magnetic contactors. 

STARTER ALLIS CHALMERS TYPE 5926 

Jogging is accomplished in the standard starter by 
the use of a push button station with pigtail and jog-
ging attachment. The NEMA definition of jogging is: 
"Jogging or inching is the quickly repeated closure of 
the circuit to start a motor from rest for the purpose of 
accomplishing small movements of the driven ma-
chine." 

Class 135 resistors are used and the operator may 
jog the equipment for a total of ten seconds out of 
each 80 seconds. This may consist of a number of 
short jogging periods or a smaller number of longer 
jogging periods, providing the total does not exceed 
10 seconds out of each 80 seconds. 

These starters cannot be held closed against an over-
load since the reset mechanism opens the main con-
tactor coil circuit and protects the motor from injury. 

MAGNETIC CONTROLLER 

Reduced voltage 
starting . 

GENERAL ELECTRIC 

CR 4061 

CR 4061-Al A 

LE 

Resistor 

Construction 
The type 5926 starters are furnished for either 115, 

230 or 550 volts d-c operation and consist of standard 
contactors and relays mounted on compound bases, 
all enclosed in NEMA Type I general purpose cases. 
Heavy duty Allis-Chalmers type D and E magnetic 
contactors are used. 

Each starter contains a line contactor, magnetic 
time delay accelerating contactors, a thermal over-
load relay, and a set of class 135 resistors in an en-
closure. 

SCHEMATIC PAGRAM 

Schematic diagram of 
typical Type 5926 starter 
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SOLENOID STARTER 
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MAGNET/C BLOWOUT CO/L 
A magnetic blowout coil is for the purpose of providing a 

strong magnetic field to extinguish the arc drawn when the circuit 
is broken. It consists of a few turne of heavy wire wound on an iron 
core which has its poles placed on either side of the contacts where 
the circuit is broken. This arrangement provides a powerful magnetic 
field where the circuit is broken. 

The arc is a conductor and has a magnetic field set up around 
it. This field will be reacted upon by the flux of the blowout coil 
distorting the arc so that it is quickly broken or extinguished. 
This prevents the arc from burning the contacts. 

Magnetic blowout coils are connected in series with the line 
or in series with the contacts being protected. 
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CARBON PILE STARTER 
(ALLEN — BRADLEY) 

CARBON 
CONTACTS 
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In certain classes of work it is desirable to have very gradual apnli-
cation of the starting torque of the motor when the machine is first 
put in operation. To accomplish this, it is necessary to start the 
motor with extremely high resistance in the armature circuit, and 
limit the starting current to a very low value. 

For this puruose, carbon pile starters are made with resistance 
elements consisting of small carbon disks stacked in tubes of non-
combustible material with an insulating lining. 

As long as these disks are left loose in the tube, the resistance 
through them is very high. If pressure is applied to these carbon 
disks, their combined resistance will be lowered because the greatest 
resistance is at the contacts between disks. As pressure increases, 
resistance decreases allowing more current to flow. 

This allows the motor to start very slowly, and its speed will gradual-
ly increase until normal speed is attained. 

COYNE 
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MAGNET IC ACCELERATING CONTROLLER 
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MAGNETIC NON—REVERSING TIMESTARTER FOR CONSTANT SPEED D—C MOTORS 

WESTINGHOUSE 8512 

TYPICAL SCHEMATIC DIAGRAM 
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PILOT CONTROL DEVICES FOR USE WITH 

CLASS 8512 TIMESTARTERS 

STANDARD DUTY PUSHBUTTONS—Surface, Flush-Mounted, 

Dust and Water-tight, are compact, safe and easy to install. 

Type SD-2. See P.L. 15-020. 

HEAVY DUTY PUSHBUTTONS—Standard steel surface mounted, 

flush plate mounted pushbuttons, Dust and Water-tight, or 

for Hazardous Locations are available. Oil immersed or 

air break Pushbuttons can also be supplied. See P.L. 15-010. 

FLOAT SWITCHES—For controlling motor-driven pumps. 

May be supplied for chain or rod operation. Weather-proof 

—all parts treated to resist corrosion. See P.L. 15-040. 

PRESSURE AND VACUUM SWITCHES—For automatic control of 

motor-driven pumps, air compressors, etc. See P.L. 15-061. 

PRESSURE REGULATORS (GAUGE TYPE)—For automatic con-

trol of motor-driven pumps, air compressors, etc. Provides 

high degree of accuracy with visible, built-in gauge. See 

P.L. 15-066. 

FIELD RHEOSTATS—May be used with these starters to obtain 

the permissible speed variation of standard constant speed 

motora. See P.L. 14-515. 

MASTER SWITCHES—Type N-106, shipper rod operated, may 

be used instead of Pushbuttons. They will provide low volt-

age protection. See P.L. 15-100. 

MAGNETIC NON—REVERSING TIMESTARTER 

FOR CONSTANT AND ADJUSTABLE SPEED MOTORS 

WESTINGHOUSE CLASS 8522—F 

SCHEMATIC WIRING DIAGRAM  
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MAGNETIC ACCELERATING TIIYIESTARTER WITH THREE-POINT ACCELERATION 

WESTINGHOUSE CLASS 8522-F 
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DYNAMIC BRAKING 
RUNNING 

( 
0 \O 

BRAKING 
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IN FIGURES 1, 2_ 13.- 3 SWITCHES A 8, D ARE CLOSED AND B EkC ARE OPEN 
WHEN RUNNING. SWITCHES B 8.0 ARE CLOSED AND A 8r D OPEN WHEN BRIMING 
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SCHEMATIC DRAWINGS SHOWING CoWAMIo BRAKE CONNECTIONS FOR SERIES MOTORS 

e 
DYNAMIC !MAHE 
RESISTANCE-9 

FIG. 3 e• 

FIELD BRAKING 
RESISTANCE 

The above diagram in Fig. 1 shows the connection used in dynamic 
braking, using a compound motor. Fig. 2 shows similar connections 
for a series motor. 

,Vhen the source of supply is shut off from a motor, the armature 
will continue to turn or coast because of its momentum. Any load 
connected to the motor will also continue to operate. In caFes 
where motors must be stopped quickly, this momentum may be used to 
generate energy for dynamic braking. 

If the shunt field of the motor is excited during the coasting 
period, the motor will act as a generator and the armature will 
generate EliF until it stops. By connecting a suitable resistance 
in the armature circuit, as shown above, the generated armature Eldir 
will cause the armature current and the armature poles to reverse. 
The reversed armature poles, reacting with the field poles, will 
now tend to reverse the armature rotation and this action will 
result in stopping the motor and load. 

This form of braking provides a quick, smooth, magnetic form of 
braking that has many advantages over mechanical methods. 
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Front view 
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DIRECT-CURRENT MAGNETIC BRAKE 

When magnet is energized the brake 
shoes clear the wheel carried on 
the shaft, and when de-energized 
the shoes are applied against the 
brake wheel by compression spring. 
Brake wheel usually is mounted on 
the extended motor shaft. 
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Front View 

AI 

REVERSING MAGNETIC STARTER 

For shunt wound or compound 

wound adjustable speed 

motors. 

GENERAL ELECTRIC CR 4168 

REVERSING MAGNETIC 

CONTROLLER 

For shunt wound or compound 

wound constant speed motors. 
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D. C. REVERSIRG LIRE VOLTAGE STARTERS 
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SCHEMATIC WIRING DIAGRAM 
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DRUM CONTROLLERS 
1 4  

Fi I L% 
 0 

FORWARD 
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-0  1 CYi  
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SHUNT FIELD 

QQQC 
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SHUNT FIELD 

dlIMUSly 

DRom 
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CONSTRUCTION 

UMMIL 
CI CULAR CONTACTING SHOES 

4 

STATIONARY COPPER 

INSULATION 

r-i Az 

1 
CONTACTS 

Drum controllers are used extensively in the operation of D.C. motors where they 
must be started, stopped, reversed, and have their speed varied, as on street cars, 
electric trains, hoists, cranes, etc. 

The name is derived from their shape and the manner of mounting contacts on a 
round iron drum. The cylindrical arrangement of the contacts allows the drum to be 
rotated part of a revolution in either direction, and brings into connection one or 
more stationary contacts with the iron drum. The iron drum serves as a mechanical 
support for the shoes and forms a part of the conducting path. 

A drum controller, designed for reversing duty, is divided into two parts, com-
pletely insulated from each other and from the shaft by fibre insulation. 

When the controller in Fig. 2 is in running position, current will flow from 
positive line to stationary contact "Ll" (Called "contact finger") and enter the 
iron drum at circular shoe #1, and then flows through the iron drum to shoe #2, 
which is connected to "A2", completing the circuit through the armature. The return 
circuit for the armature is from "Al" to Shoe #5, through iron drum to shoe #3, 
*hich is connected to "L2". 

Drum controllers are very rugged and will give excellent service with a minimum 
of maintenance. The contact fingers and bars may be replaced when burned or worn. 
Drum controllers may be equipped with auxiliary contacts that close when the drum is 
in the "OFF" position. These contacts are used to complete a dynamic brake circuit 

or to operate relays for overload protection. 
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DRUM CONTROLLER WITH 
OVERLOAD PANEL  

This diagram illustrates how an overload panel is used to 
protect the motor against overload and "no voltage" conditions, 
by using contacts "Ll" and "C" to complete the relay circuit 
when the controller is in the "off" position. 
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Shunt field 

Trace forward armature, reverse armature and field circuits. Draw 
the terminal board on the diagram and test and identify the terminals. 
Do not show the terminals connected. Male all connections as shown 
if a compound motor is used. If shunt motor is used connect S1 to L2. 

If series motor is used omit P1 connection. COYNE 
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DRUM CONTROLLER 
STARTING, REGULATING ec RPNERSING DUTIES 

Stationary contacts 

-5 *._•••• 
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e  

LINE 

1 4" - 

Movim; e ntacts 

Blowout 
co 1s 

- •.-

Foreard Reverse 

Armature starti.r res -is,o' 
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Trace the following circuits. 
Forward armature-
Reverse armature-

Fl  Shunt field, F2 
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DRUM CONTROLLER USED FOR 
DYNAMIC BRAKING  

LI 

i 

SERIES FIELD 

COPPER CONTACTING 
SHOES 

 U1SISLUSIZI)  
COMMUTATING FIELD 

SHUNT FIELD 

This diagram shows a compound motor controlled by a drum control-
ler having auxiliary contacts for dynamic braking. 

Advantages of this type of braking are: no mechanical wear, less 
maintenance, economical, effective and, altnough powerful, will not 
damage the motor is properly applied. 

Caution must be used, when applying dynamic braking, to prevent 
an overload of current through the armature. This is accomplished 
by connecting a resistance in series with the armature braking cir-
cuit, or by decreasing the field strength to lower the CEMF genera-

ted. 

Dynamic braking is known as "regenerative braking," when the cur-
rent generated by the CEMF is fed back into the power line. By lea-
ving the armature connected to the line and over-exciting the field, 
the OW becomes greater than the line voltage. This means that the 
motor will now act as a generator and will help to carry the line 
load. This method is used on electric trains which run down long 
grades. In some systems, as much as 3564 of the power used is gener-

ated in this manner. 

Dynamic braking, or regenerative braking, is only effective when 
the armature is rotating. Therefore, where it is necessary to hold 
a load which tends to revolve after brought to a stop, some form of 
"magnetic or mechanical brake must be used in conjunction with dynam-

ic braking. 
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DRUM CONTROLLER 
STARTING, REGULATING, REVERSING AND DYNAMIC BRAKE DUTIES. 

Armature stqrt'rn resistnrs 
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FaFnetic blowout 
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 • 
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Trace armature, field and dynamic brake circuits. 
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Drum controller for starting, regulating, 
reversing and dynamic brake duties. 

F1 
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F1 

R1 

R2 
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nee" • 
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R4 4 

• 

Armature starting resistors 
Al A2 

Interpole 

Fi 
Scri ,Js fiuld 

Shunt field 

Trace armature, field and dynamic brake circuits. Draw the terminal 
board on the diagram and test the terminals to identify them. Do 
not show the terminal board connected. Make all connections as 
shown for a compound motor. If shunt motor is used connect R5 to 
L2. If series motor is used omit F1 connection. COYNE 



CAM-TYPE DRUM SWITCHES 

Lower or 
forward 
4321 

Arm. Comrr 
field 

Do not use with 
CR 4 409 panel 

Seres 
f ield 

A A2 5 52 SRI 

Protective, panel 

Series 
brake 

For series motors only 

Lower or 
forward 
4 3 2 1 

Ri 

Ai 

Arm. 

9 10 Hoist or 
reverse 

8 1 2 3 4 

51 6 

4 

2 

1 R2 

Ri 

R4 
6--. 

11 12 

I 
Il I 
li I 
Ill 

001 
Lines 

_LeLiL21 
I l 

 III L21. 

Protective panel 

B2 

Comm Series Series 
fle.ld brake field 

f' f12. 
! Shunt' field 

(if used) 

D!Schar9e. resistor 
(if used) 

For shunt and compound motors 

Lower or 
forward 
4 3 2 1 

7-77-

I 
I I 
I I 

11117 

IMF ! 
, 

III I i 

9 ‘ i L10 

8 

A2 

Arm. Comm. 
field 

Ljnes 

r111 
_45.1 L2i 

 lo 
ILI L21 

Protective pane 

Series 
field 

BR1 BR2 

Series 
brake 

For series motors with traveling cranes 

GENERAL ELECTRIC CR 3108 Contacts are cam closed and cam opened. For starting 

and/or speed regulating. Off position contact can be used (1) with a protective panel 

to provide undervoltage and overload protection, or (2) with a dynamic braking resistor 

to provide quick stop. 
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-t-
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DRUM CONTROLLERS AND DRUM REVERSING SWITCHES 

STARTING RESISTOR 
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VARIABLE VOLTAGE CONTROL. 

• 
„.--GENERATOR FIELD RHEOSTAT. 

FIELD REVERSING 
SWITCH. 

MOTOR FIELD RHEOSTAT. 

RIVING MOTOR 

ENERATOR 
ARMATURE. 

MOTOR 
ARMATURE. 

,-
,---t.DENERAToR FIELD 

C> 
.CD 
C> 

C).1 
MOTOR FIELD 

The variation in speed ob-
tainable by field control on the 
ordinary D.C. motor will not, 
in the average case, exceed 4 
to 1 due to the sparking diffi-
culties experienced with very 
weak fields. Although the 
range may be increased by in-
scrting resistance in series 
with the armature, this can be 
done only at the expense of ef-
ficiency and speed regulation. 
With constant voltage ap-

plied to the field, the speed of 
a D.C. motor varies directly 
with the armature voltage; 
therefore, such a motor may 
be steplessly varied from zero 
to maximum operating speed 
by increasing the voltage ap-
plied to its armature. The 
sketch shows the arrangement 
of machines and the connec-
tions used in the Ward Leon-
ard type of variable voltage 
control designed to change 
speed and reverse rotation. 
The constant speed D.C. gen-
erator (E) is usually driven 
by an A.C. motor (A) and its 
voltage is controlled by means 
of rheostat R. Note that the 
fields of both generator (B) 
and driving motor (C) are en-
ergized from a separate D.C. 

supply or by an auxiliary ex-
citer driven off the generator 
shaft. Thus the strength of 
the motor field is held con-
stant, while the generator 
field may be varied widely by 
rheostat R. 
With the set in operation 

generator (B) is driven at a 
constant speed by prime mov-
er A. Voltage from B is ap-
plied to the D.C. motor (C) 
which is connected to the ma-
chine to be driven. By proper 
manipulation of rheostat R 
and field reversing switch S 
the D.C. motor may be gradu-
ally started, brought up to 
and held at any speed, or re-
versed. As all of these changes 
may be accomplished without 
breaking lines to the main 
motor, the control mechanism 
is small, relatively inexpen-
sive, and less likely to give 
trouble than the equipments 
designed for heavier currents. 
The advantages of this sys-

tem lie in the flexibility of the 
control, the complete elimina-
tion of resistor losses, the rel-
atively great range over 
which the speed can be varied, 
the excellent speed regulation 
on each setting, and the fact 

that changing the armature 
voltage does not diminish the 
maximum torque which the 
motor is capable of exerting 
since the field flux is constant. 
By means of the arrange-

ment shown, speed ranges of 
20 to 1—as compared to 4 to 1 
for shunt field control—may 
be secured. Speeds above the 
rated normal full load speed 
may be obtained by inserting 
resistance in the motor shunt 
field. This represents a modi-
fication of the variable volt-
age control method which was 
originally designed for the op-
eration of constant torque 
loads up to the rated normal 
full load speed. 
As three machines are usu-

ally required, this type of 
speed control finds application 
only where great variations 
in speed and unusually smooth 
control are desired. Steel mill 
rolls, electric shovels, passen-
ger elevators, machine tools, 
turntables, large ventilating 
fans and similar equipments 
represent the type of machin-
ery to which this method of 
speed control has been ap-
plied. 
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WESTINGHOUSE A-C ADJUSTABLE SPEED DRIVE 

METHOD OF OPERATION 
The schematic diagram illustrates the simplicity of the 

A-C adjustable speed drive. To start the drive, it is only 
necessary to press the "start" button which closes the 
linestarter, brings the motor generator up to speed and 
starts the D-C driving motor. This method of starting acts 
as a magnetic cushion to prevent shocks on gears while ac-
celerating. The speed of the D-C driving motor can be set 
by changing the setting of the generator field rheostat. 
When all os the resistance is in the rheostat, the generator 
voltage and motor speeds are at their maximum value. 
As the resistance in the rheostat is reduced, the generator 
voltage is lowered and the motor operates at a slower 
speed. 

A G LINESTARTER 
START ST OP 

PUSH 
BUT TON 

SPEED ADJUSTING 
RHEOSTAT 

Once the rheostat has been set for the desired speed, 
the drive can be started and stopped without touching 
the rheostat. The driving motor will come up to the set 
speed when the "start" button is pressed. 

The motor will carry its rated horsepower at rated speed 
(usually 1750 Rpm.) continuously without exceeding 40°C. 
temperature rise. The units are suitable for continuous 
operation from 1750 Rpm. to 175 Rpm. at constant torque 
(horsepower varies directly proportionate with the speed. 

Since the generator voltage decreases with a decreasing load, 
the series motor connot overspeed at light loads or no load. 

SPEED MAINTAINED FROM COLD TO HOT OPERATION 

It is an inherent characteristic of shunt wound machines 
that as the shunt fields heat up the speed of the machine 
will increase as much as 10% or more. With the deries 
type machine used in this drive, there is practically no 
change in speed from cold to hot operation. 

SPEED MAINTAINED WITH LOAD VARIATIONS 

Once the desired speed has been obtained by setting 
the rheostat, it will be maintained within reasonably close 
limits regardless of variation in load or temperature 
changes. If the load increases, the motor will draw more 
current which, in turn, increases the generator field 
strength and raises the generator voltage. This compen-
sates for the drooping speed characteristics of the series 
wound motor and keeps the motor rotating at the same 
speed regardless of load. Likewise, if the load falls off, 
the generator voltage decreases and the motor continues 
to operate at its set speed. 

Thus the adjustable speed drive combines the desirable 
high torque characteristics of a series motor with the flat 
speed characteristics of a shunt wound machine. 

EQUIPMENT INCLUDED 

MOTOR GENERKTOR—The motor generator set is of the 

2-bearing unit type standard horizontal construction, 

easily mounted in any convenient location. It operates 

at 1750 Rpm. insuring long life of the bearings, com-

mutators, and nrushes. Bearings and brushes are readily 

accessible for inspection and maintenance and it is not 

necessary to dismantle the unit to get at the bearings. 

ALTERNATE EQUIPMENT 

Manual reversing and dynamic break in 
the 'off" position can be supplied. Inching 
service with control interlock to assure slow 

speec can be furnished. 

Speed ranges, other than 1750 to 175 Rpm. 
are possible by the selection of a slower speed 
D-C drive motor or by the substitution of a 

gearmotor. 

Motor generators can be supplied for 25 
and 50 cycle operation but may be of the 

two-unit coupled type. 

A Totally-Enclosed Fan-Cooled motor, Splash-

proof motor, or motor with semi-enclosing 
covers may be substituted for standard open 
D-C driving motors. 

A 'De-ion" Combination Linestarter (cir-
cuit protective device and motor starter) can 
be used in place of the standard linestarter. 
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WESTINGHOUSE A-C ADJUSTABLE SPEED DRIVE 

D-C DRIVE MOTOR—The drive motor is 

the standard, open, Type SK motor 

which has been proved through years 

of severe service under all sorts of oper-

ating conditions. It is equipped with 

sealed-sleeve bearings which seal oil 

in—foreign matter out. Standard speed 

supplied is 1750 Rpm. 

Other enclosure types (see alternate 

equipment), and other speeds, including 

gearmotors, can be supplied if desired 

at additional cost. 

RHEOSTAT—The generator field 

rheostat supplied is a plate type 

rheostat. It is provided with an 

adjustable stop which permits set-

ting the maximum generator volt-

age at the time of installation and 

so prevent improper operation of 

the machine. This rheostat may be 

mounted on the wall, machine or 

any location convenient to the oper-

ator. Hand wheel permits adjust-

ment of setting desired. 

LINESTARTER AND PUSHBUTTON—The 

linestarter supplied as part of this 

drive is a standard Class 11-200 

across-the-line magnetic starter. It 

has hi-metallic overload protection 

and "De-ion" arc quenchers. It 

may be operated by standard 

"start" "stop" pushbutton mounted 

in a convenient location. If de-

sired, however, the "start" "stop" 

can be built into the door of the 

linestarter to further simplify in-

stallation. 

SPECIFICATIONS-A-C. ADJUSTABLE SPEED DRIVES 

Ames 

16 

14 

12 

to 

6 

4 

2 

RPM 

2600 

2 

i 

2200 

2000 

1800 

1600 

1400 

1200 

1000 

800 

400 

200 

rt 

FULL LOAD 
TOROUE 

L4---------

441`...................................................„  

i 
1 

l'es.- 

l 

' 
o 
' 1 
• 

1 
1 

res..— 
4 

..........1,...._. 

1 

o 4 8 8 10 12 

TORQUE 

Typical Speed-Torque Curves 

STARTING TORQUE—High starting torque is inherent in series motors 
at minimum speed setting. For example, a 10 HP. drive will develop 
600% of its full load running torque. 

HORSEPOWER RATING—These drives are available in ratings from 
1 to 15 HP. inclusive, and can be supplied to operate from 208, 
220, 440 or 550 volts, two or three-phase, 60 cycle power supply. 

SPEED RANGE—A 10:1 speed range can be obtained by a single 
rheostat. That is, a 1750 Rpm. machine down to a 175 Rpm. before 
or during operation. Motors with slower full speeds, or gearmotors, 
can also be used giving the same 10:1 speed range. 

TEMPERATURE LIMITS—The motor will carry its rated HP. at rated 
speed (1750 Rpm.) continuously without exceeding a 40'C. tem-
perature rise. The units are suitable for continuous operation from 
1750 Rpm. to 175 Rpm. at constant torque (HP. varies directly 
proportional with the speed). At slow speeds, the temperature will 
be somewhat higher than 40°C. due to reduced ventilation but 
will not exceed a hale value. 

OVERLOAD PROTECTION—The thermal overload relay in the A-C 
linestarter provides protection to the drive against high power and 
systematic overloads at normal operating speeds. In addition, the 
D-C motor is equipped with a thermoguard which protects the 
windings against overheat on overloads at any speed. The thermo-
guard is mounted directly on the motor winding and at unsafe 
temperature opens the linestarter circuit removing the motors 
from the line. This permits the motor to develop heavy overloads 
for short periods of time or carry sustained overloads for a long 
time without danger of damaging the winding. 
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Regulex Control 
isese 

GEN . FIELD 
RHEOSTAT 

MOTOR FIELD 
RHEOSTAT 

D.C. 
SUPPLY 

) 

Diagram of basic variable voltage systern. 

Most main drives have their generators and motors 
separately excited. The variable voltage control may 
be manual or automatic. Regulez exciters auto-
matically control the drive motor performance of 
constant or predetermined speed, tension, power, 
acceleration, deceleration, position, reversing, current 
lirait, etc., or combinations of these functions. Rock-
ing-Contact voltage, current, speed or tension 
regulators are also used in conjunction with exciters. 
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Temper Mill Control 
TEMPER MILLS take the steel coils from the 

annealing furnace and roll the steel under tension to 
produce the desired mirror surface finish and temper. 
The entry reel s used to provide back tension and 
usually a tension roll device provides delivery tension. 
The strip is then recoiled by the delivery reel. 

Regulex exciters are used for accurate reel tension 
control and Regulex exciters, Rocking-Contact 
regulators or tensionmeters control tension between 
stands. 
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Schematic diagram of temper mill control, illustrating Regulex tension control on the entry and delivery 
reels, and Rocking Contact regulator control on the tension rolls. 
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Regulex Exciter 

LOAD 

e 

LOAD 

MINUTE 
CONTROL 
FIELD 

RESISTANCE 
0-A 

Regulex exciter with end bell removed to show 
armature, brush rig, shunt field, control field, and large 
flux path. 

Sill .Nt FIELD 

Now suppose the flux path is made large enough so 
that there is no saturation (within rated voltage 
range.) If this is done the saturation curve becomes a 
straight line as shown below. And suppose the 
field rheostat is replaced by a resistor set to give field 
resistance line O-A. The field resistance line is set 
to fall directly on top of the straight line satura-
tion curve. Now you have one form of Regulex 
exciter (Fig. left). The shunt field always supplies 
enough ampere-turns to produce whatever particular 
operating voltage exists. 

ARMATURE 
VOLTS 

REGULE X 
EXCITER CURVE 

STRAIGHT LI NE 
SATURATION CURVE 

SHUNT FIELD AMPERE TURNS 

.7E5 

Straight line characteristic of the Regulex exciter. 

Paper and Rubber Mill Control 
The Regulex exciter finds wide application in paper, 
rubber, textile and other process mills where close 
control of speed, tension, acceleration and position are 
required. A few typical applications are single motor 
paper machine drives, paper reeling machines, paper 
and rubber calenders and textile bleaching lines. 

SELF -

EXCITED 
FIELD 

CONTROtrWM  

SPEED ADJ. 
RFIEO. 

SPEED REFERENCE 
TACHOMETER GEN 

(-) 
Schematic diagram showing Regulex speed con-

trol frequently used on calender drives. Generator vol-
tage is varied to hold constant motor speed by balancing 
tachometer voltage against d-c reference through adjust-
ing rheostat. 

In these applications the Regulex exciter improves 
quality of product by more accurately controlling the 
speed, increases versatility of driven machine by per-
mitting wider speed range, gives a more uniform prod-
uct with less waste by controlling tension, and steps 
up production by cutting acceleration and decelera-
ation time. 

A.C. 

ADJUSTING SUPPLY 
RHEOSTAT 

Schematic diagram of very accurate speed con-
trol at any given load by generator voltage regulation over 
wide speed range. 
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Arc Furnace Control 
Regulex control on arc furnaces provides a sensitive, 
accurate means of manually or automatically regula-
ing electrode position. The speed and accuracy of 
response of the Regulex generator permits fast melt-
down, low electrode consumption and a high degree 
of power economy. Maintenance is low because relays 
and contactors are eliminated. 

Each separately excited electrode motor is con-
nected directly to its individual Regulex generator in 
the variable voltage system as shown. Reversing op-
eration of the electrode motor is controlled by the 
relative strength of the current field and the voltage 
field in the Regulex generator. The current field and 
voltage field are in opposition to one another. The 
strength of the current field is proportional to the arc 
current and the strength of the voltage field is pro-
portional to the arc voltage. When the correct arc 
current and voltage exist these fields are balanced and 
there is no output voltage on the Regulex generator 
and consequently no power supplied to electrode 
motor. As soon as conditions become unbalanced, 
these field strengths are no longer equal and the 
Regulex generator instantly applies an amplified 
voltage to the electrode motor to raise or lower the 
electrode and return arc conditions to normal. 

TO CIRCUIT BREAKER OVERLOAD RELAY, WAT TM( TER 
C *ND WATTHOUR METER ON 

PRIMARY SIDE OF TRANSFORMER 

MM MM MM 

FURNACE 
TRANSFORMER 

VARIAC 

 .8 PHASE 
 .0 PHASE 

Regulex Control 

The amount of forcing on the electrode motor is 
proportional to the amount of unbalance, giving con-
tinuous, smooth and stepless regulation with regener-
ative braking so that the electrode motor comes to a 
quick stop as soon as there is balance again. No brakes 
are needed. 
The Regulex set consists of a-c driving motor and 

three Regulex generators (one for each electrode 
motor on three phase furnaces). An auxiliary gen-
erator can be supplied on the set for auxiliary d-c 
power around the furnace if desired. Flywheels may 
also be added to provide the highly desirable feature 
of automatically raising the electrodes out of the bath 
on a power failure to the furnace. 

Regulex generator set for three phase arc furnace. 
Consists of three Regulex generators, driving motor, 
auxiliary power supply generator, and flywheels. 
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Schematic diagram of Regulex control on three phase arc furnace. 



508 CONTROLS - D-C MOTOR - VARIABLE VOLTAGE DRIVE 

Regulex Control 
Generator Voltage Regulation 

One of the most important applications of the Regulex 
exciter is to hold accurate, constant voltage output on 
alternators, generators, and synchronous condensers 
in power plants. Here the Regulex exciter is used 
as an exciter supplying excitation to the generator or 
in the case of large generators, the Regulex exciter 
replaces the pilot exciter. 

The ac generator voltage is stepped down by a 
potential transformer whose secondary voltage is 
connected to two circuits: One, the regulating section 
consisting of a full wave rectifier giving a d-c voltage 
across 0-A proportional to a-c generator terminal 
voltage. The second is the reference section, consist-
ing of a voltage reference saturated transformer and 
full wave rectifier giving a substantially constant 
voltage 0-B. These two voltages are in opposition to 
one another through potentiometer connected voltage 
adjusting rheostat. Thus the resultant or differential 
voltage acting through the Regulex control field 
causes the Regulex exciter to supply correct excitation 
to the generator to hold constant generator voltage. 

When the generator terminal voltage is normal, 
voltage 0-A just equals reference voltage O-B and 
the Regulex exciter output is constant at the required 
value. However, if generator terminal voltage changes 
for any reason, the voltage that is applied to the con-
trol field is proportional to the amount of unbalance 
between 0-A and O-B and the speed of excitation 
forcing action varies accordingly. By this means 
maximum corrective effort is applied in the correct 
direction for large generator voltage changes and field 
forcing tapers off as conditions return to normal. In 

VOLTAGE REFERENCE 
SATURATED TRANSFORMER 

3ELF- EXCITED FIELD 

CANTEEN_ PLO 

voLTAGE ADJUSTING RHEOSTAT 

Schematic diagram of Regulex exciter accurately 
controlling output voltage on a-c generator in power plant. 

this way generator voltage returns to normal smoothly 
without overshooting. 

The speed of voltage recovery on the generator is 
practically instantaneous because the rapid response of 
the Regulex exciter eliminates time delay in the circuit. 

For d-c generators, the rectifiers and transformers 
are eliminated and a d-c source is used as a reference. 

Regulating and indicat-
ing tensiometer diagram. 
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Electronic Synchronizer, 
The more important features of the device are: 

1—A "lock-out" feature that prevents the Syn-

chronizer from energizing the switching mech-

anism's closing coil unless the frequency dif-

ference is less than a selected amount. This 

"lock-out" frequency difference is readily 

adjustable. 

2—The phase angle in advance of synchronism 

at which the closing coil of the switching 

mechanism is energized, is adjustable so that 

the Synchronizer can be used with various 

switching mechanisms having different cics 

ing times. 

3—The XT Synchronizer imposes a burden of 

only five volt-amperes on its source of supply 

This low energy consumption is important, 

particularly when the power source is limited 

such as condenser-bushing potential devices 

4—The XT Synchronizer is provided with its own 

power pack, consisting of a transformer, rectl - 

fier tube (Type UX 280), and the necessary 

condensers and reactors to give a smooth 

source of direct current. This power pack 

eliminates the need of any B batteries, which 

would have to be periodically replaced. It 

is appropriately called a B Eliminator and 

is used only when 250 volts direct current is 

not available. 

The Synchronizer can be used either when the 

switching mechanism it controls is the first tie between 

two sources to be connected, or when another tie 

between the two sources already exists. Examples of 

the former are: (a) synchronizing a generator to 

another generator, (b) synchronizing a generator to 

a power system, and (c) synchronizing two separate 

systems. Examples of the latter are (a) synchronizing 

two lines of the same system, and (b) synchronizing 
two systems already connected at some other point. 

In other words, the Synchronizer is applicable in almost 

all synchronizing applications. The switching mecha-

nism should be a circuit breaker taking from .5 to 1.0 

seconds to close. 

OPERATION 

To perform its functions the XT Synchronizer 

shown in Fig. 41, employs two interlocking relays 

indicated as relay II and relay III in Fig. 42. Relay 

Type XT 

RELAY 

FREQUENCY DIFFERENCE 

Figure 42 - Graph Illustrating the Operation of the 
Control Relay of Synchronizer 

V 

b 

III operates and closes its contacts at a fixed point 

in advance of synchronism, the closing characteristic 

being independent of the frequency difference as il-

lustrated by line b, while relay II closes its contacts 

at a point in advance of synchronism proportional 

to the frequency difference and phase angle according 

to line a of Fig. 42. An interlock between relays 

II and III is arranged so that another relay, IV, which 

is energizing the breaker closing coil, is closed only if 

relay III is operated before relay II is closed. Under 

these conditions, this relay combination has the char-

acteristic required of the ideal Synchronizer. Then f 

in the figure is the selected lock-out frequency dif-

ference as given by the intersection of line a and b. 

The closing characteristic of relay II is adjustable. 

It can be made to operate at various angles of phase 

separation for the same frequency difference by chang-

ing the setting of a control potentiometer. In order to 

u ar the Synchronizer with switching mechanisms hav-

ing different closing times, it is necessary to adjust the 

control potentiometer and thereby change the slope 

of line a of Fig. 42. The greater the slope of line a, 

the slower the switching mechanism with which the 

Synchronizer is used. 

When the slope of line a is changed, the lock-out 

frequency will change unless the operating angle of 

relay III is altered. Therefore, to keep the same lock-

out frequency, the operating point of relay III must 

be altered at the same time the control potentiometer 

of relay II is changed. In Fig. 42 the dashed lines a, 

and b, represent the characteristics of the relay when 

the Synchronizer is used with a switching mechanism 

COURTESY WESTINGHOUSE ELECTRIC CORP. 



faster than the one that would be used corresponding 

to the relay characteristics as shown by the solid 

lines a and b. 

The schematic diagram of the automatic Syn-

chronizer, Fig. 43, shows, in addition to relays II and 

III and breaker-closing relay IV, also an intermediate 

relay I. The function of relay IV is to interpose a 

MACHINE 

510 INDUSTRIAL ELECTRONICS 
time delay corresponding to one phase rotation before 

allowing the Synchronizer to take control, and thus 

prevent synchronizing until condenser C3 (the action 

of C3 will be explained later) has assumed the charge 

corresponding to the instantaneous phase-angle dis-

placement and frequency difference. The sequence of 

relay operation when the Synchronizer is given control, 
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The first time the phase-angle displacement is zero, 

relay II operates, and "make" contacts of relay II 

energize relay I, which operates and seals itself in. 

As long as relay II remains energized its "break" 

contacts prevent relay III operating. However, be-

cause the frequency of the two systems is different, 

relay II becomes de-energized as the systems separate 

in phase angle. Then, as the phase-angle separation 

passes 180e and begins to decrease toward 0°, relay 

III becomes energized. (This is true if the lock-out 

frequency is greater than the frequency difference: 

otherwise relay II operates first and prevents relay 

III from being energized.) Relay II then becomes 

energized after relay III. The instant the contacts 

of relay II close, relay IV becomes energized and seals 
itself in. It is significant that capacitor C4 stores suf-

ficient charge to keep relay III energized for a short 

interval after the break contacts of relay II open its 

circuit. This interval allows relay IV time to operate. 

When the circuit breaker is closed, the automatic 

Synchronizer is disconnected from the 250-volt con-

trol circuit by means of an auxiliary relay, which is 

operated by auxiliary contacts on the switching mech-

anism. Because relay IV can operate and close the 

circuit breaker only if both relay II and relay III are 

closed, the device is made inoperative by failure of 

either of the electronic tubes. Faulty synchronizing 

because of tube failure is, therefore, prevented. 

Tube 1 is in series with the coil of relay III and 

tube 2 is in series with the coil of relay II. Therefore, 

the operation of the relays discussed above, is depend 

ent upon the current conductivity of the tubes 

The automatic Synchronizer is connected to the con 

denser-bushing potential device or potential trans-

formers on the two systems to be paralleled. (The 

secondary voltage of this potential device must be 

110.) This is done by two transformers, the second-

aries of which are connected to give a dark lamp 

beat voltage across Rectox banks I arid 2. The a c 

components of the rectified voltage are smoothed 

out by condensers C and C The Rectox output 

voltage is, therefore, essentially a pulsating d-c volt-

age varying according to a sine-wave between zero 

and maximum at a frequency equal to the frequency 

difference between the two systems to be paralleled. 

Tube 1 (type UX-112-A) is connected in series with 

the coil of relay III across a 250-volt, d-c supply cir-

cuit; the d-c voltage being obtained from the B 

Eliminator. By means of the potentiometer P1, the 

grid is supplied with a constant negative bias that 

can be varied by changing the potentiometer setting. 

In addition to this bias, a negative bias equal to one-

half of the d-c voltage across Rectox 1 is applied to 

the grid. This bias is a maximum when the phase-

angle displacement between the system voltages is 

across resistor R3, the magnitude of this voltage drop 

being proportional to the frequency difference. 

The voltage drop across R3 is connected to give a 

positive bias to the grid of tube 2 when C, is dis-

charging. A preset constant negative bias is applied 

to the grid of this tube by means of the potentiom-

eter P2, and a varying negative bias is obtained 

from resistors R, and R2 across the terminals 

of Rectox 1. It is this varying negative com-

ponent that introduces the effect of phase-angle sep-

aration on the operation of relay II. Potentiometer 

P2 is so adjusted that the negative grid bias obtained 

from the potentiometer is just low enough to operate 

relay II at zero phase-angle displacement when the 

frequency difference is zero. For any definite fre-
180 degrees. When the phase-angle is reduced, the 

negative bias on the grid is reduced until a point is 

reached where the total negative bias on the grid is 

low enough to allow relay III to close its contacts. 

By adjusting the potentiometer, the operating char-

acteitsti, for relay III can be located at any phase-

angle position between zero and 40 degrees. 

The proportional advance characteristic of relay 

II is obtained through the combined action of con-

denser C3, resistor R3, resistors RI and R2, potentiom-

eter P2 and the voltage across Rectox 2. As pre-

viously stated the d-c output voltage of the Rectox 

is pulsating at a rate proportional to the frequency 

difference between the two systems to be paralleled. 

The voltage across the condenser C3 when the fre-

quency difference is zero is equal to the output volt-

age of the -Recto: 2. If the two systems differ in 

frequency by a definite amount, and if the phase-

angle displacement is changing from 180 degrees 

toward zero, then the voltage across the terminals of 

the Recto: and the voltage across condenser C3 are 

decreasing, but the voltage across the condenser is 

higher than the Recto: voltage by an amount depend-

ent upon the frequency difference. The discharge 

current from the condenser will produce a voltage drop 
quency difference the grid of tube 2 has a definite 

positive bias that reduces the total negative bias 

(composed of an adjustable component from P, and a 

varying component from RI and R2) on the grid, and 

relay II, therefore, operates at an advance phase-
angle position. The amount of this phase advance is 

proportional to the instantaneous frequency difference 
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Figure 56—Schematic Diagram of DT-5 Regulator Used to Regulate an A-C Generator 

A comparison of Fig. 60 of this section and Fig. 55 
of the section on the DT-5 voltage regulator shows 
that, with the elimination of capacitor CI. and resis-
tor 122,3 and the addition of two capacitors (C2s, Cz.) 
and a resistor (1230), the two devices are the same. 
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These additional elements constitute an anticipatory 
circuit, which, in conjunction with the anti-hunt cir-

cuit, provides the highly sensitive, quick-response 

speed regulation. 
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Figure 60—Schematic Diagram of DT-3 Speed Regulator 
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The Mot-O-Trol provides a wide speed range by 

armature voltage control as well as by field control. 

The armature voltage-control speed range can be as 

high as 50 to 1. The obtainable field-control speed 

range can be from 2 to 1 up to 4 to 1 (special motors), 

giving a potential maximum (in special cases) of 200 

to 1. 

The speed of the motor is varied in a smooth and 

stepless way by means of a small potentiometer unit. 

The speed is automatically regulated so that, for a 

particular setting of the speed-control potentiometer, 

it remains essentially constant for all torques between 

no load and full load. 

110 ,1 - FO • 1.0 •••L.C•T'OM COM•tC , DO , ,t .A.M.I•S 

OH. 'HO • (N -".) ONT SOLO AHOMOS 

,O• Ito s, •••,. 'CA , CON•CC , SOL ,0 JUII•olt 

"4 -.10 0 .. ? 00"CD JUI..(1.11 

The Mot-O-Trol provides an automatic current 

limit and time delay acceleration of the motor where-

by the motor is smoothly accelerated to the operating 

speed corresponding to the setting of the speed con-

trol potentiometer by simply depressing a push-

button. The starting current never exceeds the pre-

determined limit, which is fixed by the setting of the 

current-limit control potentiometer. This is adjust-

able and is normally set for 150 to 200 per cent of 

rated motor current. 

The Mot-O-Trol provides for the dynamic braking 

of the motor. When the Stop pushbutton is pressed, 

the motor is quickly stopped by dynamic braking. 

The intensity of braking action is adjustable. 

Figure 68 Schematic Diagram of Type MRF- 11 Mot-O-Trol Equipment 
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THEORY OF OPERATION (Refer to Fig. 79) 

Each individual timing circuit of the NEMA Type 3B, 

functions electrically the same as the timing circuit of the 

NEMA Type 1A. The sequence of the timing function is as 

follows: When the foot switch is 

closed, 1CR relay is energized, ener-

gizing the head solenoid of the weld-

ing machine with contacts 1CR and 

starting the timing period of the 
first timing function or "squeeze" 

time with contacts 1CRi,. 1CR,. then 
parallels the foot switch to effect the 

non-beat operation. 

After an interval of time deter-

mined by the setting of potentiometer 

Pi, relay 1TD is energized due to the 
conduction of tube 1 and the Weld-

0-Trot ignitor circuit is initiated by 

contacts 1TD,. Contacts 1TD1, 

start the timing of the second timing 

circuit or "weld" time. 
After an interval determined by 

the setting of potentiometer 13,, relay 

4TD is energized by the conduction 

of tube 4. This de-energizes relay 
1TD, thus stopping the flow of cur-

rent through the Weld-O-Trol. Con-

tacts 4TE:el, parallel contacts ITDI, 

to prevent tube 4 from ceasing con-

duction, and contacts 4TD, start the 
timing of the third or "hold" time 

circuit. Note that the solenoid of 

the welder is kept energized until the 

end of "hold" time. 

After an interval determined by 

the setting of potentiometer Pi, STD 
relay is energized by the conduction 

of tube S. Contacts STD,* parallel 
contacts 4TD, to prevent the tube 

from ceasing conduction. Contacts 

STD,' de-energize relay 4TD, while 

contacts 5TD,. de-energize relay 1CR, 

allowing the head of the welding 

machine to rise. Contacts STD', 

start the timing function of the 

fourth or "off" time circuit if switch 

S, is closed. The head of the welding 

machine remains open during the 

timing interval of the "off" time cir-

cuit. When 6TD relay is energized 

by the conduction of tube 6, contacts 

6TD„ de-energize STD relay which 

allows the circuit to go through 

another sequence of operation if the 

foot switch has remained closed. If 
switch S. is open, STD remains en-

ergized until the foot switch is opened. 
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NEMA Type 7B Sequence Timer 

The NEMA 7B is a sequence timer, timing only 
the functions of the electrodes of the welding machine 

and leaving the timing of the weld periods to the 
SP-15C. A NEMA Type B and a 15C timer when 

used together, perform the functions of the NEMA 

3B timer except the timing of the welding time is 
synchronous precision timing in the case of the SP-
15C whereas the weld timing performed by the 3B 

is nonsynchronous timing. The NEMA 7B consists 
of three timing functions similar to the timing circuits 

used in the NEMA 1A; namely, "squeeze", "hold" 

and "off-. It also contains a solenoid contactor for 

energizing the head solenoid of the welding machine 

and is equipped with the non-beat feature. The 

mechanical construction of the NEMA 7B is identical 

to that of the NEMA 3B with the exception that it 
contains one less timing function. 

THEORY OF OPERATION 
(Refer to Fig. 82) 

The operation of the NEMA Type 7B is identical 

to that of the NEMA Type 3B except 1TD relay, 
when energized at the end of squeeze time, permits 

the SP-15C timer to go through its sequence instead 

of energizing the ignitor circuit of the Weld-O-Trol 

directly. At the end of the timing period of the 
SP-15C, 2CR relay coil in the 7B timer is energized 
by tube 2 of the SP-15C timer (see Figure 81). The 

contacts of 2CR relay allow STD relay to become 
conductive after a timing interval determined by the 
setting of potentiometer P4. The "oft"' time function 

allows the sequence to repeat after a preset interval 

as determined by the setting of potentiometer P6. 

It should be noted that should the SP-15C timer 

fail to energize the 2CR relay coil, the sequence of 
the 7B timer cannot continue. 
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Figure 82—Schematic Diagram of 7B Timer 
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Heat Control Attachment 

Welds of good metallurgical properties and ap-

pearance require control of weld current as well as 

the time of welding. The heat control is an electronic 
device for adjusting the welding current over a con-

tinuous range without shutting off the power. It is 

usually used in conjunction with widely spaced trans-
former taps. 

It will be recalled that the Ignitrons of the Weld-0-

Trol are insulating until a current pulse is passed 
through the ignitor. If this pulse occurs late in the 

cycle, welding current will flow only during a small 

portion of the half cycle, thus reducing the net heat-

ing. The heat control attachment controls the phase 

position of the ignitor current pulses, and, thereby, 

through the Weld-O-Trol, the power delivered to the 
welding transformer. 

The current pulses in the heat control are regulated 

by two Thyratrons whose grids are phase controlled. 
The phase can be adjusted to give satisfactory opera-

tion as low as 40% heat for 220-volt operation or 

20% heat for 440-volt operation. The term " heat" 

in resistance welding means per cent maximum rms 

current. Phase control of the Thyratrons is ac-
complished by means of a resistance-inductance 

circuit with a potentiometer to obtain the variation 
desired. 
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Metal Wall Thickness Measurement 

from One Side by the Ultrasonic Method 
BRANSON ULTRASONIC CO. 

THE NEED for an instru-
ment which will meas-
ure wall metal thickness 

nondestructively when only 

one side is accessible is wide-
spread. Practical applications 
include measurement of tanks, 
ship hulls, pipes and tubes, 
and many types of pressure vessels where it is required to 
determine the extent of metal thinning due to erosion or 

corrosion. Several different methods have been used. 
These include measurement of potential drop, measure-
ment of back-scattered radiation from a radioactive source, 

electromagnetic methods, ultrasonic pulse methods, and 
the ultrasonic resonance method. The ultrasonic res-
onance method to be described in this paper is the most 
recent and, although it does have limitations, it is the 

method most widely used at the present time because of 
its inherent simplicity, accuracy, reliability, and wide 
range. In addition to thickness measurements, instru-

ments operating on the ultrasonic resonance principle also 
have proved useful for flaw detection applications. 

PRINCIPLES 

E ULTRASONIC resonance principle of thickness 
Measurement depends upon two fundamental charac-

teristics of sound waves. First, they travel through metal 
at a velocity that is a function of its density and of its 
elastic constants. This velocity is not appreciably in-
fluenced by wide variations in temperature. For the com-

monly used steels, the sound velocity is essentially inde-
pendent of the chemical composition, previous heat 
treatment, internal stresses, and the electrical or magnetic 

properties. 
The relationship is expressed by 

[pE(0+ M1 —)(1 — 2M))1 

when V is the velocity of longitudinal waves in centimeters 
per second; E is the Young's modulus in dynes per square 
centimeter; p is the density in grams per cubic centimeter; 

and M is Poisson's ratio. 
In the second place, sound waves are reflected by inter-

facial surfaces separating two materials such as metal and 
water that have different acoustical impedances. Stand-
ing waves can be set up within the wall of a pipe, or within 

'It 

Full text of a conference paper presented at the AIEE Winter General Meeting, 
January 22-26, 195f, New York, N. Y. Recommended by the AIEE Committee on 
Electronics. 

DIV. OF BRANSON INSTRUMENTS, INC. 

This article discusses the principles of metal 

wall thickness measurement from one side and 

an instrument for making such measurements. 
The selection of quartz crystal and range, 

accuracy, and limitations of the method are 
covered. 

a metal plate, just as standing 
waves are set up within the 
air column of an organ pipe, 

as shown in Figure I. The 
frequency of the standing 
waves depends upon the thick-

ness of the material and the 
velocity of sound in the ma-

terial, just as the frequency of the organ pipe depends 
upon its length and the velocity of sound in air. 
The fundamental frequency at which thickness resonance 

will cccur is given by the relation 

ft = V/21 

where fi is the frequency in cycles per second; V is the 

velocity of sound in the material in inches per second; 
and t is the thickness in inches. This relation is correct 
for the case where the work piece has a higher impedance 
than that of the materials on its opposite faces—and this 

is the practical case. 
Thickness resonance occurs also at all harmonics of the 

fundamental frequency such as 

fi=2.ti., fa =3f, fn= oft 

QUARTZ 
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  1...e...resent. in". st.trirnret Conn. 

Figure 1. Representative standing-wave patterns of ultrasonic 
vibrations in material 
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DIV. OF BRANSON INSTRUMENTS, INC. 
head-phones and increased deflection of an output meter. 
The frequency at which resonance occurs is read on a 

-=  1111,1.1. 

METAL PLATE 

Figure 2. Basic circuit for a variable-frequency ultrasonic 
thickness tester 

The frequency difference between two adjacent harmonics 
is numerically equal to the fundamental frequency. 
When the fundamental frequency is known, the thickness 
can then be determined from the equation t= V/21,. 

When two adjacent harmonic frequencies are known, 
the equation used is 

V 

The instrument under discussion performs two func-
tions—the transmission of sound waves of known fre-

quencies into the material and the detection of the presence 
of standing waves. A basic circuit, shown in Figure 2, 
comprises a variable-frequency self-excited oscillator that 
generates an alternating voltage which is applied to an 
X-cut quartz crystal. When the crystal is held against 

the material to be tested, with a film of oil or other suitable 
coupling fluid between the crystal and the work, an ultra-

sonic wave is transmitted into the material. If the oscillator 

is tuned to a frequency that is an integral multiple of the 
fundamental frequency of the wave in the thickness of the 
material, there ‘vill be a sharp increase in the amplitude 
of the vibration in the part of the wall directly under the 
crystal. This is a resonant condition and because of the 
internal damping in the material there will be an increase 
in the energy dissipated. The effect on the oscillator is 
the same as adding a resistive component across the 

inductance-capacitance circuit and a sharp increase in the 
plate current of the oscillator will result. 
The increase in oscillator plate current due to thickness 

resonance may exceed 100 per cent under ideal conditions. 
Under many practical conditions the change in plate 
current at resonance may be only a fraction of one per cent. 
Increased sensitivity over the circuit shown in Figure 2 is 
then necessary and is obtained by frequency-modulating 
the electronic oscillator over a small frequency increment. 

The result will be pulses of current in the oscillator plate 
circuit when the average oscillator frequency is tuned to 
the frequency at which a thickness resonance occurs. 
These current pulses are produced at an audio-frequency 
rate and are amplified by conventional methods. A 
schematic circuit diagram used for a portable battery-
operated type of instrument is shown in Figure 3. Thick-
ness resonance is indicated by an audible tone in the 

calibrated scale and converted to thickness by use of a 
concentric conversion scale provided on the instrument 
panel. This scale is adjustable to the sound velocity in 
the type of metal to be measured. In the case of harmonic 
resonance indications, the fundamental resonance is equal 
to the frequency difference between two adjacent harmonic 

frequencies. By using harmonic resonance indications it 

is practical to use a 2- or 3-to-1 frequency range for measure-
ments over a thickness range of 100-to-1, or more. 
Other types of instruments,2 designed to frequency-

modulate over a 2-to-1 frequency range, apply the amplified 
output to the vertical plates of a cathode-ray oscilloscope 
to provide direct reading indications. 

THICKNESS RANCE AND ACCURACY 

LOW FREQUENCIES (long w us,elengtns) are suitable for 
thick specimens and rough surfaces. High frequencies 

permit the use of smaller crystals and the measurement of 
thin materials, provided the work piece is sufficiently 
smooth and homogeneous. 

The minimum thickness of material which can be 
measured depends upon the ultrasonic frequency which it 
is possible to use. On materials such as steel, aluminum, 
and glass, with smooth parallel surfaces, it is possible to 
use ultrasonic frequencies of 20 megacycles or higher, and 
measure thicknesses of 0.005 inch, or less. However, 
many materials will absorb the acoustic energy very 
rapidly at such frequencies with the result that there 
will be no thickness resonance indications. Certain types 
of cast iron, for example, can be measured at frequencies 

below one megacycle but no detectable resonance effect 
can be observed at higher frequencies. In general, most 
metal thicknesses of 1/16 inch or more can be measured. 
By using harmonic resonance indications it is sometimes 
possible to measure thicknesses of several feet. It is com-
mon practice to measure heavy-walled pressure vessels 
with wall thicknesses of several inches by using harmonic 
resonances. 

Accuracies within one per cent generally can be obtained 
when it is possible to use the fundamental or the lower 
harmonic indications: On materials of 1/2 inch or more, 

where it is necessary to use higher harmonics, accuracies 
of 2 to 3 per cent can be realized. 

FLAW DETECTION 

SINCE ULTRASONIC waves are reflected at any discon-
tinuity, it is possible to apply the same principles 

used for thickness measurement to certain flaw detection 
applications. One type of commercial equipment which 
is used to detect cracks in rails within the joint bar area is 
shown in Figure 4. The complete equipment, including 
self-contained power supply, weighs only 11 pounds and 

the condition of the rail is indicated by the audible tone 
produced in headphones. In this equipment, the fre-
quency is modulated over a range which includes many 
resonance peaks and results in an audible tone with a 
frequency which is proportional to the distance from the 
top of the rail to the first discontinuity. Other applica-
tions include the detection of laminar flaws in metal 
plates and hydrogen blisters in pressure vessels. 
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TWO-WAY CORRECTION 

The method used is to have a photo electric cell in conjunction with a selector switch detect the errors and 

transmit the information to a correction motor, which in turn operates the "correction transmission" to make the 

needed mechanical adjustment. The above illustration shows a typical application. A frequent variation of this is to 

install the transmission so that it repositions the knife instead of advancing or retarding the feed rolls as illustrated. 

The "Brain" of the unit determines if the register is correct or in what 
direction correction is needed, its simple design is the secret of its efficiency, 

versatility and extreme accuracy. A wiring method which requires it to 

handle only milliamps of current eliminate all possibility of arcing. 

There is a choice of two types, the standard selector switch which corrects 

any error no matter how large. and the "Skip Print" which is used when a clear 
path for the register mark cannot be provided and part of the design itself is 

used for a register mark. 

Photo Electric Scanner: The "electric eye" designed for this type of operation is capable of receiving 2500 

impressions per minute. Will react to either transmitted or reflected light, will respond to any color or surface height 
variation and can be arranged to give a signal by going from light to dark or from dark to light. These features 

make its use possible in instances where a regular printed mark cannot be provided. 
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Basic Facts About • • 
A SATURABLE REACTOR is an inductor with a satur-

able ferromagnetic core, utilizing the nonlinear mag-
netization curve of a ferromagnetic material. In its 
simplest form a reactor consists of a closed magnetic 
core linked by two windings, Figure 1. The gate 
winding, connected in series with the load and a 
source of ac power, constitutes a variable impedance. 
The effective impedance of the gate winding can be 
varied by a current injected into a second winding, 
the control winding. Thus the load current and 
power to the load can be controlled. 

If the reactor is wound on a core of ferromag-
netic material with a magnetization curve as shown 
in Figure 2, the inductance of the power winding 
will vary as a function of the dc-magnetization level 
set by the control signal. 
With the circuit shown in Figure 1, undesirable 

ac voltages are induced in the control winding. 

Unless a high impedance is in series with this wind-
ing, the reactor behaves like a transformer with 
short-circuited secondary. Moreover a control wind-
ing of many turns would result in high induced 
voltages with accompanying insulation problems. 
These difficulties can be avoided by using the 

three- or four-legged reactors shown in Figure 3. 
With these balanced arrangements, there is no net 
voltage of fundamental frequency induced in the 
control winding. Thus, insulation and short-cir-
cuiting problems do not arise. 
The two coils, Np, can be in parallel but this type 

of connection results in a longer time constant. This 
discussion will be limited to the series connection 
By the use of rectifiers and positive feedback ai 

rangements, high-gain high-performance magnetic 
amp:ifiers can be constructed around the basic 
saturable reactor element. The saturable reactor 

Magnetic Amplifiers • Inc 
Tel. CYpress 2.6610 • 632 TINTON AVE., NEW YORK 55, N. Y. 

alone, Figure 4, can be used also in many applica-
tions that don't need high gain. Combinations of 
these basic elements can give the phase-reversible 
output to operate an induction-type control motor 
in a positioning system. One arrangement used this 
way. Figure 5, is known as a saturable transformer. 
Other aspects of the basic reactor are that the 

output can be rectified to supply de to the load, and 
additional control or bias windings can be used to 
add or subtract several input signals. 

PERFORMANCE CHARACTERISTICS 

When wound on a high-permeability core, the 
saturable reactor of Figure 3 is a constant current 
device that tends to produce an average ac current 

Elementary saturable reactor. DC control signal regulates'im-
pedance of gate winding and power to load. Fig. 1 

Normal magnetization curve of silicon steel, neglecting hyste-
resis. Shows how incremental permeability, and hence induc-
tance, will vary as operating point on curve. Fig. 2 

direc:ly proportional to the de control current, I. 
This relationship can be expressed. 

= (1) 

This equation is exact for idealized materials hav-
ing the magnetization characteristics shown in 
Figure 6 and is closely approached by practical re-
actors wound on high grade cores. Thus, if the 
gate winding turns are equal to the control turns. 
the load current equals the control current, Figure 7. 
'the output current of a saturable reactor in its 
linear region is almost independent of the load and 
is not sensitive to the polarity of the control signal. 
The power gain, K, of a magnetic amplifier is, by 

definition, the change in load power divided by the 
change in control power required to produce it. 

VC 

Field  intensity, H 

Hdc 
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Balanced reactor designs. Three-legged, (A), and four-legged, 
(B), insure cancellation of fundamental frequency. Fig. 3 

Load power change  
K = - 

Signal power change 

K 
( a4)2R2kil  

= 
(al.)1(RI ± R.) 

(2) 

where 
R2 = load resistance 

Rf = external forcing resistor in series with control winding 

R. — control winding resistance 

lc, = form factor of load voltage. (varies from 1.1 at full 
output to about 1.5 at low output values) 

=- load current change 

= control current change 

The output response of a series-connected satu-
rable reactor to a change in control current is prac-
tically instantaneous. But because the control wind-
ing is an inductive element, there is a time lag 
between the application of a voltage to the control 
circuit and the flow of control current. The time 
constant, T, is proportional to the effective control 
winding inductance, L, divided by the total re-
sistance of the control circuit. 

L.  
T 

Rf ± R. 

Increasing the resistance in the control circuit 
proportionately reduces the time constant. This 
applies until the time constant approaches the pe-
riod of the supply voltage. 

Since an increase in the control circuit resistance 
reduces the time constant, it is possible to improve 
amplifier response within limits by increasing the 
value of the forcing resistor, Rf. Although this sacri-
fices some power gain, the ratio of power gain to 

(3) 

Toroidal reactor, (A) and three-legged reactor, (B). These are 
the basic building blocks of magnetic amplifiers. Fig. 4 

time constant remains constant. 
In a given reactor, power gain is proportional to 

ac supply frequency. The time constant is expressed, 
therefore, in cycles of supply voltage rather than in 
seconds. This leads to a widely used figure of merit 
for magnetic amplifiers; the ratio of power gain 
to time constant measured in cycles. For a simple 
series saturable reactor this ratio is about four. 
The wave form of the gate current or load volt-

age of a saturable reactor is nonsinusoidal except at 
the fully saturated condition, Figure 8. This distor-
tion is most pronounced with sharply saturating 
square loop core materials and is inherent in satu-
rable reactor operation. Prior to saturation the out-
put current is essentially the magnetization current 
of the cores and therefore is small. When the core 
flux reaches saturation, the core inductance drops 
nearly to zero, and almost full supply voltage appears 
across the load for the rest of the half cycle. 

FEEDBACK TECHNIQUES 

A positive current feedback increases the power-
gain-to-time-constant ratio of a simple saturable re-
actor. The load current is rectified and fed back 
to a winding that is concentric with the control 
winding. Therefore, the signal current required to 
produce a given load current is reduced. 

Figure 9 shows a magnetic amplifier with a feed-
back winding. The expression relating control 
ampere-turns to load ampere-turns now becomes: 

N.I. = N.J. + NJle (4) 

where NI equals the number of feedback turns. The 
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Saturable transformer. Output phase reverses depend-
ing on which control winding is energized. Fig 5 

ampere turns gain, in, becomes 

N910  
m (5) 

where 

m  (6) 
N, — I 

Thus, the use of NI feedback turns per core increases 
the power gain by a factor mi. On the other hand, 
the time constant is increased by a factor of only m. 
The figure of merit with feedback is increased also 
by a factor of in, and the ratio of power gain to time 
constant in cycles is approximately 4m. 
The above relationships, based on idealized core 

materials and perfect rectifiers, indicate that when 
NI equals N, the gain of the amplifier will be infi-
nitely high. This is not true since with practical 
core materials, when Nf equals N, the signal current 
must supply the magnetomotive force necessary to 
saturate the core. The effective feedback is reduced 
also by any leakage in the rectifiers. 

In practical magnetic amplifiers, Figure 10, typical 
usable values of m are between 100 and 1,000, 
resulting in figures of merit up to several thousand 
per cycle. The addition of feedback makes the 
amplifier polarity sensitive, since the gain is high 
when the feedback is aiding the control signal and 
low when bucking, Figure 11. 

Self-saturation gives as good performance as the 
100 per cent feedback arrangements. In self-satura-
tion circuits high gains and high figures of merit 
come from use of rectifiers in the gate winding. 
Reversed current flow is prevented and control can 
be obtained by supplying only sufficient control 

Idealized magnetization curve. Small change in field 
intensity makes large change in flux density. Fig. 6 

—4-- Negative 

A
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Dc control current Positive 

Transfer characteristics of reactor. Load current varies 

with magnitude of signal o'ut not with polarity. Fig. 7 

Supply voltage 

Low output 

Half output 

Full Output 

Load current of saturable reactor at various firing angles. 
Load is resistive. Fig. 8 

Feedback 
winding 

Amplifier with external feedback. Rectified load current 
adds to the control signal to increase gain. Fig. ? 
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Load 
current 

-1E- Negative Cont rol current Positive —).-

Output versus input characteristic for a 
magnetic amplifier with external feed-
back. Unit is polarity sensitive. Fig. 11 

Commercial version of a hermeti-
cally-sealed, push-pull adjustable 
magnetic servo amplifier. Fig. 10 

Self-saturating circuits. (A) shows a doubler circuit for ac out-
put, while (B) shows a full-wave circuit for dc output. Fig. 12 

Reset circuits. (A) shows a basic half-wave amp ifier of the flux resetting type. 
(B) is a half-wave magnetic amplifier with variable resistance control. Fig. 13 
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ampere-turns to saturate the core. Figure 12 shows 
two typical circuits. 

RESET CIRCUITS 

Magnetic amplifier circuits have been developed 
that have response times of one-half to one cycle 
of the carrier supply. These consist of half-wave, 
self-saturating elements so arranged that the output 
delivered to the load during the gating half cycle 
is determined by the level to which a voltage signal 
has preset the core flux during the preceding "reset" 
half cycle. Effectively decoupling the control and 
gating circuits combines both power gain with fast 
response. Either ac or dc control signals can be used. 

Circuits of this type, Figure 13, are useful in 
many applications. Fast response and possible cir-
cuit simplicity are advantages. But the maximum 

power gains are lower than in the feedback and 
self-saturating types previously described. 

Reset circuits can be constructed with one-half 
the number of core loops required for the more 
conventional circuits. For example, a phase-revers-
ing ac output can be got with a single pair of toroidal 
cores. However, voltages of fundamental frequency 
are induced in the control circuits of the half-wave 
amplifiers, and precautions must be taken to prevent 
the flow of excessive currents caused by these induced 
volrages. This can be done with blocking rectifier 
arrangements or high impedance control circuits. 
Power gains of 100 to 1,000 per stage can be 

obtained with the flux resetting type of amplifier. 
The gain is generally lower than that of the con-
ver. tional circuits, because the control circuit must 
supply enough energy to reset the core flux once 
per cycle of the supply. 

SERVO APPLICATION FACTORS 

The simple saturable reactor is suitable for many 
applications where a high ratio of power gain to 
time constant is not necessary. This type is smaller, 
simpler, and cheaper than high-performance reactors 
with feedback and should, therefore, be used where 
its characteristics fit the application. Many control 
systems, however, demand high-gain, fast-response 
amplifiers to combine accuracy with stability and 
suitable performance under dynamic conditions. 

Sensitivity 

Present day commercial magnetic amplifier cir-
cuits are suitable for operation from signal sources 
able to supply input power of the order of 10 -8 
watts. Laboratory models are sensitive to 10 -14 
watts, but these are not ready for production. Signal 
power of 10 -8 watts or more can be obtained from 
many of the commonly used transducer elements 
such as synchros, resistance potentiometers, tachome-
ters, generators, tuned circuits with normal-size com-
ponents, and phototubes. 
Where the minimum signal level is lower than 

10 -8 watts, vacuum tube or transistor preamplifiers 
can be used in combination with magnetic amplifier 
output stages. This permits the high amplification 
of low level signals in combinations that still exhibit 
the basic advantages of magnetic amplifier systems. 

Time Constant 

Feedback circuits with a reasonably high gain per 
stage are available with time constants not exceed-
ing a few cycles of carrier frequency. In most servo 
and regulator applications, time delays of this mag-
nitude have no significant effect on system per-
formancP. Usually time lags associated with portions 
of the system external to the amplifier, such as the 

inertia of a mechanical system or the electrical time 
lag of an inductive element, are the primary limita-
tions on system performance. 

Servo Stabilization 

In servo and regulating systems using magnetic 
amplifiers, the stabilization techniques commonly 
used in electronic systems are applicable. 
Compensating networks to introduce phase lead 

or lag are suitable in magnetic amplifier systems. 
Tke relatively low impedance levels usually encoun-
te7ed with inagnetic amplifiers may result in large 
capacitance values in R-C networks. Recent im-
pipvements in low-voltage high-microfarad capaci-
tors have made such networks practical. Also useful 
are networks using inductive elements specially 
designed to operate with magnetic amplifiers. 
Damping signals proportional to the rate of change 

of the output or to higher order derivatives are 
frequently used to improve servo system perform-
ance. Magnetic servo amplifiers are well suited to 
this technique because the stabilizing signal can be 
fed into separate control windings with no problems 
of isolation or mixing. 

Viscous or friction dampers also can improve servo 
system stability in magnetic amplifier systems. 

Isolation 

Since the control windings of a magnetic amplifier 
are separated from each other and from the load 
circuit windings, problems of electrical isolation and 
Founding are minimized. Multiple control signals 
can be used and the polarity of an input signal is 
easily reversed. 

Figures 14 and 15 show typical servo applications 
of magnetic amplifier circuits. 
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MEDIUM-POWER POSITIONING SERVO SYSTEM FIG. 14 

SYSTEM SPECIFICATIONS 

Magnetic Amplifier 
Characteristics 

Output Power   
Supply   
Size   
Weight   
Stabilization   

Servo System 
Characteristics 

Motor   

Synchro input   
Synchro follow-up   
Motor to synchro gear ratio 
Static accuracy   
Velocity constant   
Natural frequency   

Magnetic 

amplifier 

element. 

Model MA-1701 
650 w 
115 v, 60 cps, single phase. 
10x204-x8i- in. high 
90 lb 
Rate feedback from tach. 

Diehl Type ZP105-2212-1 
low inertia two-phase servo 
motor. Mechanical power 
output 200 w 
1G 
1CT 
200 
1 deg (1 y RMS) 
80 deg per sec per deg 
approximately 2 cps 

Magnetic amplifier controls a two-phase induction servo-
motor capable of delivering 200 watts to the load shaft. The 
synchro follow-up system produces an alternating current error 
signal with a magnitude proportional to the angular displace-
ment between the output and input shaft positions, and a 
phase angle of either 0 deg or 180 deg with respect to the 
supply, depending on the direction of the displacement. 

This signal is fed to a phase-sensitive demodulator that gives 
a dc output proportional to the magnitude of the ac input 
signal with a polarity depending on the phase of the input 

/15 vo'ts 
60 cps 

Follow-
up 

Input 
1/5 volts 
60cps 

Push-Pull 
Magnetic 
Amplifier 
Model MA-170I 

r — — 7-1 Geo2r0Toraiin 

L 

Load 
/ Diehl 

JP-105-22/2-1 Mtg. Co. 

Postern Air 
Devices 
type .1-36A 

Schematic of servo system. 

signal. The demodulator output drives a two-stage magnetic 
amplifier that supplies a phase-reversible voltage to the control 
windings of the motor. Thus the load shaft is driven to a 
position corresponding to input shaft position. 
The dc permanent-magnet tachometer coupled to the 

motor produces a signal proportional to the speed of the out-
put shaft. This speed signal is fed into a winding of the pre-
amplifier unit to damp the system for stable operation. 

Scrvo systems of this type have been used in antenna train-
ing systems, stable platform drives, and machine tool controls. 
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AMPEREX 
POWER TUBE CHART 

INFORMATION FOR USE 

1. Locate the application as a point on the 
chart by selecting the power, frequency 
and class of operation. Single tubes 
which meet these requirements are 
found above, and to the right of this 
point. When a derated condition (vio-
let square on chart) is given for a 
particular tube in addition to the maxi-
mum input point (red circle on chart) 
for the same tube, that tube is applic-
able if a line between these two points 
passes anywhere to the right and above 
the required application. Usually a 
number of tubes may thus be located 
to satisfy the required condition. In 
addition. combinations of two or more 
lower power tubes either in push-pull 
or parallel may be found which will 
meet the power and frequency require-
ments. 

2. The choice of the particular tubes 
which best meet the requirements will 
usually necessitate reference to the de-
tailed data sheets for the candidates 
taken from the chart inasmuch as other 
factors such as available power supply, 
type of cooling, physical size of tube, 
capacities, etc., may influence the de-
cision. These data sheets are available 
upon request. 

3. It should be understood that the typi-
cal operation point at frequency for 
maximum input does not necessarily 
demonstrate the maximum power out-
put capability for the tube at that fre-
quency. Therefore, a tube may still 
be applicable even though the point 
falls slightly below the required power. 
Such a tube should also be considered 
as a possibility and further inquiry 
made. 

4. A rough estimate of the power output 
capabilities of a tube under class B 
linear conditions and plate modulated, 
class C conditions may be made by 
multiplying the following factors by 
the class C telegraphy power output 
(red circle on chart): 

Class B, linear  approx. 35% 
Class C, plate modulated  approx. 50% 
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LEGEND 

Peak ins erse %tillage, Max. a%erage 
Formard Current-Rectifier or Con-
trolled Reititier Seri e. 

Welder Control Service R.M.S Vol-
tage 

Oil Immersed Operation 

Air Insulated Operation 

Peak Formard Anode Voltage, Peak 
Anode Current 

Pulse width 6 Microseconds. Max. 
For these tubes, the Forward Currents 
are Load Current Values in a Four-
Tube, Single-Phase Bridge Circuit. 
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This chart gives maximum continuous ratings and will serve as a guide for tube selections for a particular ap-
plication. The choice of the tube which best meets the requirements will usually necessitate reference to the de-
tailed data sheet. Other factors such as ambient temperature, peak currents, type of cooling, physical size of tube, 
frequency, associated circuitry, etc, may influence the decision. Increased ratings for intermittent service may be 
obtained from data sheets, available upon request. 

Below are given typical rectifier circuits and the associated calculation factors. 

RECTIFIER CIRCUIT 
SINGLE PHASE 

FULL-WAVE 

2 TUBES 

SINGLE PHASE 

FULL-WAVE 

4 TUBES 

THREE PHASE 

HALF-WAVE 

THREE PHASE 

DOUBLE—Y 

THREE PHASE 

FULL-WAVE 

Conditions assumed for 
following relations 

1. Sine-Wave Supply 

2. Balanced Phase 
Voltages 

3. Zero Tube Drop 

4. Pure Resistance Load 

5. No Filter Used 

NOTE: All rectifier fila-

ments supplied by single 

phase transformers, 

with secondaries insu-

lated for voltages great-

er than the Maximum 

Peak Inverse Voltage. 

FIG. I 

_ 

CAvg. 

+ 

FIG. 2 

+ 

EAvg 

FIG. 3 
— + ••• 

FIG. 4 

EAvg 

+ 
FIG. 5 

' + 

Avg. EAvg 

.> 
0 

pl iiajiPI SUPPLY 
o'' ERI.45 

ER ERMS m 

E Average 
.430 Eras 

.318 E ma, 
1.170 E rms 

-827 E max 

1.170 E rms 

.827 E max 
2.34 E rms 

1.65 E max 

.900 E rms 

.636 E ma, 

E Inverse 3.14 E avg 1.57 E avg 2.09 E avg 2.09 E avg 1.045 E avg 

I Average .636 I max .636 I max .827 I max 1.91 I ma, .955 / ma, 

Ripple Frequency 2 X Supply Freq. 2 X Supply Freq. 3 X Supply Freq. 6 X Supply Freq. 6 X Supply Freq. 

Ripple Voltage (Rms) 48.3ab 48.3 18.3y, 4.20/, 4.2re 

t Ratio Secondary Kva 
1.57 1.11 1.48 1.48 1.05 D.C. Output-Kw 

t Ratio Primary Kva 1.11 1.11 1.21 1.05 1.05 D.C. Output-Kw 
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t These ratios assume that a choke input filter is used to maintain the output current substantially constant. 



AMPEREX ELECTRONIC CORPORATION MAINTENANCE REFERENCE SHEET 

POWER OSCILLATOR TUBES 

TROUBLE CAUSE 

1. Filament Burn-Out 
(See photograph at left) 

2. Punctured or "Sucked In" 
Anodes 
(See photograph at left) 

3. Gassy Tubes 
Blue flashes in tube. Circuit 
breaker opens when high 
voltage is applied. 

a. Filament voltage too high 

b. Excess grid dissipation causes gas 
evolution which results in a power 
arc capable of burning out filament 

c. In tubes with multistrand filaments, 
when one strand is broken, others can 
burn out due to unequal current divi-
sion. Types: 889, 5666, 5604, 5619, 880, 
3X2500, 5771 

d. Normal end of life 

PREVENTIVE OR CURATIVE MEASURES 

la. Filament voltage should be checked regularly at tube terminals with an accurate voltmeter 
Tubes should be operated at constant voltage throughout life (not at constant current). Line 
voltage should not vary more than 5%. If it does vary more, a voltage regulator for the tube 
filaments will generally pay for itself by reducing tube replacements. 

lb. Tube currents and voltages should be checked against maximum ratings in tube data sheets. 
Equipment should be adjusted to suggested conditions given by manufacturer of equipment. 
(Check no-load adjustment of oscillator, grid-current maximum should not be exceeded). 
Excessively high grid current settings reduce power generally. 

lc. Set up such tubes in equipment and check filament current at correct voltage upon receipt, 
to check for filaments broken in shipment. 

id. Record number of hours on running time meter when tube is installed and when the tube 
is removed. Life is reckoned on the basis of filament hours. Record as well—date of installation, 
tube serial number, manufacturer, and where obtained, equipment number and type. 

a. Overloading or poor load matching 
shown by plate current too high, 
grid current too low 

b. Insufficient water flow. Low pressure, 
closed pipes, dirty filters 

c. Water failure 

d. Scale on anode due to hard water 

e. Failure of blowers—(air-cooled types) 

f. Air filters clogged—(air-cooled types) 

a. Tubes taken off shelf and high voltage 
immediately applied 

b. 
C. 
d. 

e. 
f. 

g. 

Mismatch of oscillator to load 
Excess grid dissipation 
Parasitics (oscillations at frequencies 
other than normal). Grid or plate 
currents too high with no load power 
Low filament voltage or low emission 
Lack of cooling water or air 

Mechanical damage 

2a. Maintain operating conditions as set up by equipment manufacturers. Never operate with grid 
current or plate current beyond maximum tube ratings. Operation at manufacturer's typical 
plate current but below corresponding grid current may result in low efficiency. This will pro-
duce excessive plate dissipation. 

2b. Check water filters regularly—check water flow and water pressure interlocks regularly. Use 
& large enough water pipes in installation to insure enough pressure when all equipment in 
c. plant is on. Rated water or air flow must be started before any voltage is applied and continued 

for 5 minutes after voltage is removed. 
2d. Water that shows a hardness of more than 10 grains per gallon, or a specific resistance of less 

than 4000 ohms per cubic inch, should not be used. 
A well-designed distilled water recirculating system will eliminate hard water problems and 
may save on total water flow requirements. Tube should be removed immediately, if any hiss-
ing indicating boiling is heard. 
Scale can be removed from anodes by carefully dipping the anode in 10% solution of hydro-
chloric acid. Protect glass-to-metal seals. Acid should then be washed away thoroughly. 

2e. An air-flow interlock should be included in the design of air-cooled equipment and should 
be checked regularly for correct operation. 

2f. Air filters should be changed or cleaned regularly. 

3a. Tubes held as spares should be installed in equipment where they are to be used and the follow-
ing schedule followed every 3 to 6 months. 

I. Light filament for 30 minutes at rated conditions. 
II. Operate tube at reduced anode voltage to '2A full) for 15 minutes. 

III. Operate tube at full voltage conditions for 15 minutes. 
This will keep the tube hard indefinitely. 
Use older tubes before new tubes—to tek e advantage of guarantee period. 
This schedule should be followed whenever a new tube is installed in equipment. 

3b. See 2a. 
See lb. 

3d. Use lossy lead in grid circuits, small capacitors directly from plate or grid terminal to filament 
terminals. 

3c. 

3e. Age in as in 3a or see 8 below. If necessary, return to factory for repair. 
3f. See 2e and 2f. May be possible to age in as in 3a. Note: Cooling should not be turned off aftei 

tube is shut down until all elements are cooled to black. 
3g. See 5e. 



TROUBLE 

4. Broken Filaments 

5. Broken Envelopds 

6. Melted or Warped Grids 

CAUSE 

a. Excess shock in handling during ship-
ment or later 

b. Starting current limit exceeded on 
tungsten filament types 

c. Excess mechanical vibrations 

a. Star crack—hit by sharp object 
b. Overheated — excess dissipation, or 

cooling failure 
c. Tube shocked excessively on installa-

tion or during storage in shipment 

a. Parasitic oscillations 
b. Oscillator with too much drive 
c. Filament voltage too low causes low 

tube emission increasing grid dissi-
pation for normal grid current 

PREVENTIVE OR CURATIVE MEASURES 

4a. Examine cartons carefully for external damage upon receipt. Handle tubes carefully in cartons. 
Tubes should always be shipped with external anode down. Store tubes in original cartons as 
packed. Check filaments for continuity with ohmmeter immediately on receipt from the 
carriers. If possible, check in actual equipment as in lc and 3a. Report all damaged tubes to 
carrier immediately. 

4b. Check operation of starting current limiting device (high reactance transformer or resistance 
and cut out relay). 

4e. Check shock mounting of tubes for vibration due to associated machinery. Isolate or damp 
out the vibrations that reach the tube. 

5a. Remove tube from equipment when doing any heavy work in equipment. 
5b. See 2a, b, c, e. 

5c. A vacuum power tube is a fragile device which has glass parts and some types may have 
several soft, copper seals to allow for expansbn and contraction. In a typical tube there are 
250 square inches of glass with 14psi outside pressure and inside pressure of 1/2 x 1/100,000,000 
of the outside pressure. While the manufacturer designs and makes the tube for utmost 
strength considering limitations of materials, care must be used in installing. See a. 

Ca. See 3d. 
6b. See lb. Always operate within tube ratings including no-load condition. 
6c. See la. 

7. Glass-to-Metal Seal Failure 

8. Low Emission—First shown 
in oscillator by drop in grid 
current and efficiency with time. 
Test by temporarily boosting 
filament voltage 10% when cir-
cuit is adjusted for normal op-
eration. If grid and plate cur-
rents increase 10% or more, 
tube has insufficient emission. 

a. Excess torque or tension during in-
stallation 

b. Lifting heavy external anode tubes by 
glass envelope 

c. Inadequate seal cooling. Seal tempera-
tures too high 

d. Parasitic oscillations due to unusual 
load or drive adjustments 

e. Poor filament and grid contacts 

a. Tungsten filaments—filament voltage 
too low 

b. Thoriated tungsten 
I. Filament voltage too high 

II. Filament voltage too low 
Ill. Excess grid dissipation causing 

back bombardment of cathodes 
(both released gas and electrons) 

IV. Any of causes for gassy tubes 

9. Punctured Glass Envelopes a. Inadequate cooling—Glass temperature 
too high 

b. High-frequency parasitics 
c. External deposits, dirt on glass 

7a. Use torque or small-handle wrench when tightening filament and grid connectors. Use no 
& more force than is necessary to make good contact. Always pick up external anode tube by 
b. anode or radiator. Insert tubes in water jackets carefully. During installation, examine water 

jacket for leaks and gasket for proper seal. 
7c. Use sufficient air as recommended by manufacturer. If in doubt, check seal temperature with 

Tempilac or Tempilstic. Use heat radiating connectors. 
7d. See 3d. 

7e. Make good contact•with adequate connectors. Keep contacts clean and in good condition. 

8a. I & U. Measure power-line variation and adjust filament transformer tap so that rated filament 
& voltage ranges are not exceeded. Thoriated tungsten filaments—nominal -±5%. By adding 5% 
b. to the nominal filament voltage for pure tungsten filaments, the life is approximately halved 

and the emission is doubled. Reducing the voltage 5% results in doubling the filament life and 
halving the emission. 
III. See la. 

IV. See 3. 

9a. Sufficient clean air flow should be available to keep glass and seal temperature within ratings. 
check glass or metal envelope with temperature sensitive lacquer Tempilaq. Ambient air tem-
perature may be too high or proper free air circulation may be obstructed. 

9b. See 3d. 
9e. All external glass 'should be kept clean and free of dust, dirt and chemical deposits. Use 

a clean rag with industrial alcohol to periodically wipe the envelope clean. Make sure equip-
ment is off and glass envelope is cool to the touch. Air filters should be maintained. 



AMPEREX ELECTRONIC CORPORATION 

10. Shorts 

11. Flash Arcs 

MAINTENANCE REFERENCE SHEET 

a. Grid filament shorts-caused by excess 
grid dissipation which can warp grids 

b. Rough handling in shipping 
c. Excess or resonant vibration 

a. Installing tubes without operating at 
reduced power input 

b. Failure of other elements or insuf-
ficient transient suppression-causing 
high transient voltages 

12. Low Power Output a. 
b. 
c. 

d. 

e. 

Low emission 
Load not adjusted properly 
Parasitic oscillation using some of 
input power 
Grid drive adjusted too low under 
loaded conditions 
Power supply problem 

10a. See lb. 

10b. See 4a. 
10c. See 4c. 

lia. See 3a. 

11b. Repair equipment and check out before replacing tubes. 

12a. See 8. 
12b. See 2a. 
12e. See 3d. 

12d. Increase drive adjustment. 

12e. Check rectifier tubes-line fuses-transformers. 

POWER RECTIFIER TUBES - MERCURY VAPOR TYPES 
13. Arc Back 

14. Open Filaments 
(See photograph) 

15. Punctured Envelope 

a. Improper operating temperature 

b. Insufficient preheat time after installa-
tion to distill mercury off of anode 
and top of bulb 

c. Filament voltage too high or too low 
d. Radio-frequency pick up 
e. Excess peak current due to overloads 

in circuit 

a. Arc back 
b. Filament voltage too high 
c. Filament starting current too high on 

larger types 
d. Too frequent turning off and on of 

filament voltage 

a. Dirt or dust on envelope 
b. Insufficient preheat time. Too low a 

condensed mercury - temperature can 
puncture the bulb 
Mercury droplets on bulb near anode 
can cause breakdown of the glass 

13a. Maintain condensed mercury or ambient temperatures according to tube manufacturing recom-
mendations in tube data sheets. Cooling, if used, should be directed at base of rectifiers. Ven-
tilation of cabinet should be adequate. Plate voltage should be delayed for the specified filament 
preheat time. Check time delay circuits against stopwatch occasionally. 

13b. Store and handle mercury vapor tubes with anodes up to minimize mercury deposition on an-
odes. Operate filaments only for 30 minutes or until there are no mercury droplets above the 
bottom of the tube. Tube should then be operated at 1/2  full anode voltage for 15 minutes. Next, 
voltage should be brought up to full slowly. If arcing occurs, reduce voltage slightly until tube 
operates clear. Continue "aging up" the tube to full voltage. 

13c. See la. 
13d. Shield tubes from r-f fields. 
13e. Use quick-acting circuit breakers. Allow rectifiers to run with plate voltage off for 5 to 10 

minutes after a severe overload. 

14a. See 13. 
14b. Filament voltage should be maintained -±5%. See la. 
14e. See 4b. 

14d. See 15b. 

15a. See 9c. 
15b. Wait time recommended in data sheets before applying plate voltage. Maintain automatic time 

delays. Allow tube to run with filament on only for at least 30 minutes after first installing new 
tube to distill mercury into base of tube. 
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Minneapolis-Honeywell Regulator Company • Industrial Division 
WAYNE AND WINDRIM AVES., PHILADELPHIA 44, PA. • TORONTO 17, ONT., CANADA 

"INPUT" FROM 
MEASURING 
CIRCUIT 

17„-••X 

EteezaniK 
"Continuous Balance" Unit 

REFERENCE WAVE 

"IN PHASE" WAVE TO 
GRID OF FIRST TUBE 

G-GRID P-PLATE K-CATHODE H- HEATER 

TO GRIDS OF 
POWER TUBES 

A C. SUPPLY VOLTAGE 

(-) (+) 
POWER -‘0001/00Q_LL00)-• 

TRANSFORMER   

(+) (-) (+) (-) 
*1 *2 

INPUT 

TWIN SECTIONS 
OF POWER 

AMPLIFIER TUBE 

•  

SIMPLIFIED DIAGRAM OF POWER AMPLIFIER 

C2 

BALANCING 
MOTOR 

AMPLIFIER 
PHASE 
WINDING 

CAPACITOR 
PHASE 
WINDING 

HOW IT OPERATES 

The balancing system of ElectroniK instruments 
continuously compares the unknown emf generated 
by a thermocouple, or other measuring element, to 
an emf of known value. Whenever an imbalance 
occurs, the system acts to counterbalance it, as well 
as record and/or indicate the change. Thus, a mi-
nute temperature or other change in the state of a 
process variable can be immediately sensed, and 
charted or indicated. 
The major components of the "Continuous Bal-

ance" System are the "Continuous Balance" unit, 
balancing motor and slidewire assembly. Their re-
spective functions are as follows: 

"Continuous Balance" Unit 

The "Continuous Balance" unit incorporates a con-
verter, input transformer, and voltage and power 
amplifiers. The minute d-c voltage from a thermo-
couple or other sensing device is introduced into 
the circuit across the converter and center tap of 
the input transformer. As the vibrating reed of the 
converter moves from one contact to another, cur-
rent flows first in one direction through half of the 
primary of the input transformer and then in the 
opposite direction through the other half of the 
primary. The current emerging from the secondary 
of the input transformer is then amplified. It is 

now alternating current so timed with the a-c line 
supply voltage that an increase or decrease of the 
thermocouple d-c voltage operates the balancing 
motor in the proper direction to balance the circuit. 
The circuit design gives permanent stability—no 
variable condensers are employed. 

Balancing Motor 

The output from the amplifier energizes one phase 
of the balancing motor. This is a reversible, two-
phase induction motor in which one phase is ener-
gized from the power amplifier and the other phase 
is continuously energized by line voltage. The di-
rection of rotation of the motor thus depends upon 
the phase relationship or "timing" of the two motor 
supply voltages. 

Slidewire Assembly 

All ElectroniK potentiometers employ a precision 
wound slidewire linear to one convolution. The 
motor drives the contactor on the slidewire in the 
correct direction to the new point of balance, by 
means of a stainless steel cable. As the recording 
device and/or indicator are also connected to the 
balancing motor, the motor simultaneously drives 
them to the new position. 
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3 PHASE 

A.G. LOAD 

A.C.GENERATORS 

A.C. ARM.wDG. 
D.C. FIELD WOO. 

INDUCTOR TYPE 
ALTERNATOR. 

SOURCE Or 
ECITATION 

440E.D.C. 

SALIENT POLE 

REVOLVING FIELD 
TYPE A.C. GENERATOR. 

- DAMPER WINDING. 

PARALLELING A.C.GENERATORS 
220 E 60 3 PH BUS BARS. 

NON SALIENT POLE 

TYPE OF 0.C. FIELD 

OIL Sod. 
SYN. PLUG. 

o  

OIL SW. 

0—  o o  
SYNCHROSCOPE 

USED FOR sYNCHRONIZJNG ALTERNATORS. 

5 

LAMP BANK 
USED FOR 
pHAsING 
OUT AND 
SYNcHRON-
IZING IN 
COmING 
GEN. 

MOTOR METHOD 
USED FOR PHASiNG OUT 
A.C. GENERATORS. 

OLD GEN. OR NEW GEN. OR 
OPERATING GEN. IN COMING GEN. 

COYNE. 
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PHASING OUT SYNCHRONIZING A.ND PARALLELING OF A.C. GENERATORS 

I o.c. 

PRIME NORM 

SPEED 
CONTROL 

oonoo\ 

3 PNASt SUS SAR 

PNAssomf. MOTOR 

OR1P91E, 

MOVER 

D.C. MoTon, 

GENERATOR 
O.C. FIELD 

A. C. 

OEVERATOR 

E.CNERRTOR 
D.C. FIELD 

1—"-"-A-1000000 

GENERATOR 
rEt.o Rstosnes 

le.c. I Job 8 

PRIME MOVER 
SPEED 
coerrapoi. 

101)000 \—• 

PRIME 

MOVER 

D.C. MOTOR 

TO OPERATE SATISFACTORILY WHEN SWITCHED IN PARALLEL, A.C. GENERATORS MUST FULFILL 
THE FOLLOWING REQUIREMENTS: 
1. The machines must be designed for the same voltage and frequency. They need 

not have the same speed or the same power rating. 
2. The generators must have similar operating characteristics as far as voltage 

regulation is concerned in order to assure proper division of load. 
3. The machines must be correctly connected together, or "phased out." 

The paralleling switch must be closed at the instant when the generator frequencies 
are very nearly equal, and when the voltages are exactly equal and in direct oppo-
sition to each other. These conditions exist when the voltmeters read alike and 
the synchronizing lamps are out. Under such circumstances, the generators are said 
to be in synchronism - this is the instant at which the paralleling switch must be 
closed. 

"Phasing out" may be effected by strings of lamps, or a three-phase motor, con-
nected as indicated. If the generators are properly connected, all lights will go 
out together, and the phasing motor will run in the same direction on either ma-
chine. Should the action of the lamps or the operation of the motor indicate an im-
proper connection, interchange any two leads of the new machine. It is important to 
note that the strings of lights or the phasing motor - whichever is used - must be 
symmetrically connected with respect to the generators if trustworthy indications 
are to be obtained. The above sketch shows how these devices should be connected. 

After the new machine iu in parallel, it must be caused to assume its proper share 
of the load. This can be accomplished by increasing the power input to the prime  
mover. Varying the field excitation on an A.C. generator will not cause it to 
pick up or drop load as it does with a D.C. machine. Instead, it merely results in 
changing the power factor of the machine. Although the new machine has to be 
"phased out" but once, the synchronizing operation must be repeated each time a 
generator is paralleled with others. 
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D. C. GENERATORS. 
GENERATOR ACTION 
Ax electrical generator is a device designed to change 
mechanical energy into electrical energy. Note that it 
does not renerate energy, it merely converts it from the 
mechanical to the electrical form. 

As no conversion device is 100% efficient, the power 
input to the generator must be greater than the rated 
generator output. For generators of 5 K iY rating or 
above, a prime mover capable of supplying 1.5 H P for 
each KW of generator output is usually employed. 

S-.-TAFATELY EXCITED GEN RATORS 
The D. C. Generator produces voltage by rotating con 
ductors through a magnetic field. In Figure B this 
field is produced by field coils that are enersized 
from a separate source external to the machine. This 
type of generator may be driven in either direction, 

for the field excitation is independent. The polarity 
of the brushes will reverse when the rotation is chan 
ged, the positive brush becoming negative and vice 
versa. 

SELF EXCITED GENERATOR SHUNT TYPE 
In this machine, the energy for the field is obtained 
from the armature and the generator is self exciting. 
The field poles retain some magnetism after having 
once been magnetized, and as the armature is rotated, 
the conductors cut this residual flux and generate 
voltage. This voltage is applied to the field, which 
is in parallel with the armature, and in this manner 
the field is strengthened. This increased field raises 

the voltage still further and this action con-Anues 
until normal voltage is reached. The magnetic polarity 
set up by the field coila must be the same as the res 
idual magnetism, otherwise the voltage will not build up. 

FAILURE TO GENERATE 
The self excited type generator may fail to develop 
normal voltage due to: no residual field magnetism; 
magnetic effect of field coils opposing residual 
magnetism; poor brush contact; speed too low; wrong 
direction of rotation. 
When the direction of rotation is changed, the brush 
polarity reverses and this reverses the current flow 
through the field coils, causing the coil magnetism 
to weaken the residual field. Under such conditions, 
the generator cannot build up a voltage. For operation 
in the opposite direction, the field leads must be 

reversed. 

D 
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SERIES WELDING GENERATOR 
CROSS FIELD DESIGN 

1 = MAGNETIC SHUNTS 

2. MAIN POLES 

3 INTERPOLES 

4. SHORT CIRCUITED BRUSHES. 
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PER CENT RATED AMPERES 
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LERCIS 

THIS WELDER ELIMINATES THE USE 
OF A REACTOR, EXCITER, VOLTMETER, 

AMMETER, METER SWITCHES, FIELD 

RHEOSTATS, AND FIELD DISCHARGE 

RF_SISTANCE. . HOWEVER IT OPERATES 

VERY SATISFACTORILY HAVING FEWER 

PARTS THAN OTHER TYPES OF WELDING 
GENERATORS. THE. MAINTENANCE COST 

IS CONSIDERMSELY LOWER. 

THE VOLT-AMPERE CURVE -A- IS A 
COMPOSITE , AND THE CURVE AT -B- 15 
THAT OF ONE. OF THE CROSS FIELD 
vvELDiNG GENERA-TORS. 
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SERIES 
SHUNT 
RHEOSTAT 

SHUNT 
COIL 

PS P6 

RI 

SERIES 
COIL 

PI EQUALIZER 

COMMUTATING 
COIL. 

SERIES 
COIL 

COMM. 
COIL 

I P3 P4 
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Connections for Compound Generators in Parallel—Generators 
Close Together 

SERIES 
SHUNT 

RHEOSTAT 

SHUNT 
FIELDS 

SERIES 
FIELDS 

COMM. 
FIELDS 

COMMON 
LOAD 

SERIES 
SHUNT 

RHEOSTAT 

SHUNT 
FIELDS 

SERIES 
FIELDS 

INDEPENDENT 
COMM. LOAD 
FIELDS 

CONNECTIONS FOR COMPOUND GENERATORS IN PARALLEL 
GENERATORS AT A DISTANCE 

COMPOUND W OUND AND SHUNT W OUND GENERATORS IN 
PARALLEL W ITH INDIVIDUAL VOLTAGE REGULATORS 
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AMPLIOYNE GENERATORS. 
If a D.C. generator designed as shown and operated with 
a very weak field be driven at constant speed, the main 
brushes may be short circuited as indicated. This 
action results in relatively heavy currents in the arma-
ture that in turn produce an intense armature cross 
field with the polarities shown and, if the poles are 
especially designed to provide a magnetic circuit of 
low reluctance to this cross field, a strong magnetic 
field will be developed in the air gap. The armature, 
rotating in this field, produces a relatively high 
voltage at right angles to the normal brush axis and 
if extra brushes are placed as shown, power almost 
equivalent to the normal rating of the machine may 
be obtained. 

As the operating point for the field magnetism is 
set on the steep part of the magnetization curve, 
a small variation in the magnetizing force produced 
by the field coils will produce a relatively great 
change in the short circuit current produced by the 
armature, and this in turn will greatly increase the 
generated output voltage. Therefore, if special con-
trol coils be placed on the poles, and if these coils 
be fed from a low voltage or low power source, the 
variations which these coils produce may be caused 

to reappear in the output circuit in a greatly ampli-
fied form. This is the principle of operation of the 
Amplidyne Generator. 

The AmplidTne Generator may be regarded as a two 
stage electrical power amplifier, and its use is con-
cerned with control situations in which small con-
trolling impulses are employed to handle equipment 
that demands a large amount of power to operate it. 
The small control power is fed to the field coils 
where it effects a relatively high variation in 
field magnetism; this variation is amplified in the 
cross field and again in the output circuit. Am-
plifications of 20,000 to 1 are common and 100,000 
to 1 are possible. Thus a variation of one watt 
in the input control circuit may produce a change 
in generator output of 20 kilowatts, a range im-
practical for any electronic amplifier. The range 
may be extended by the use offl preamplifier using 
ordinary radio tubes. 

Instead of the split-pole construction shown above, 
the arrangement indicated in fig. C shows the con-
structional features of a modern amplidyne unit. 
Although four poles are shown, adjacent groups are 
wound with the same polarity, and the machine is 
therefore a two pole unit. 

Figure D shows the construction of an Amplidyne 
unit using interpoles. Although several field wind-

ings are employed in an actual machine, only the sig-
nal winding is shown. The brushes M are the output 
brushes from which the amplified energy is obtained. SIGNAL 

SIGNAL FIELD. 

CROSS FIELD. 

SPLIT POLE DESIGN 
SHOWING CROSS FIELD. 

FIELD WINDING. 
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1-- BRANCH CIRCJI1 PANEL -•-• 

CIRCVIT aReAKtr. 
L. SER1E3 OVERLOAD TRIP COIL 

IS. Amr-irrtFt 3I-WNT 
4. PILOT LIGHT SW. 

S• 2. POLE SW. 

— MAIN OR GENERATOR PANEL— 

I. ARMATURE 
2. COM . F. 
• S E RIES F. 
4.SHUNT F. 
. VvAT T HOUR 1.1ETCPt 
.• FILO RHEOSTAT 

7. AMME TER SHUNT 
8. El RCUiT ISREAKER 
9. PILOT LIGHT SW. 
10.0 V ER LOAD RELAY(3NVNIT TYPt 
11. SHUNT TRIP COIL 
12.1Itr V eRSE CvARIENT PlELAY 
13.VOLTMETER SW. 
14.MAIN 3W. 3 POLE 
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CO ILS PER SLOT 

DIRECT CURRENT 
GENERATOR 

CO NNECTION AND WINDING DATA 
tn 
tr• 

CONNECTION DI AGRAM cra 
MACHI NE VIE WED FROM COMM UT ATOR END 

ROT ATION COUNTER CLOCKWISE 
COMPOUND NON INTERPOLE GENERATOR 

FLD FI 
ARM 4,A2 
LINE-Al 

THESE SYMB OLS ARE 
ST AMPED ON TERMINALS 

THE PEERLESS ELECTRIC CO., 
WARREN OHIO. 

2 LAYE RS .007 x 3/4" Y.V. CAMBRIC  

1"W IDE x.007 COTTON TA PE 

2 LAYE RS HA LF LAP .007 x 
YELLOW VARNISHED CAMBRIC 

1" 

1 LAYE R HA LF LAP .007 x 3/4" ELECTRIC TAPE 

MAIN POLE COIL  

TRE ATMENT OF 
COIL 

MA IN FIELD 

COMPLETED 

COM. FIELD 

elP IN BB 52V13 
VARNISH & BAKE 
6 HOURS . 

AGAIN DI P 1N CB 
52V13 VAR NISH & 
BAKE 4 HOUR S. 
AFTE R ASSE MB LY 
IN SHELL BRUSH 
ITH AIR DRY ING 
VARN ISH. 

NONE 

B-5236 

WEDGE 

CE ER 
WEDGE 

SECTION OF ARMATURE SLOT  

TRE ATMENT OF COMP LE TED 
ARMATURÉ  

1. DIP IN BB 52V13 VAR NISH 
2.BAKE 4 HOURS AT 260 F. 
3. REPEAT 3 TIMES. 

INSULATION MA TE RIALS 
MATERI ALS NAVY SPEC . 

SLOT CELL .002 CO PA RE X 
CE NTE R WEDGE .020 COPAREX 
TOP WEDGE .020 COPARFX 

17-1-10 
17-I-10 
17-1-10 
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DIRECT CURRENT 
GENERATOR 

CONNECTION AND WINDING DATA 

CONNECTION DIAGRAM cc) 
MACHINE VIEWED FROM COMMUTATOR END 

ROTATION COUNTER CLOCKWISE 
COMPOUND INTERPOLE 

FLD Fl 

ARM* A2 

THESE SYMBOLS ARE 
STAMPED ON TERMINALS 

THE PEERLESS ELECTRIC CO., 
WARREN OHIO. 

MAIN POLE COIL  
COMMUTATING POLE COIL INSULATION 

SAME AS MAIN POLE COIL 

2 LAYERS HALF LAP 

1"WIDE x.007 COTTON TAPE 

2 LAYERS HALF LAP .007 x 1" 
YELLOW VARNISHED CAMBRIC 

2 LAYERS .007 x 3/4" Y.V.CAMBRIC 

1 LAYER HALF LAP .007 x 3/4" ELECTRIC TAPE 

TREATMENT OF C 
COIL 

OMPLETED 

MAIN FIELD COM.FIELD 

DIP IN BB 52VI3 
VARNISH & BAKE 
6 HOURS. 

AGAIN DIP IN CB 
52VI3 VARNISH & 
BAKE 4 HOURS. 
AFTER ASSEMBLY 
IN SHELL BRUSH 

WITH AIR DRYING 
VARNISH. 

SAME 
AS MAIN 
FIELD 

B-5237 

COILS PER SLOT SECTION OF ARMATURE SLOT  

TREATMENT OF COMPLETED 
ARMATUHE  

I.DIP IN BB 52V13 VARNISH 
2.BAKE 4 HOURS AT 260 F. 
3.REPEAT 3 TIMES. 

INSULATION MATERIALS 
MATERIALS 

SLOT CELL .002 COPAREX 
CENTER WEDGE .020 COPAREX 
TOP WEDGE .020 COPAREX 1 COIL LAYER INSULA— TION 

.007 COTTON TAPE 
1/2 LAP. 
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DIRECT CURRENT 
GENERATOR 

CONNECTION AND WINDING DATA 

CONNECTION DIAGRAM 
MACHINE VIEWED FROM COMMUTATOR END 

ROTATION CLOCKWISE 
COMPOUND NON INTERPOLE 

FLD Fl 
LINE—Al 
ARM +A2 

THESE SYMBOLS ARE 
STAMPED ON TERMINALS 

THE PEERLESS ELECTRIC CO., 
WARREN OHIO. 

1 LAYER HALF LAP .007 x 3/4" ELECTRIC TAPE 

2 LAYERS HALF LAP 

1 'WIDE x.007 COTTON TAPE 

2 LAYERS HALF LAP 007 x I 
ISHED CAMBRIC 

es 

2 LAYERS .007 x 3/4" Y.V.CAMBRIC  

MAIN PCLE COIL  

TREATMENT OF C 
COIL 

OMPLETED 

VAIN FIELD COM.FIELD 

DIP IN BB 52VI3 
VARNISH & BAKE 
6 HOURS. 

AGAIN DIP IN CB 
52VI3 VARNISH & 
BAKE 4 HOURS. 
AFTER ASSEMBLY 
IN SHELL BRUSH 

WITH AIR DRYING 
VARNISH. 

NONE 

B-5446 

COILS PER SLOT SECTION OF ARMATURE SLOT  

TREATMENT OF COMPLETED 
ARMATURE  

I.DIP IN BB 52VI3 VARNISH 
2.BAKE 4 HOURS AT 260 F. 
3.REPEAT 3 TIMES. 

INSULATION MATERIALS 
MATERIALS 

SLOT CELL .002 COPAREX 
CENTER WEDGE .020 COPAREX 
TOP WEDGE .020 COPAREX 

COIL LAYER INSULA-
TION 
.007 COTTON TAPE 
1/2 LAP. 
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DIRECT CURRENT 
GENERATOR 

CONNECTION AND WINDING DATA 

CONNECTION DIAGRAM 
MACHINE VIEWED FROM COMMUTATOR END 

ROTATION CLOCKWISE 
COMPOUND INTERPOLE 

FLD Fl 
LINE-Al 
ARM +A2 

THESE SYMBOLS ARE 
STAMPED ON TERMINALS 

THE PEERLESS ELECTRIC CO., 
WARREN OHIO. 

1 LAYER HALF LAP .007 x 3/4" ELECTRIC TAPE 

2 LAYERS HALF LAP 
1"WIDE x.007 COTTON TAPE 

2 LAYERS HALF LAP .007 x 1" 
YELLOW VARNISHED CAMBRIC 

2 LAYERS .007 x 3/4" Y.V.CAMBRIC 

MAIN POLE COIL  

TREATMENT OF C 
COIL 

OMPLETED 

WAIN FIELD COM.FIELD 

DIP IN BB 52V13 
VARNISH & BAKE 
6 HOURS. 

AGAIN DIP IN CB 
52V13 VARNISH4 
BAKE 4 HOURS. 
AFTER ASSEMBLY 
IN SHELL BRUSH 

WITH AIR ORYIKG 
VARNISH. 

SAME 
AS MAIN 
FIELD 

B-5447 

INSULATION MATERIALS 

SECTION OF ARMATIJRE SLOT  

TREATMENT OF COMPLETED 
ARMATURE  

1.DIP IN BB 52V13 VARNISH 
2.BAKE 4 HOURS AT 260 F. 
3.REPEAT 3 TIMES. 

MATERIALS COIL LAYER INSULA-

SLOT CELL .002 COPAREX TION 
CENTER WEDGE .020 COPAREX • 007 COTTON TAPE 

TOP WEDGE .020 COPAREX 1/2 LAP • 
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e-1 

PES7^rt_CL 

DIRECT CURRENT 
EXCITER 

CONNECTION AND WINDING DATA 

CONNECTION DIAGRAM 
MACHINE VIEWED FROM COMMUTATOR END 

ROTATION CLOCKWISE 
FOR 

THE RELIANCE ELECTRIC & 
ENGINEERING COMPANY. 

THESE SYMBOLS ARE 
STAMPED ON TERMINALS 

2 LAYERS HALF LAP 
IOE x.007 COTTEN TAPE 

2 LAYERS HALF LAP .007 x 1"  

YELLOW VARNISHED CAMBRIC  

2 LAYERS ,007 x 3/4" Y.V.CAMBRIC  

1 LAYER HALF LAP .007 x 3/4" ELECTRIC TAPE 

MAIN pni F Call!  

THE PEERLESS ELECTRIC CO., 
WARREN OHIO. 

TREATMENT OF C 
COIL 

MPLETED 

MAIN FIELD 

DIP IN BB 52V13 
VARNISH & BAKE 

6 HOURS. 
AGAIN DIP IN CB 
52Y13 VARNISH & 
BAKE 4 HOURS. 
AFTER ASSEMBLY 
IN SHELL BRUSH 

WITH AIR DRYING 
VARNISH. 

2 COILS PER SLOT 

H 

TOP WEDGE 

COI 2 

SLOT CELL 

COIL#1 

SECTION OF ARMATURE SLOT  

TREATMENT OF COMPLETED 

ARMATURE 

1,DIP IN BB 52V13 VARNISH 
2.BAKE 4 HOURS AT 260 F. 
3,REPEAT 3 TIMES. 

INSULATION MATERIAL 
MATERIALS 

SLOT CELL .002 COPAREX 
TOP WEDGE MAPLE 

NAVY. SPEC. 

17-1-10 
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2 com PER SLOT  

R Là_uLTELbt 

DIREÇT CeIBENT 
EXCITER 

CONNECTION AND WINDING DATA 

CONNECTION DIAGRAM 
MACHINE VIEWED FROM COMMUTATOR END 

ROTATION CLOCKWISE 
FOR 

THE RELIANCE ELECTRIC & 
ENGINEERING ComP4m/ 

THESE SYMBOLS ARE 
STAMPED ON TERMINALS 

THE PEERLESS ELECTRIC CO., 
WARREN OHIO. 

2 LAYERS HALF LAP 
lll wIDE x.007 COTTEN TAPE 

2 LAYERS HALF LAP .007 x 1"  
YELLOW VARNISHED CAMBRIC  

2 LAYERS .007 x 114" ‘I-Y.CAMBRIC  

1 LAYER HALF LAP .007 x 3/4" ELECTRIC TAPE  

MAIN PnIF nolL  

COMMUTATING POLE COIL INSULATION 
SAME AS MAIN POLE COIL 

TREATMENT OF C 
COIL 

MAIN FIELD 

MPLETED 

cce.FIELD 
DIP IN BB 52V13 
VARNISH & BAKE 

6 HOURS. 
AGAIN DIP IN CB 
52V13 VARNISH & 
BAKE 4 HOURS. 
AFTER ASSEMBLY 
IN SHELL BRUSH 

WITH AIR DRYING 
VARNISH. 

SAME 
AS MAIN 
FIELD 

B-5402 

.dllm••«111. 

TOP WEDGE  

COIL,e2  

SLOT CELL 

C0114#1 

 1 
SECTION OF ARMATURE SLOT  

TREATMENT OF COMPLETED 

ARMATURE 

1.DIP IN BB 52V13 VARNISH 
2.BAKE 4 HOURS AT 260 F. 
3.REPEAT 3 TIMES. 

O INSULATION MATERIAL 
MATUIIALS 

SLOT CELL 
TOP WEDGE 

1 

.002 COPAREX 
MAPLE 

NAVY. SPEC. 

17-1-10 



GENERATORS - D-C 559 

AMERICAN STANDARD 

3.1 D-e GENERATORS 

3.105 Connections and Terminal Markings—D-e Generators, Two-Wire 
Standard direction of shaft rotation is clockwise facing end opposite the drive. 

FT, 

SERIES FIELD 

a, nl 

P16 / SERIES GENERATOR WITHOUT 

COMMUTATING POLES 

FIELD FIELD FIELD 
COMP COMM SERIES 

FIG 4 COMPOUND GENERATOR WITH 

COMMUTATING AND COMPENSO TING 

FIELDS 

Ft SHUNT F1 
FIELD 

g, 
COMM 
FIELD 

42 
FIG 7 COMPOUND GENERA TOR WITH 

COMMUTATING POLE.:: 

S, 

SERIES 
FIELD 

SHUNT FIELD 

4z 4 
F 6 2 SHUNT GENERATOR WITH 

COMMUTATING POLES 

SHUNT FIELD 

F 6 3 COMPOUND GENERgrOP1v/TIIOUT 
Comm/MT/NG POLES 

COMP COMM 
FIELD FIELD 

S, + — Az RI 

Az R, FIG 6 SHUNT GENERATOR WITH 

FIG 5 SHUNTUNEINTIOR WITHOUT CONNUTATIN6 AND COMPENSATING 

COMMUTArmo POLES FIELDS 

S, 

NOTE I—See 1.510 for terminal letters assigned to different types of windings. 
and 1.130 for the significance of the subscript numerals. 

NOTE 11--For differential connection of the series fields no change should 
be made on the .field lead, or terminal marking. on the machine, but the 
connection of the series field to the armature should he shown reversed. 

NOTE III—Commutating and series field windings are shown on tbe Ai side 
of the armature. but 'this location, while preferred, is not standardized. If sound 
engineering, sound economics or convenience so dictates, these windings may 
he connected un either side of the armature or may be divided part on one 
sidle and part on the other. 

3.110 Connections and Terminal Markings—D-c Generators, Three-Wire 
Standard phase and rotor rotation is clockwise facing the end opposite the drive. 

 MANVVV*  
SHUNT Fr 

Id3 M1 142 N4 17, a, 

FIG SHUNT 61WERATOR WITHOUT CONMUMTING POLES 

54 

NIUE OF 
SERIES FIELD 

53 

SHUNT FIELD 

eriz P13 M, N2 fr Pf. 

HAI F OF 
ER/ESE/1'EO 

r eV N. Al\AI 
I .5/N141E1E1D 

Of COMM FIELD 

t43 N, ktz .54 

He! Of 
corer FitlD 

FIG 2 SHUNT GENERÊTOR WITH COMMIT/TUNG POLES 

SHUNT FIELD 

MU, OF g2 4  NITIF Of 
COMM= COMM I 
FIELD 1 r=1 FIELD 

ti MI F4 t ef1 

FIG3 C014POuND GENERATOR WITHOUT COMMUTATING POLES FIG 4 COMPOUND GENEP/TTOR WITH commuter/86 POLES 

NOTE I-'-'See 1.510 for terminal tell,' assigned to different types of windings. andl 1.130 for the significance of the subscript numerals. 

NOTE II-1f three slip rings are used they shall be marked Mt, Mn, and M. If two slip rings are used they shall be marked Ms and 1111. 
If one slip ring is used it shall be marked M. 

NOTE 111 —Fl.r differential coon... win of the series helds no change •hould be made din the field leads or terminal markings on the 
machine. but the conned tins of the series held to the armature should be shown reversed. 
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FIG.2 SHUNT GENERATOR 

a sz 
FIG. 4 SHUNT GENERATOR WITH 

STARTING SERIES FIELD 

AMERICAN STANDARD 

3.115 Connections and Terminal Markings—D-c Generators for Farm Lighting Plants 

FIG. / SHUNT GENERATOR 

ST/IR TING RUNNING STARTING 
SERIES SERIES SERIES 
FIELD FIELD FIELD 

4 5: Ft 

FIG 5 COMPOUND GENERATOR WITH 

STARTING SERIES FIELD 

STARTING 
SERIFS 
FIELD 

St Et 

1/63 SHUNT GENERATOR WITH 

STARTING SERIES FIELD 

RUNNING STARTING 
SERIES SERIES 
nap FIELD 

e s3 Se 

1/66 COMPOUND GENERATOR WITH 

STARTING SERIES FIELD 

NOTE I -Ths Sovisty of Automotive Engineers cooperated with the National Elcctric•I Manufacturers Association in the preparation of 
these cosine, lions and terminal markings and in securing their appro‘al by the industry. 

NOTE 11—Standard direction of shaft rotation is counter-clockwise facing the end opposite the drive. 

NOTE III—See 1.510 for terminal I  assigned to different types of winding.. and 1.130 for significance of the subscript numeral*. 
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Fig. 1—Sanding a commutator. The 
best method is to hold the sandpaper 

with a strip of hard wood. 

  Jane-tte, _Rotary Converters   

A CONVERTER should be installed in a clean, dry, well 
ventilated place, preferably not below 32° F., or above 
104° F., in such a manner as to be easily accessible for 
inspection and cleaning. It should be mounted on a level 
surface, as near as possible to the device or apparatus it is 
to operate, in order to minimize voltage drop. In locations 
where vibration or "running" noise is objectionable, vibration 
dampening materials can be used between the converter and 
its base. 

WIRING—Be sure the voltage of the power line is the same 
as the DC. voltage stamped on the converter nameplate. A 
wiring connection diagram is shown on page 8. lise con-
ductors large enough to keep voltage drop to a minimum. 
It is important that the D.C. and A.C. wiring to and from a 
converter, be made in SEPARATE conduits, both ends of 
which should be well grounded. All connections should be 
soldered and the contact prongs of plugs and receptacles 
checked for fit, because poor contacts may cause arcing and 
serious interference. 
Resistance type D.C. starters should be used with CE12. 
CEIO and CE1OF converters. 1 H P. for CEI2 when wound for 
32, 115 and 230 volts; 1 H P. for CE10 when wound for 32 volts 
and 11/2 H.P. when wound for 115 and 230 volts. 

When storage batteries are used as a power supply for low 
voltage converters, they should have ampere hour capacities 
approximately 10 times greater than the D.C. ampere ratings of 
the converters. 

GROUNDING: (Converter with filter)—To obtain the best recep-
tion from a radio receiver it may be necessary to try various 
connection combinations for grounding. 

A ground wire (preferably stranded) of at least No. 12 136S gauge 
should be connected to a water pipe, or equally good ground 
by means of a suitable clamp. The contact surfaces MUST be 
clean. Steam pipes or radiators usually are not good for ground-
ing and should not be used unless no better ground is available. 
The ground wire should be as short as possible. 

Separate ground wires should be used for the converter and 
radio chassis; each unit should have its own individual ground 
wire. 

I. The manufacturers' instructions for grounding the radio 
receiver should be complied with. 

2. Connect the converter leads (or plug) to the D.C. power 
supply. Connect the radio and start the converter. 

3 If reception is unsatisfactory, try connecting a ground wire 
to the terminal post on the filter box. 

4. The yellow wire from the filter box, which is connected 
to a screw on the frame of the converter before shipment 
from the factory, is the ground wire from the center of the 
filter system. Try the reception with this yellow wire 
disconnected. 

5. Try connecting the yellow wire to the ground terminal 
post on the filter box. 

6. Reception sometimes can be improved by changing the 
D.C. polarity. Reverse the D.C. wires to the converter or 
the plug prongs (if a plug is used) in the D.C. receptacle. 

In the event of trouble a converter should not be tested for 
grounds until all ground wires in the filter and on the converter 
frame have been disconnected. 
INTERFERENCE—This is often caused by motors, generators. 
X-Ray machines and similar apparatus. The filter system of 
the converter is not intended to eliminate such interference, 
as this can be only eliminated at the source. A set of twin 
condensers with the center point grounded, connected across 
the brushes of the unit causing the interference, will usually 
eliminate this trouble. "Leaky" wiring is very often respon-
sible for interference. A set of twin condensers of 1 mfd. 
capacity, with a rating of 400 volts D.C., grounded at the 
center point, connected across the AC. line at the radio 
chassis, may reduce this kind of interference. Shielding an 
ungrounded converter by completely surrounding it with a 
well grounded copper or galvanized screen, preferably with the 
interlacing joints soldered, is a good method to use for reducing 
interference from outside of a converter. 

MAINTENANCE 
COMMUTATOR—The commutator, collector (slip) rings, 
brushes and brush holders, should be thorouahly cleaned 
at regular intervals. Wipe them off with a soft cheesecloth 
moistened with kerosene or carbon tetrachloride, or blow out 
the dirt with dry air under pressure. Dirty brushes may stick in 
their holders and cause sparking at the commutator. 
SEASONING—It requires some months of operation for a 
new commutator to become seasoned. During this period, 
segments may loosen, causing high or low bars or an 
eccentric commutator. If this happens, the commutotor should 
be turned in a lathe. An eccentric commutator or slip ring 
will cause a distinct knocking action on the brushes. 

SANDING—A rough commutator can be smoothed by holding 
No. 00 (or No. 000) sandpaper against it by means of a thin 
piece of hard wood which has a straight edge. If commuta-
tor stones are available, start with a coarse and finish with 
a fine grain stone. Clean out all dust, especially from the 
brushes and slots, and see that the brushes move freely in 
their holders and have sufficient spring tension to hold them 
in firm contact with the commutator. DO NOT use emery 
cloth, oil or lubricants on a commutator, or abrasives on 
collector (slip) rings. IF the rings become blackened, clean 
with alcohol or carbon tetrachloride. 

TURNING—If the commutator (or slip rings) be-
comes eccentric, or has high or low bars it 
should be "turned." Protect the windings from 
copper chips and dust, by wrapping them with a 
piece of light canvas or oil cloth. Take light cuts 
with a fairly sharp (diamond) pointed tool. Use 
a surface speed of about 300/400 feet per minute 
for a carbon steel tool or 500/600 f.p.m. for a 
stellite cutting tool. 
R P.M.= (F.P M. x 12)±(Diameter in inches x 3 14). 

(R .P.M. (lathe) x dia. (commutator) x 3.14) 
÷12. Undercut the mica to a depth of about .04". 
If no undercutting tool is available, attach a 
suitable handle to a hack saw blade and grind 
off the "set." Be sure that all mica fins along the 
sides of the slots are removed. Pt is good prac-
tice to slightly bevel the edges of the commutator 
bars. 

SEATING BRUSHES—See that the commutator is smooth be-
fore installing new brushes, which should be of a make and 
grade recommended by JANETTE engineers. Wrap a strip 
of No. 00 sandpaper firmly around the commutator (or rings) 
with abrasive side out. Insert brushes and springs into the 
holders. Oscillate the armature or pull the sandpaper back 
and forth until brush face conforms to the curve of the 
commutator or slip ring. When nearly bedded the sand-
paper should be pulled only in the direction the armature 
rotates when running. Clean the dust from brushes, holders, 
and slots. If possible run the converter for several hours 
without load to polish the brush faces. Seating brushes can 

Fig. 2—Sanding in a brush. 

also be done by u. ing a free wearing, fine grain, brush seat-
ing stone if the dust is thoroughly cleaned out. 
BURNISHING—After "sanding" or "turning" a commutator 
(or slip rings) should be burnished. The end grain of a small 
block of hard wood (maple is good) can be held against 
the commutator with heavy pressure. An oak strip, with 
several layers of six or eight ounce, hard woven, canvas 
duck fastened over one end, held against the commutator 
with heavy pressure is an excellent means of polishing and 
removing surface deposit. Regular frequent cleaning of the 
commutator surface with canvas will go a long way in pre-
venting the need for major resurfacing operations. 
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  Janette, Rotary Converters   

LUBRICATION 
SLEEVE BEARINGS—CAUTION—Before leaving the factory, 
oil is drained from the bearings of converters equipped with 
sleeve type bearings, in order to prevent leakage of the oil 
during shipment. Fill bearings before starting the converter 
for the first time. Slowly pour about 1/2 ounce for CE12, or 
3/4 ounce for CEIO, of high grade mineral oil (of approximately 
150 viscosity at 100°F. which is within the S.A.E. No. 10 
range) into the oil cup on top of each bearing, or until oil 
appears at the overflow holes. After approximately 1000 
hours of operation, more oil should be added. Do not use 
animal fat, vegetable or heavy cylinder oil. The following 
oils, or equal, are recommended: 
Standard Oil Co. (rndiana), Stanoil No. 15; Socony-Vacuum 
Oil Co. Gargoyle Vacuoline oil light or Mobiloil Arctic 
Special; Shell Oil Co. 3647 Albus 27 oil; Sinclair Refining 
Co., Saline Oil and Texas Co. Ursa oil P-10. 

BALL BEARINGS—For ordinary service in ambient tem-
peratures of from 32° to 104°F., the original grease should be 
sufficient for 9 to 12 months' operation. For severe service 
and high ambient temperatures, it is advisable to add a 
small amount of grease every 3 months. 
For ambient temperatures above 32°F.: Use a smooth or short 
fibre ball bearing grease of 250-300 A.S.T.M. worked penetra-
tion and containing a refined mineral oil of 250-350 viscosity 
at 100°F. It should show no separation at 250°F. and must be 
free from any fillers, grit or other harmful impurities. 
For ambient temperatures below 32°F.: Use a smooth or short 
fibre ball bearing grease of 300-350 A.S.t M. worked penetra-
tion and containing a refined mineral oil of a viscosity not to 
exceed 200 at 100°F. It must be free from any fillers, grit or 
other harmful impurities. 

DO NOT over-lubricate as this will cause temperature rise 
on the bearing; may lead to serious heating and/or force 
grease out of the bearing. 

As quietness and life of a ball bearing depends upon clean-
liness, use only a CLEAN, high grade grease. CAUTION: 
Keep :he cover on the grease can, removing it only for 
the short interval that grease is being taken from, the can. 
Do not lay the cover where it can pick tip dirt. Make cer-
tain that the utensil with which you take the grease from 
the can is perfectly clean. Avoid the use of a wooden 
paddle Use instead something with a steel blade like 
a puttl, knife, which can be wiped off smooth and clean. 
When :he housing covers are to be removed wipe them clean 
of all dirt. After the first year of service and every year 
thereof er, (oftener if conditions warrant) the old grease 
should be renewed. Insert a grease solvent, such as kero-
sene ry- carbon tetrachloride into the bearings by means of 
a syringe. Start the converter and allow the solvent to 
churn 'or a few minutes, then remove the bearing caps and 
wash cut the bearings. Replace the caps and inject a small 
amoun of light lubricating oil. Allow to churn for a few 
minutes then drain off. Fill the bearing housings not more 
than one third to one half full of grease. Ball bearings 
should not be removed from the housings unless proper tool 
equipment is available. 

GREASES RECOMMENDED 

MANUFACTURER 
Standa7d Oil Co. 

(Indiana) 
Socony-Vacuum Oil 
Co. 

Shell Oil Co. 
Sinclai- Refining Co 
Texas Co. 

ABOVE 32°F.  
Stanobar No. 2 

Gargoyle BRB No. 3 

BELOW 32°F. 
Omega 

Gargoyle A No, 0 

5472 EXL No. 2 5121 Albida No. 1 
AF No. 1 AF No. 1 
Texaco Stcrrfak "M" Texaco Starfak "L" 

U S. Navy specifica ion 14-L-3B grade B medium grease. 
(Soconi-Vacuum PD288C grease meets this specification) 

AUTOMATIC FREQUENCY CONTROL 
REGULATION—Converters supplied with manual or auto-
matic control, have capacities of 10% less than the ratings 
listed in our price sheet. The frequency only is regulated, 
and the A.C. voltage will follow, almost in direct proportion, 
the voltage variations of the D.C. power supply. When regu-
lation of both frequency and voltage is required, the A.C. 
voltage can be controlled by an adjustable transformer, in 
addition to the frequency control. The capacity must be re-
duced 10% because of the losses in the transformer. For 
some applications it is advisable to use a motor generator 
set when close regulation is necessary. 
MODEL DS1X—Automatic frequency control is constructed 
with a moulded Bakelite disc, steel hub insert, hard com-
mutator copper split slip rings, which are insulated from the 
Bakelite disc. A split ring is used, which reverses the current 
each revolution, thereby supplying A C to the contacts to 
prevent polarization, roughening and sticking. A set of 
spring supported contacts on the face of the governor disc, 

cuts a resistor into the shunt field circuit of the converter 
when the speed decreases and cuts it out when the speed 
increases. This interruption frequency, about 100 to 200 per 
second, is determined by the normal periodic frequency of 
the contact spring, which is independent of the speed of the 
converter. This high frequency permits an accuracy of about 
60 cycles plus or minus 3/4 % (approximately 1/2 cycle), with 
a plus or minus 7% variation in D.C. input voltage, at a 
varying load from 1/3 to full load; for 50 cycles plus or minus 
approximately 3/4 cycle. 
The contact springs are adjusted roughly for a converter 
speed of 3600 RPM and closer adjustment may have to be 
made. If a tachometer indicates higher than 3600 RPM, or if a 
synchronous clock connected to the A.C. output leads of the 
converter runs fast, lower the frequency by readjusting the 
contact spring screws on the governor. 

FREQUENCY—To check output frequency when no frequency 
meter is available, connect a small syncl .onous electric 
clock to the A.C. output leads and determine whether this 

clock runs fast or slow when compared with any available 
timepiece. 

TO INCREASE FREQUENCY back up the small set screw on 
the outer contact spring on the face of the governor disc 
and fol.ow up with the set screw on the inner spring contact, 
until the air gap between the contacts is approximately 
1/32". This moves the entire contact assembly towards the 
periphery of the governor disc, which increases the fre-
quency by increasing the speed of the converter. 

1'0 REDUCE FREQUENCY screw in the small set screw bear-
ing against the outer spring contact and back up the set 
screw Ix the inner contact spring, until the air gap between 
the contacts is about 1/32". This moves the entire contact 
assembly away from the periphery of the disc, which de-
creases the frequency by decreasing the speed of the 
converter. 

PITrING of the contaCt points may cause erratic governor 
action. When this happens smooth the points with No. 000 
or No. 00 sandpaper. (Do not use emery cloth.) After clean-
ing the contacts readjust the governor for the correct fre-
quency (speed) as described above. 
THE SLIP RINGS on the split back governor disc should 
occasionally be cleaned with No. 000 or No. 00 sandpaper. 
(Do not use emery cloth.) Also clean between tbe rings. Any 
carbon dust or oil can be removed at this point by using a 
toothpicx. Keep the governor free from any accumulation of 
dust and oil. 

IMPORTANT—Always keep a spare set of brushes on hand 
for both the converter and governor. Also a spare governor 
disc assembly. Whenever the spare governor disc is in-
stalled, return immediately the other disc to lANETTE 
MANUF4CTURING COMPANY, 556 WEST MONROE STREET, 
CHICAGO 6, ILLINOIS, with a purchase order to covei repair 
or replacement. Be sure to give the type and serial number 
of the converter with which it is used. We do not build 
electric governors and do not guarantee this apparatus but 
do supply the best available make. 
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JANETTE ROTARY CONVERTER WITH FILTER 

Alit CHOKE 
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CONVERTER 
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go- DC. LEADS -CONNECT TO SlRTCR. At 

TP7 

leJ IF USED. WHEN NO STARTER IS 
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AC. LEADS-THROUGH 
JUNCTION 00X ON CEIC% 

TO OUTLET IN FILTER 
00X ON CEle. 
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WITH AUTOMATIC FREQUENCY 
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NOTE—An iron core choke is 
NOT used with CE12F and 
CE1OF converters wound for 32 
volts D.C. input. 

Two 0.1 mfd. condensers 
in series or parallel, 
or used singly, as appli-
cation may require. 
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  Janette Rotary Converters   

MISCELLANEOUS 
CAUTION: When a load consists of a number of radio re-
ceivers, which may be turned on or off; where a mixed load 
such as a motor, radio or lamp are connected to a converter 
of large capacity; or where the D.C. supply voltage of a con-
verter is subject to abnormal fluctuations, protection should 
be provided for EACH receiver against high A.C. output 
voltage. An adjustable resistor such as an Ohmite, Clarostat, 
Amperite, Vitrohm, etc., can be used. It may also be advis-
able to use an A.C. voltmeter. An adjustable transformer in 
the A.C. line is also a good method to use for protecting 
apparatus from damage by high A.C. voltage. 

POWER FACTOR: As the A.C. capacity of a converter is 
rated in VOLTAMPERES, the POWER FACTOR of the load 
should be given when ordering. Power factor is the ratio of 
actual watts (measured by a wattmeter) to the voltcnnperes 
(VOLTS X AMPERES). The power factor is obtained by 
dividing WATTS by voltamperes and is expressed in percent. 
The power factor is 100% when the volt-amperes and watts 
are the same. When the watt load is smaller than the volt-
amperes, the power factor is less than 100%. 
Examples of high power factor loads are lliinting devices, 
filament lamps, irons, toasters, radios, amplifiers, etc. Motors, 
inductive loads, some types of transformers, are medium or 
low power factor loads. A converter must be wound for the 
SAME POWER FACTOR as that of the A.0 load it supplies. 
NOTE: The two power factor conditions given below apply 
when the SAME voltampere load is supplied. 
HIGH POWER FACTOR CONVERTER and a LOW POWER 
FACTOR load—The no load will be lower than full load 
speed; the A.C. output frequency and voltage higher, which 
causes sparking at brushes and heating of commutator and 
armature. The high speed may also unbalance the armature 
and the high cycles. cause troublo in the load. 

LOW POWER FACTOR CONVERTER and a HIGH POWER 
FACTOR load—Lower A.C. output frequency and voltage 
result, which may damage the D C. windings and injure the 
apparatus connected to the converter. 

GASEOUS ELECTRIC SIGNS: Ta seloct a converter, add the 
VOLTAMPERE ratings stamped on the nameplates of all 
transformers used and select a converter whose voltampere 

INFORMATION 
rating equals or exceeds the total voltcrmperes of the trans-
formers. Transformers for neon signs are built for both low 
(40%) and high (85%) power factor. 
CAUTION: If a high power factor converter is underloaded 
or operated from a D.C. supply voltage higher than stamped 
on the nameplate, or both, overheating or breakdown of the 
sign transformer and converter may result. 

FLUORESCENT LAMPS: A standard converter should be used 
ONLY when the minimum lamp load at any time is 50% 
or more of the TOTAL voltampere load. A specially wound 
converter, with closer voltage regulation than a standard 
machine, is recommended where lamps may be turned on or 
off, until the load on the converter is less than 50% of its rated 
capacity. Any size converter can be supplied for special 
close voltage regulation but the capacity will be 20% less 
than listed. 
Fluorescent lamps and control auxiliaries are rated in 
WATTS. The power factor is normally about 60% but when 
corrected with condensers, 85% to 95%. To obtain volt-
amperes, divide watts by the power factor. For example: a 
20 watt lamp requires an auxiliary of about 7 watts, or a 
total load of 27 watts. A bank of 15 lamps would be 405 
watts. If the power factor of the lamps is 40%, 405 ÷ .40 = 
1012 voltamperes capacity required; if 85% P.F., 405 ÷ .85 
= 476 voltampere capacity converter would be required. 
A 1000 voltampere converter can supply 31 lamps if the power 
factor of the load is 85%; only 15 lamps if it is 40%. 

I TRANSFORMER 2 TRANSFORMERS 

ir2 

2 AC. 
WIRES 
from 

CONVERTER 

To Stem 

Fig. 4—Connections for electric sign 
transformers and converters. 
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CONNECTION DIAGRAM OF CONVERTER 
WITH FILTER - WD462 

CONVERTER 

\,/ 

FILTERI 

r-

SHUNT FIELD 

A
I
R
 C
H
O
K
E
 

---L 

SERIES FIELD 

MAM/ 

r - 
/ 

AIR CHOKE 

• 
/ 

^ 

AIR CHOKE 

_  

CONVERTER 

INSULATED 
FROM FILTER BOX 

OUTLET FOR 
.A C. OUTPUT 

 PLUG FOR 

D.C.INPUT 

NOTE—IRON CORE CHOKE IS OMITTED, also separate D.C. leads are used 

in place of cord and plug on 6, 12, and 32 volt converters. 
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AMERICAN STANDARD 

3.9 SYNCHRONOUS CONVERTERS 
3.905 Connections and Terminal Markings—Synchronous Converters, Two-Wire 

Standard direction of shaft rotation is clockwise facing the commutator end. 

SEE oleoRam MOTE 
FOR CIETAILS OF smile 
FIELD CONNECTIONS._ 

SHUNT FIELD 

ARMATURE 
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CIRCUIT r — =-•-i 
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Sy CO/LECTOR LEADS of 

FIG I SHUNT-WOUND THREE - 

PHASE SYNCHRONOUS CONVERTER 

WITHOUT COMMUTATIN6 POLES 

SEE DIAGRAM NOTE 
FOR DETAIL; OF SHUNT-
FIELD CONNECTIONS_ 

CIRCUIT 
eR,(eliER 

M 6 T 
COLLECTOR LENDS 

o+ 

nIM•IM- 1 

FIG4 SHUNT-WOUND SIX-PHASE 

S)WCHRO/YOUS CONVERTER WITH 

COMMUTATING POLES 

SEE DIAGRAM NOTE 
FOR DETAILS OF SHUNT 
FIELD CONNECTIONS 
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ileggfR 
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)1Me ftlier Ars 

?r• Emit(' ToR ¡EROS 

TTW5, 

RESISTANCE 
/1 PEDO 

FIG7 COMPOUND-WOUNDS/A-PI/ASE 

SYNCHRONOUS CONVERTER WITHOUT 

COMMUTATING POLES ____4 SEE DIAGRAM NOTE 
FOR DETAILS OF SHUNT-

" FIELD CONNECT/OHS 

L.MV.MAM-1 
SHUNT FIELD 
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e 

gz 

S COLLECTOR lidos 

ro. CIRCUIT BREWER 

SERIES 
S FIELD S 

-•RESiSTANCE 
If eolimo 

.51 

I— SEE DIÑORFININOTn 
FOR DETAILS OF SHUNT" 
FIELD CONNECTIONS 

LJ 
SHUNT FIELD 
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9 COLLECTOR lERDS 

FIG 2 SHUNT-WOUND THREE -

PHASE SYNCHRONOUS CONVERTER 

WITH COMMUTATING POLES 

SEE DANORAN NOTE 
FOR DE TRILS OF SHUNT 

__fill° coNNecr/oNs 

ell 6` es r/.12-r=-1111/ 3 orji7iil'• emu 

s 

COLLECTOR LEADS oNfOSTRT 
7.` C RaIII SPINNER e, 

.+  F/65 SHUNT-WOUND SIX-PHASE _ 

SYNCHRONOUS CONVERTER WITH 

COMMUTATING TIflaAUX.CORIMuel/N6 

P01158 REVOLVINGAPHATURE 50051ER 

SEE DIAGRAM NOTE 
FOR DETAILS OF SHUNT-
FIELD CONNECTIONS 
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F168 COMPOUND-WOUNDS/I-PHASE 

SYNCHRONOUS CONVERTER WITH 

COMMUTATING POLES 

F/6 10 COMPOUND-WOUND THREE-

PHASE SYNCHRONOUS CONVERTER 

WITH COMMUTATING POLES 

SEE DIAGRAM NOTE 
FOR DETAILS OF SMUNT 
FIELD CONNECTIONS 

CIRCUIT 
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FIG 3 SHUNT-WOUND SIX -

PHASE SYNCHRONOUS CONVERTER 

WITHOUT COMMUTATING POLES 

SEC DIAGRAM NOTE 
FOR DETAILS OR SMON7 

i- FIELD CONNECTIONS 
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LJ 
SHUNT TVEIO MiTTCOMM rifID 

M RICO 
'swum, COMM FIELD 
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SEE 01460411 NOTE 
FOR DETAILS OF SHUNT-
FIELD CONNECTIONS 

LJ 
SHUNT FIELD 

4 

ARMATURE SERIESfIELD , 

nç 

RESISTRNCE 
If REVD 

4 4\J1 

17 7:111 M 3 
-I COLLECTOR LEADS 

LCIRCUIT ORCOATR 

FIG 9 COMPOUND-WOUND THREE-

PHASE SYNCHRONOUS CONVERTER 

WITHOUT COMMUTATING POLES 

NOTE 1-Owing to the varieties of shunt-field connections, these diagram. 
Into 3.915) are shown separately from the other machine Connection diagram. 
in order to simplify •nd reduce the number of diagram. required. In sonic cases 
a shunt-field connection diagram may br used with only une machine diagram. 
In other cases • machine diagram may be used in combination with any of 
noserul shunt•lielil diagrams. For insult,. the •hunt-firld connection, ithown in 
3.915. diagrams I. 4, and 6. slim be used with rirter•I of the machine diagram. 
given in 3.905 and 3.910. 

NOTE 11 -See 1.510 lor the terminal letters assigned tu different types el 
windings. end 1.130 for the signib f the subscript nernerale. 
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AMERICAN STANDARD 

3.910 Connections and Terminal Markings--Synchronous Converters, Three-Wire 

Standard direction of rotation is clockwise facing the commutator end. 

SEE 0146Rem NOTE 
FOR of reLs OF SHUNT-
FIELD CONNEC norrs-
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flf14ANORIVOIVINGARMAIlIff MOSIER 

F 

_ 
Cara xj 

1• 

aerHEN.4: 

(.1--s 

fOSREEDE071.1eI61.504oeF AOTISHUNT-
  FIELD CONNECTIONS I  

-LJ f*MMAAF 1- 
SHUNT fill P. 

ONE-Her ONE-MR ii" 
OF SE RIES IRMilTURE Or SEN/Fi 
rIEID F//ID 

42 ill 

PIS IF 
REDO REOD 

4 LiteZTIM, fri3j. St 
..--,scoutcrae LENDS 

r r,:ck ciatuti sPearair41 
I 

e r-t-‹  
~E'ER LS = 
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FOR DE TaiLS OF SHUNT-

  FIELD CONNECTIONS   
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FIG 6 COMPOUND-WOUND SIX-
PHASE SYNCHRONOUS CONVERTER 
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NOTE 1-Owing to the variet ies of •hunt•ffeld connections, these diagrams 
(see 3.915) are shown separately from the other machine connect ion diagram. 
in order to simplify and reduce the number of diagram. required. In acane cases 
a shunt Field connection diagram may be used with only one machine diagram. 
In other gam a machine diagram may be used in combination with any of 
several shunt-field diagrams. For instance, the shunt-field connections shown in 
3.915. diagrams 1, 4, and 6, may be used with several of the machine 
diagrams given in 3.905 and 3.910. 

NOTE 11-See 1.510 for the terminal letters auigned to different types of 
windings. and 1.130 for the significance of the subscript numeral.. 
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PIG.I4RD. T 496,EdeupswtrcH 

FI6 4 -ZPO T FIELD DISCHARGE SWITCH 
FOAM!, EXCITATION 

AMERICAN STANDARD 

3.915 Connections and Terminal Markings—Synrhronous Converter Shunt Fields 

FIG. 2 4 P T BREAK-UP SWITCH WITH 
OUXIII/TRY COMMITAI11/6 SHUNT VELO 
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} TO 
CONTROL 
RE/NY 
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FIGS- 2P D T DISCHARGE:WITCH 
WITH ,l(iX/11PRY FIELD 
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ro 0-C 81/SES FOR 
SEPRIMIT EXCIMT/0/1  

POSE FUSE 

1/63- 2 PDT FIELD DISCHARGE swirch 
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mw 
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F16.6 2 P T DISCHARGE SY/11CH FOR 
SELF EXCITATION 

NOTE—See 1.510 for terminal letters assigned to different types of windings, and 1.130 for the significance of the subscript nemerale. 
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MOT OR-DRIVEN FREQUENCY CONVERTER 

CONNECTIONS 
AND 

CONTROL 
Fig. 4 shows the usual connections and con-

trol for a 4-bearing motor-driven frequency 

converter set. General practice is to use 

separate switches to connect the motor and 

frequency converter primary-winding to the 

normal frequency supply-line. The motor 

starter may be either the manual or mag-

netic type. The switch for the converter 

primary-winding should always be of the 

magnetic type, with the operating coil con-

nected to the motor side of the motor 

starter. With this arrangement there is no 

SET THE LOUIS ALLI S CO . 

Normal. Frequency 
Supply L;ne 

0 O 
I 1 
Motor 
Starter 

Driving Motor 

Magnetic 
Contactor 

Normal 
Frequency 
Input 

H;gh 
Frequency 
Out put 

• 

Primary Secondary 

F eguency Converter 

• 

Fig. 4— U"iring and Control Diagram for Motor-Driven 
Frequency Converter. 

danger of damage to the frequency con-

verter windings from being left connected 

to the line when the driving motor is shut 

down. 
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Fig. 5— Currer for estimating CJIMCiti of frequency converter required for a given total connected load, al‘o the largest 
permmible motor to be started. 
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Single 
Phase 

\\I Supply 
T3 

CONNECTION DIAGRAM FOR INDUCTION 
TYPE PHASE CONVERTER 

Phase Capacitor 
Converter Unit 

4 

2 

O00 

O 0 0 

3 

Converter Should Be Up To Speed 
Before Connecting to 3 Phase Load 

The Louis Allis Co. 
Milwaukee, Wis. 

Dia.#688 

D. C. TO A. C. INVERTED ROTARY CONVERTER 

S2 = To one side of d-c line (S2 internally connected 

to A2-F2 inside of motor). A'-F' = To other side of 

d-c line (connection is made through A'-F' on start-

ing box). 

Single phase - M'-M2 

Two phase - Phase 1 - M' -M'5. Phase 

Three phase - 

Four phase - Phase 1 = MIM2. Phase 2 = M2-Me . 

Phase 3 = le-M4. Phase 4 = M4-M1 

2 . m 2_114 

2 OR 3 PHASE WOUND ROTOR 

OR FREOUFNCY CONVERTER 

CONNECT Mi - Ma - M 3  

To SLIP RINC8 REQULA-

TOR OR 3TARTER.  

5TATOR LEAD M ARK-

INGS 3AME AS I orqI 

THE LOUIS ALLIS CO ., MILWAUKEE, 'XIS. 
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RECTIFIERS 8 CONVERTERS 
3 PH. A.C. LINE 3 pH. A.0 LINE. 

PH. CONVERTER CONNECTION 

CHOKE COIL 

 (403:11:e-

D.C. 

.0000000  

ANoots - 

CATHODE (mEantort PooL)--
D. C . 

6 PH. RECTIFIER CONNECTION 

A C. LINE 

I. Q0000_00_00_0_00000Q0_0Q_Q_QQ 1 

--VvVVVVvVVV,.. 
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VOLTAGE CH/4146Mb TAPS 
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A. C. LINE 

 QQZLQ00 QS) Q.0 QQ_O 
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AUTO 
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1 PHASE. MERCURY 
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- STARTING SW. 

- - SPRING 
—INSULATOR 
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ELECTRODE. (ANODE) 

- -STARTING ELECT RO MAGNET 
- -RESISTANCE 

-•- -STEEL TANK 

MERCURY POOL (CATHODE) 
(APROX. ISO LS. OF mf_RcURY) 

TUNGAR BULB RECTIFIER 

2 E.. 
201. 
TAP 

RECOMMENDED CHARGING RATE. FOR 

AVERAGE AUTO BATTERY (III. FOR. 24 HOURS 

SINGLE BULB UNIT - CAPACITY 101'011 BATTERIES 

-11111H1111-1111P-Illili-111111-111111i-111111-11111)  

SINGLE PHASE. A.C. 

RECTIFIED HALF WAYI. OR D.C. 
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rukTE(Ab‘09E) 
FIL (CATHODE) 

EFFECT OF CHOKE COIL 
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ACSupply 

\_QM22MQM2QQ_Q11 

HALF-WAVE TUBE RECTIFIER 

Filler 

To 
Locd 

FULL-WAVE TUBE RECTIFIER 

Fdter 

To 
Load 

FULL-WAVE TUNGAR RECTIFIER 

FOR BATTERY CHARGING 

Other gas-filled tubes of 
generally similar performance 
and characteristics may be 
used in this circuit. 



RECTIFIERS 575 
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Fine Secondary 

A. C. Supply 
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ReicirdahOn Cod 

COPPER-OXIDE RECTIFIER 

Arrows on the copper-oxide recti-

fying elements indicate directions 
of current flaw. 

The input transformer is provided 
with tap switches that allow ad-

justing the potential on the recti-
fier elements to required values 
for charging the load attached to 
the d-c output. 

The retardation coil, or choke 

coil, smooths the rectified cur-
rent and reduces the pulsations 
of voltage and current in the 
load. 

MERCURY ARC RECTIFIER 

A and B = Terminals connected to 
alternating-current source shown at 

the upper left in the diagram. 
C and D = Anodes inside the tube. 
E = Mercury pool cathode. 
F = Short circuiting starter. 

G and H = Inductances. 
J = Battery (load) being charged. 
R = Resistor for limiting ourrent 

during starting. 



RECTIFIER CIRCUIT 

FIG. 1 

SINGLE PHASE 

FULL - WAVE 

2 TUBES 

FIG, 2 

SINGLE PHASE 

FULL - WAVE 

4 TUBES 

FIG. 3 

THREE PHASE 

HALF-WAVE 

FIG. 4 

THREE PHASE 

DOUBLE -  Y 

FIG. 5 

THREE PHASE 

FULL - WAVE 

Conditions assumed for 
following relations 

1. Sine-Wave Supply 

2. Balanced Phase 

Voltages 

3. Zero Tube Drop 

4. Pure Resistance Load 

5. No Filter Used 

Note: All rectifier fila-
ments supplied by 
single phase transfor-
mers, with secondaries 
insulated for voltages 
greater than the Maxi-
mum Peak Inverse 
Voltage. 

.450 E rms 
.318 EMRX 

.900 Ern ., 

.636 E max 

re 

Oft 

rA re, 
E Average 1.170 E rms 

.827 E max 
1.170 E rms 
.827 E max 

E Inverse .314 E avg. 
IF* 

.157 E avg. 2.09 E avg. 

I Average .636 1 max .636 1 max .827 1 max 

2.09 E avg. 

2.34 Erms 
1.65 E max 

1.045 E avg. 

1.91 1 max 

Ripple Frequency 2 X Supply Freq. 2 X Supply Freq. _3 X Supply Freq. 

Ripple Voltage 48.3% 48.3% 18.3% 

t_ Secondary Kva 
Ratio D. 

Output-Kw 1.57 1.48 

4_ Primary Kva 

Ratio D. C. Outrur-Kw 1.21 

- - .9)) 'max 

6 X Supply Freq. 6 X Supply Freq. 

4.2% 

1.48 

1.05 

4.2% 

1.05 

1.05 
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H
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BRADLEY LABORATORIES COPPER-OXIDE RECTIFIERS 
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BRADLEY LABORATORIES COPPER-OXIDE RECTIFIERS 
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ELEMENTARY DIAGRAM OF THE TELEPHONE 

MOUTH 
PIECE 

ALUMINUM 
ICA RING DIAMIRAbM 

CARBON 
RANULES 

BATTERY 

II 
BRASS CUP 
 CARSON DISCS 

\INDUCTION 
COIL 

PAPER OR ENAMEL LINIMb 

REG EWER 

LINE (1) 

LINE (21 
RMA KENT MA6NET 

ELECT ROMASN ET 
IRON DIAPHRA6 M 

 -e- (TEMPORAR( MAGNET) 

The above diagram shows the equipment, and connections for one telephone. Con-
nection can be made to another telephone through points indicated Line "1" and 
Line "2". The transmitter button is everything enclosed in the brass cup. Sound 
waves (voice waves), through the mouthpiece, strike the aluminum diaphragm, caus-
ing it to vibrate. These vibrations move the front of the transmitter button in 
and out, which tightens and loosens the carbon granules. This decreases and in-
creases the resistance of the transmitter circuit, thus affecting the value of 
the current through the primary side of the induction coil. The effect of the 
change in rate of current in the primary induces an alternating voltage in the 
secondary, which causes current to flow first one direction then the other 
through the receiver circuit. A.C. in the electro-magnets, which varies the 
strength of the permanent magnet and causes the iron diaphragm to vibrate. These 
vibrations of the receiver diaphragm, which means that the sound waves thus pro-
duced by the receiver diaphragm are a reproduction of those impressed on the 
transmitter diaphragm. 

The diagram shows conditions as they exist when the receiver is off the hook. 
Ordinarily the receiver hook-switch opens the transmitter circuit to prevent 
drain on the battery, and also opens the receiver circuit. Notice there is 
nothing magnetic about the operation of the transmitter. Its purpose is purely 
to convert sound waves to electrical impulses, producing PDC in the transmitter 
circuit. The receiver operates on the magnetic effect of current. It demon-
strates the application of the three artificial magnets - namely - permanent 
magnet, temporary magnet, and electro-magnet. 

PERMANENT MAtsNET 

POLARIZED BELL 
OPERATES ON A.C. 

The polarized bell is the device com-
monly used in connection with the tel -
phone to sound an audible alarm when 
calling. It requires a source of energy 
separate from the transmitter circuit 
and receiver circuit. 

The N-pole of .he permanent magnet 
indicates the consequent poles "S" and 
"S" in the solft iron bar, making the 
main poles both N-poles. The iron bar 

is pivoted in the center, which permits its ends to move up and down when at-
tracted or repelled as A.C. changes the polarities of the electro-magnets. 

By tracing the circuits for each alternation separately, it will be seen that 
the "right-hand rule for electro-magnets" applies here; also the "First Law of 
Magnetism." COYNE 
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LOCAL BATTERY TYPE TELEPHONE - S/LE/VT R1NG/NG 
RECEIVER 

HOOK SWITCH 

1 

5 r  
,OQQQ.0000, 

BELL CIRCUIT 

ItECEVIEfit 
TERMINALS e 

LANE 

SPRUNG COMTACT 

RICEWER CIRCUIT 

«VR1\115,111" T ER CIRCUIT rirro CIRCUIT 

Observe that when the receiver is off the hook, as shown in the above diagram, 
all of the contacts on the hook switch (at "A") are closed, thus completing both 
the receiver circuit to the line and the transmitter circuit. 

Hang the receiver back on the hook. Notice that all of the contacts open, thereby 
breaking receiver and transmitter circuits. This type of telephone is called si-
lent ringing because, by turning the crank on the magneto to call out, the bell is 
shunted and does not ring. 

The reason for this can be clearly seen when turning the crank. The mechanical 
arrangement of the shaft moves the moving contact of the double-circuit switch, 
on the end of the magneto, away from the closed contact over against the open con-
tact. 

This type of telephone can be used on a grounded line by connecting line "2" to 
the earth and line "1" tota wire extending to the other telephone. It can also be 
used on metallic line by connecting one wire of the line to line "1" and the other 
to line "2". 

It should be noted that the pulsations in the battery circuit produced by opera-
tion of the transmitter result in alternating voltages being induced in the sec-
ondary winding of the transformer and that these A.C. voltages force A.C. cur-
rents through the line which operate the receiver at the other end. 

The magneto shown is also an alternating current device. This explains the need 
for using a polarized bell on this unit, since positive ringing cannot be satis-
factorily obtained on a bell of the ordinary type when it is operated from an 
alternating current source. 
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LOCAL BATTERY TYPE TELEPHONE 

Tn  

TRANSMITTER C RC.UtT 

RECEIVER C RCUIT 

RECEIVER TERMINALS 

1 \ 

I 

5 RING CONTACT 

-1= 

SELL CIRCUIT 
MAGNETO CIRCUIT 

CENTRAL ENERGY TYPE TELEPHONE 

TRANSMIT TER CIRCUIT LL E RCU IT 

RECEIVER CIRCUIT AGINZTO CIRCUIT 

This is a comparison of Local Battery Telephone, and the Central Energy 
Telephone each with a magneto ringer. 

The purpose of the condenser in the Central Fnergy Telephone is to prevent 
the D.C. of the transmitter circuit flowing through the receiver circuit, but 
still permitting the A.C. for ringing and the receiver circuit. 

When ringing is done from a central source the magneto will not be neces-
sary. Instead of connecting the polarized bell to the moving contact, connect 
it direct to line 1 and eliminate the connection from the receiver to the open 
contact on the magneto.  
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UNIVERSAL CORD CIRCUIT 

CORD CIRCUIT 
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SWITCHBOARD UNIT WITH OPERATOR'S SET AND NIGHT ALARM 
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TELEPHONE SWITCHBOARD - PORTABLE MONOCORD MAGNETO TYPE 
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AUTOMATIC ELECTRIC COMPANY 
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KFI.LOGG MASTERPHONE 
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TO SW.NO. 

B-2010IP2 

5 

CHASSIS 

o 54.113 CONTROL PAIR 

WIRING DIAGRAM FOR 460-1_ CONNECTOR. 

MGT 6V6GT 7F7 7F7 

FILAMENT CONNECTIONS. 

UNLESS OTHERWISE SPECIFIED ALL CAPACITORS 600 VOLTS, 
VALUES IN mFD. RESISTORS 1/2 WATT, VALUES IN OHMS 

(K• 1,0001. 
D.C.VOLTAGES MEASURED WITHOUT SIGNAL WITH A 20,000 
OHMS/VOLT METER TO CHASSIS. 
AC. VOLTAGES MEASURED ACROSS WINDINGS. 

MODEL 460-S 8 460-L BELFONES 
SCHEMATIC DIAGRAM C-11950 
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MASTER NO. I. 
SWITCH I - MASTER 4 

2- 2 
▪ 3- " 3 • 

4- SUB I -1 
• 5- " 1-2. • 

6- " 1-3. 

MASTER-
SUB 

WIRING 
NO.1 --

s
u
e
 
C
O
M
M
O
N
 

MASTER NO.2. 
SWITCH I - MASTER I. 

2- 4. 
SS 

3 II 3. 
4 SUB 2-1. 

▪ 5 " 2-2. 
6 " 2-3. 

NO.1 WIRE  

NO .2 WIRE 
NO. 3 WIRE  

NO.4 WIRE 

MASTER 

1 ç'' z 

MASTER- / ..a 
SUB -a 

< WIRING / u 
NO.2 -* low) 

awn 
0.D 
té1101 SUB 1-1 

SUB 1-3 

e Y R ' 
 • 

MASTER NO.3. 
SWITCH I - MASTER I. . 

2- 2. 
3- " 4. 
4- SUB 3-1. • 
5- u 3-2. • 
6- 3-3. 

MASTER-
SUB 

WIRING 
NO.3 - 

SUB 2-1 

SUB 2-2 

SUB 2-3 

SI 

COMMON 

MASTER NO.4. 
SWINTCH1- MAS.TER1. 

2- 2. .. 3. 3. 
• 4- SUB 4-1. 
• 5- " 42 
• 6- e 4-3. 

MASTER- — - 
SUB 

WIRING 
NO.4— 

u 

B Y  R Fa ï o = 
SUB 3-1 re  ?____1 

o 6 

2   
a 9 Y Fl i 

SUB 3-2 3.   
•  I n 
0 

SUB 3-3 

SUB 4-1 

SUB 4-2 

Aq_  SUB 4-3 
USING 4 MODEL 440-S UNITS, EACH MASTER HAVING MIXED MASTER & SUBSTATION SYSTEM COMMUNICATION WITH 3 MASTERS a 3 SUBSTATIONS. 

8- BLACK Y-YELLOW R- RED 

,tà:J 

ca 
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MASTER TO MASTER CABLING 

NO 2 PAIR 
MS BUS PAIR CuT AT POINT® SHOWN 
ON SCHEMATIC NO C.11959. 

NO .3 PAIR 

NO I PAIR 

NO I 

MODEL 
460S 

è• S BUS PAIR 
CUT BETWEEN 
SW 4 65 

o 

REGULAR 
SUB WITHOUT 
CALL-IN. 
NO 3-1. 

MASTER 

SELECTO SUB 
CONFIDENTIAL 

REGUL AP SUB 

50_1 8 

NO.2 

MODEL 
460S 

MS BUS PAIR 
CUT BETWEEN 
SW 3 H 4 

4 3 16 

14 17 

SUB CALL IN NO.2 

NO.3 

MODEL 
460S 

SUB CALL-IN-2 

o 

CONTROL LINE NO.2 

4 
611  

15 18 

o 

o 

O 

• 
u 
o 

SUB CALL IN NO3 

  2 

CONTRCL NO 

I-0 10 0-1 
B Y R 

—0 c o—' 
B Y R 

CONFIDENTIAL 
SUBSTATION. 
NO 1- I. 

REGULAR 
SUB WITH 
CALL-IN. 
NO.2-1. 

NO I MASTER 
SWITCH NO 1 CALLS STATION 2 
SWITCH NO 2 CALLS STATION 3 
SWITCH NO 3 CALLS SELECTOSUBI 
SWI TCH NO4 CALLS CONFIDENTIAL SUB1 
SWITCH NO 5 CALLS SUB 2-1 
SWITCH NO6 CALLS SUB 3-1. 

MASTER 

SELECTO SUB 

REGULAR SUB 

11-
rti II 14 

II 

SELECTO-SUB NO 
3 STATION 

-0 0- 0-
Y R 

-0 0 
BY R 

-0 01 
Y R 

— 0 -0 0— 
B Y R 

-0 O 0-
8 Y R 

— 0 o O -

8 Y R 

NO.1-2 SUB NO.2-2 SUB NO.3-2 SUB 
(ALL WITH CALL-1N) 

NO 2 MASTER. 
SWITCH NO I CALLS STATION I. 
SWITCH NO.2 CALLS STATION 3. 
SeeTCH NO 3 CALL. G SELECTO SUBI 
SWITCH NO.4 CALLS SUB 1_2 
SIM TCH NO 5 CALLS SUB 2-2 
SWITCH NO 6 CALLS SUB 32 

CONTROL LINE NO3 

-0 0 O 
Y R 

 • 

— 0 -0 O— 
D Y R 

NO.1-3 

-00- 01 
B ,0Y 

B Y R 

NO.3-3 

-0 0 0-
B Y R 
—0 0 0— 

Y R 

NO.2-3 

3 CONFIDENTIAL SUBSTATIONS. 

MASTER 

SELECTO SUB 

NO.3 MASTER. 
SWITCH NO 1 CALLS STATION I 
SWITCH NO. 2 CALLS STATION 2 
SWITCH NO. 3 CALLS SELECTO SUBI 
SWITCH NO. 4 CALLS CONFIDENTIAL SUB 1-3 

CONFIDENTIAL SWITCH NO 5 CALLS CONFIDENTIAL SUB 2-3 
SWITCH NO.6 CALLS CONFIDENTIAL SUB 3-3 

MODELS 460S, 464-3,465 eg 468. 
INTERCONNECTION DIAGRAM C -119 61. 
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I4F7 50L6 

THO 

lee 
3 

2.2 MEG 

Bey 78V 

o 

2 g o o 
o 

id 4 Ye N 

.0005 

YEL 

II7V 

115 V 

4 

TALK -

LISTEN•  SWITCH 

(IN LISTEN POSITION) 
  T252   TALK 

C4 

czà• 
7v 

la 0 /0 
I In o 

* I 0 
 ) I We BROWN „, 

3300 it5v 

POWER 
SWITCH NE51 

47K 47K 

STATION 
CAE3LE 

G ell-Ae4  

3 
4 SiRLEN  

peowN 
WHITE 
MAROON 

QWANGE 

RED 

47 220 

• 

40 T 30 

\ A A A 
50L6 370 - !ow 14 F 7 

I3LuE 

25 

EARPHONE & SWITCH 
(OPTIONAL) 

CONNECT X -X TOGETHER 

WHEN SWITCH IS NOT USED 

X 

o 

YELLOW 

PLVE 
SLATE 

5 
6 
7 

9 

10 

11 

12 

13 
14 

I5 
16 
I7 

18 

CLACK 5 RED 

PLUE a WHtTE 

LACK ft GREEN 

YELLOW ft RED 

ftu a BLUE 
BLACK & WHITE 

MOWN B WHITE 

LACK b YELLOW 
QRANGE B BLACK 
MAROON 13 YELLOW 

SELECTOR SWITCH 

FOR MODEL I2C, AN II 
CONTACT SWITCH IS 
USED FOLLOW SAME 
COLOR CODE UP TO II. 

NOTES - ALL CAPACITANCE VALUES 
IN PA FD 

ALL VOLTAGE READINGS 
TAKEN WITH A 20,000 OHMS 
PER VOLT VOLTMETER 

DAVID BOGEN CO. INC 
663 BROADWAY 

NEW YORK 12, NEW YORK 

TITLE SCHEMATIC 

MODELS 12 C & 21 9C 

DRAWN BY NS 

CHAD SY A  
DATE 

SCALE 

APPVD ev Ahotit  
JOB No J 4oe ISSUE NO 

DWG NO CAB FILE NO A-1-0-11 - 11 
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T 10 

OWE 

RED , 

I2SJ7 

a 
gr o 

—4'1401-3 

50L6-GT 

.00011 

4 

o 

SRN 

.0tW 

T252 

_ 

I EARPHONE & SWITCH 
(OPTIONAL) 

tA. VI K/ 

LISTEN 

o  

TALK 

X X 
•  

3 
0 i 

o 

 ii 

17 

I CONNECT X-Z TOUTS" VINEN 

SWITCH IS NOT USED 

L _ _ _ _J 

3525-GT 

MM.& tW 

T 40 M?D 
WIN 

1501e. W 

35Z5 50L6 I2SJ7 

PWR. 

se 

55 jt. 

e 
d 

REAR VIEW OF SWITCH IN ALL POSITION 

FRONT SECTION 

e-

tie 

REAR SECTION 

e î 
117 V. 

S S t 3 4 1 

DAVID BOGEN CO., INC. 
663 BROADWAY 

NEW YORK 12, NEW YORK 

TITLE. SCHEMATIC- MODEL 6C 

COMMUNO-PHONE (Aims») 
DRAWN BY DATE 
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MASTER STATION-I MASTER STATION -2 

STATION CABLE 

G 

MASTER STATION -3 MASTER STATION -4 

UNUSED WIRES 

G 

DOTTED LINE INDICATES 

CONNECTIONS IN 

JUNCTION BOX, WHEN 

USED 

MASTER STATION -5 

2 2 

2 2 3 3 

3 3 

4 

TERMINAL STRIP  

4 4 4 

STATION CABLE 

.41,• 

e 2 3 4 5 6 7 e 
••-•• 4p-e- -••••• 4.-0» ••••-•••• 

9 10 
•••-•- •••-• •-•• 

• SEE SCHEMATIC DIAGRAM 

  FOR COLOR CODE 

CONNECT ACCORDING 

TO CROSS CONNECTIONS 

CHART 

INTERCONNECTING 

CABLE 

-0-JUNCTION BOX (OPTIONAL) 

-----  INTERCONNECTING CABLE  

 d 

CONNECTIONS ARE SHOWN FOR 

A 12 STATION SYSTEM FOLLOW 

CHART FOR CONNECTIONS 

TWO STRIPS ARE PROVIDED 

FOR MODEL 219 C. 

'INTERCONNECTING CABLE 

DOTTED LINES ARE WIRES 

TO OTHER STATIONS 

WHEN ADDED ADD ORE 

FOR EACH ADDITIONAL 

MASTER 

DAVID BOGEN CO., INC. 
683 BROADWAY 

NEW YORK 12, NEW YORK 

TITLE, HOOK UP DIAGRAM 
COMMUNO-PHONE MODELS I2C &219C 

DRAWN BY FILMAN 
CHICO Il`f 

APPVD UY 

JOB NO. 
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SCALE NONE  
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FILE NO.111-0-1.40-* 

N
O
I
I
V
D
I
N
f
l
I
A
I
T
,
N
O
D
H
S
I
N
I
 



DR. APP. MODELS  

KC -8050 

Ta I k -A- Phone Co., 
CHICAGO 23, U.S.A. 

12 5J7 
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4100 
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MASTER STATION-I MASTER STATION-2 

G 

STATION CABLE 

MASTER STATION -3 MASTER STATION -4 

UNUSED WIRES 

G 

DOTTED LINE INDICATES 

CONNECTIONS IN 

JUNCTION BOX, WHEN 

USED 

MASTER STATION -5 

8 

2 2 2 

2 2 13 3 3 

3 3 B_ 

4 

TERMINAL STRIP  

4 4 

STATION CABLE 

.-4-. 

2 3 4 

••••-.1. 

e 9 10 

SEE SCHEMATIC DIAGRAM 

  FOR COLOR CODE 

CONNECT ACCORDING 

TO CROSS CONNECTIONS 

CHART 

INTERCONNECTING 

CABLE 

-0—JUNCTION BOX (OPTIONAL) 

INTERCONNECTING CABLE  

CONNECTIONS ARE SHOWN FOR 

A 12 STATION SYSTEM FOLLOW 

CHART FOR CONNECTIONS 

TWO STRIPS ARE PROVIDED 

FOR MODEL 219 C 

INTERCONNECTING CABLE  

DOTTED LINES ARE WIRES 

TO OTHER STATIONS 

WHEN ADDED ADD ONE 

FOR EACH ADDITIONAL 

MASTER. 

DAVID BOGEN CO., INC. 
883 BROADWAY 

NEW YORK 12, NEW YORK 

TITLE, HOOK UP DIAGRAM 
COMMUNO -PHONE MODELS I2C &219C 
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SIGNALS 603 

ANNUNCIATOR SYSTEMS 

-4 

I I  

D--• 

This is an alarm or signal system using an annunciator "A", and a drop relay "D" 
(drop switch) to provide a continuous alarm until the relay is reset by hand. 
Apply the following tests to locate terminals on drop relay. 

(1) Be sure the drop relay is set. The little plunger must be pushed up as 
far as it will go, so that the drop contacts are held apart. 

(2) Test with test leads until you locate the two terminals which, when con— 
nected, will trip the relay. These terminals will be the grounded coil terminal 
and the insulated coil terminal. The remaining terminal will be the drop con— 
tact terminal. «. — 

(3) To distinguish between the two coil terminals, connect one lead to the 
drop contact terminal with the relay tripped and one lead to one of the coil 
terminals. The insulated coil terminal, when connected, will pull the relay 
armature over with a click. The other coil terminal will be the grounded coil  
terminal. 

This is a two—section alarm or signal system. 
departments can be protected in this manner. 
floor or building the call comes from and the 
dication after the system has been disturbed. 
the lamp if an audible signal is desired. 

ff 

0 • 

Two or more floors, buildings, or 
The annunciator indicates which 
drop relay gives a continuous in— 
A bell can be used in place of 

COYNE 



604 SIGNALS 

USEFUL . . . Solutions for Questions Concerning Larger 
INFORMATION 

Installations of Signaling Equipment 

AUDIBLE SIGNAL DATA 

I 

TYPE OF SIGNAL 

AC 1 DC I AC DC 

12 I 24 112 
Volts Volts Volts 

24 
Volt 

12 
Volts 

24 
Volts 

12 
Volts 

24 
Volts 

Amperes Watts 

1 
Small Buzzers  0.5 0.15 0.5 0.3 6.0 3.6 3.5 3.5 
Large Buzzers  0.3 0.15 0.5 0.11 6.0 3.6 4.0 4.0 
Small Bells 2W-4" (speciiii it  di 0.6 0.2 0.6 0.15 6.0 6.0 3.5 3.5 

LargeBells2 1A"-4"(staadoedilaciadt 0.4 0.2 0.5 0.11 5.0 5.0 3.5 3.5 
Large Bells 6"-8"  1.0 0.25 0.35 0.11 8.0 8.0 4.5 4.5 
Large Bells 10"-12"  1.0 0.25 0.40 0.1210.0 10.0 5.0 5.0 

Polarized Bells 3"-4"  0.35 0.15     4.0 4.0 4.0   
Polarized Bells 6"-8"  0.35 0.15     5.5 5.5 5.5   
Polarized Bells 10"-12"  0.5 0.33     6.0 6.0 8.0   

Small Buzzers Solenoid Type  1.2 0.5     18 18 12   
Small Bells, Single Stroke  1.5 0.8     20 20 20   
Large Bells, Single Stroke 4".... 1.0 1.0 0.5 0.5 24 24 12 12 

Large Bells, Single Stroke 6"-8" . 1.0 1.0 0.5 0.5 24 24 12 12 
Large Bells, Single Stroke 10 "-12 " 1.0 1.0 0.65 0.65 24 24 16 16 
Vibrating Horns  1.6 0.8 1.7 0.7 16 22 20 20 

Small Chimes  1.0 1.0 0.5 0.5 15 15 12 12 
Large Chimes  1.3 1.3 0.5 0.5 23 23 12 12 

GROUPED SINGLE CONDUCTORS 

Number 
of Con-
ductors 

No. 18* 
144" RB 

No. 18 
1," RB 

No. 16* 
1,-‘4" RB 

No. 16 
142" RB 

No. 14 
344" RB 

No. 12 
344" RB 

No. 10 
3/4" RB 

Conduit Size-Inch 

5 10 11 3Aj . 
I/ 2 i , /.2 , , 2 

1 / / 2 i. • » 
1 / ,, 2, u 
1,,,:‘ 

1 u 
1 

1 u 
14 

1 1 ix. 
1 V4 

12 1/ 2 % % 1 q 114 1 14 
15 ,i,,,' % 3/ /4 1 1 4 14 12 
16 i iu % 1 1 Vt 1 ! :2 1!,2 

20 % 34 34 1 1 l'.; 1 /I2 2 
24 % 1 1 11.¿ 11-a 2 2 
25 334 1 1 1 q 13-'2 2 2 

30 34 1 1 1 l'i 2 2 21,2 
35 1 1 1 q 1 .«i 2 21/2 21.2 
40 1 1 ! ¡ 1 Li 1 I.4 2 212 3 

45 114 11.¡ 11.4 112 21 2L2 3 
50 114 114 114 112 21, 212 3 
55 1 vi 1 LÁ 1 ! 4 1 ! 2 21. 3 3 

60 1 14 1 1,.¡ 11.4 2 2V2 3 3 
70 11/.4 11., 114 2 3 3 .... 
80 114 11., - 11 2 2 3 .... 

90 114 2 1'4 2 3 .... 
100 114 2 2 21. 31.; .... 

RB-Rubber covered with protective braid. 
*Approved by special permission only. 

CONDUCTOR SIZE 

Length 
of 

Circuit 
(One-
way) 
Feet 

1 2 

Load in Amperes 

4 6 7 8 10 

SIZE WIRE ON 12 VOLT SYSTEM-Awg 

50 18 18 16 16 16 14 14 
75 18 18 16 14 14 12 12 

100 18 18 14 12 12 12 10 

150 18 16 12 12 10 10 8 
200 18 14 12 10 10 8 8 
400 14 12 8 6 6 6 5 

600 12 10 6 6 5 4 3 
800 12 8 6 4 4 3 2 

1000 10 8 5 3 3 2 1 

SIZE WIRE ON 24 VOLT SYSTEM-Awg 

50 
75 

100 

150 
200 
400 

600 
800 
1000 

18 
18 
18 

18 
18 
18 

16 
14 
14 

18 
18 
18 

18 
18 
14 

12 
12 
10 

18 
18 
18 

16 
14 
12 

10 
8 
8 

18 
18 
16 

14 
12 
10 

8 
6 
6 

18 
16 
16 

14 
12 
10 

8 
6 
6 

18 
16 
14 

14 
12 
8 

6 
6 
5 

16 
14 
14 

12 
10 
8 

6 
5 
4 

SINGLE TELEPHONE CABLE 

Number 
of Con-
ductors 

Bra 

Overall 
Diam. 

Inch 

ided* Leaded* 

Conduit 
Size 

Overall 
Diam. 

Inch Inch 

Conduit 
Size 

Inch 

6 
11 
16 

26 
35 
45 

55 
65 
75 

85 
100 

0.26 
0.28 
0.31 

0.36 
0.40 
0.44 

0.46 
0.51 
0.53 

0.55 
0.60 

0.30 
0.33 
0.36 

I 

, 

0.40 
0.45 4 3/ 
0.48 

0.51 
0.55 
0.57 

0.60 
0.64 

1 
1 

34 

*Number of Single No. 22 & 4 Single No. 18. 

Special Tables on this page Reprinted by Permission of 

Electrical Contracting Magazine. 

ANACONDA WIRE AND CABLE COMPANY 



INDUSTRIAL ELECTRONICS 605 

VACUUM ELECTRONIC TUBES 

TUBE 
NAMES KENOTRON 

*(D,odo X-RAY 
PLIOTRON 
*(ay be 

TriodMe, Tetrode 
or Pentode) 

CATHODE RAY MAGNETRON 
KLYSTRON 

RHIMBATRON 
VACUUM 

PNT°TIBE 

APPLICATION 
Rectifies low 
values of 
current (often 
at high voltage) 

Produces X-ray 
radiation 

Amplification 
and high 
frequency 
oscillation 

Produces visual 
indications by 
controlled 
electron beam 

Ultra high 
frequency (UHF.) 
oscillation 

Used in military 
radio and 
detection 
devices 

Used in 
applications 
where audio 
frequency 
response is 
important 

TYPICAL 
EXAMPLES 

Rectification in 
radio, X•ray, 
and electrostatic 
precipitation 

•Medical diagnosis 
and therapy 

•Examination of 
industrial 
products 

•High frequency 
heating 

•Carner current 
Control  circuits 

•Radio receivers 
and transmitters 

•Circuit 

analysis 
•Television 

Short wave 
radio 

Sound movies 

TYPE OF 
CONTROL None 

Electrostatic 
(Ond) 

Electrostatic 
or 

Electromagnetic 

Electromagnetic 
field 

Resonance 
chamber Light variation 

TYPE OF 
CATHODE 

Hot Photoelectric 

GAS FILLED ELECTRONIC TUBES 

TUBE 
NAMES 

RECTIGON 
• 

TUNGAR 

PHANOTRON 
(Mercury Vapor 

Rectifier) 

THYRATRON 
*(May be 

Gas Triode or 
Gas Tetrode) 

PERMATRO_N 
GLOW TUBE 

• 

PROTECTOR TUBES 
(For special applications) 

GRID GLOW 
TUBE 

*(Gas Triode) 

APPLICATION Low voltage 
rectification 

Rectification 
of moderate 
amounts of 
current at 
voltages up 
to 20,000 

Control and controlled 
rectification of moderate 
amounts of current •t 
voltages up to 22.000 

Illumination, 
rectification 
and regulation 
at low current, 
low voltage 

Controls small 
amounts of 
power 

TYPICAL 
EXAMPLES 

Battery 
charging 

Radio 
transmitters 
and industrial 
applications 

Welding control 
•Timing circuits 
•Motor control 

•Switchboard indi-
rating lights 

•Control circuit 
voltage regulators 

•Protection of super-
visor) control circuits 

Safety control 
of furnaces 

TYPE OF 
CONTROL 

None 
 Electrostatic 

(Grid) 
Electromagnetic None Electrostatic 

(G) 

TYPE OF 
CATHODE 

Hot Cold 

POOL TUBE 
(Mercury Arc 

Rectifier) 

GRID POOL TUBE 

EXCITRON 
(Mercury Arc 

Rectifiers) 

IGNITION 

, 

GUSETRON GAS 
PHOTOTUBE 

Rectification, conversion and control 
of large amounts of power 

•Process and 
quality control 

• Det ection 
devices 

Power for Aluminum. Magnesium. Mining, 
Electrochemistry, Transportation and Steel. 

(Ignitrons and Gusetrons are also used in resistance welding control.) 

•Sound movies 

 •Pinhole 
detector 

• 
windinCutting.g and 
printing control 

None Electrostatic 
(Grid) 

Resistance 
ignition 

High potential 
gradient 
ignition 

Light variation 

Pool (usual y mercury) Photoelectric 



SYMBOLS 
FOR TUBE 
ELEMENTS 

TYPICAL 

SYMBOLS FOR 
HIGH VACUUM 
ELECTRONIC 

TUBES 

ENVELOPES ' CATHODES («Mors) COLLECTORS 

High Vacuum Gm Filled 
Therm,. inir (hid) c old (Including 

Ionic Heated) Pool Phot o Senutivr 
Inc Heated with 
Supplementary 

Heater, 

n 
Anode (Plate) 

i  

— 7 - 

Target (X Ray) 

1 

Direct Heated Indirectly Heated 

n 7r1 ? '''-''.."9 Y • 
Lacing., at conrenierd 

CONTROL ELECTRODES SHIELD COUPLING RESONATORS (Cavity type) 

Elects- is, at sr (Gnat 
(Including beam 
confining iir beam 
forming electrodes) 

Elect rostat lc 
(deflecting. reflect. 

ing or repelling 
electrodes) 

Resistance 
Ig  

Excitor It ternal 

E, ‘',I"P, 

Anode 
Ciinneetrd 

Single Cavity 
Entieline 

D..nible Cavity 
Enveliipe 

me ••• 

ig no., , — \ 

I/ 
‘ /1 

\ 

The above symbols represent specific (unctions of tube elemt its When two or more (unmans are cumbined in one element (such as a dynude used in 

ype phototubes)the symbols are combined like thist. All symbols can be used in an unlimited variety uf combinations fur complete tubes. 

T
U
B
E
 
E
L
E
M
E
N
T
S
 

Tube Names 
KENOTRON 

X-RAY 
PLIOTRON 

Direct Heated Cathode Indirectly Heated 
Cathode 

Tr otte with 
Direct Heated Cathode 

Pentode Indirectly 
Heated Cat hivIr 

Symbol 

CATHODE RAY MAGNETRON KLYSTRON VACUUM PHOTOTUBE 

Electrostatic Control 
Elect romagnetsc Control 
(magnet tr. coils added 

to 'tot) 

Resonant Type 
(magnetic cletls added 

to suit ) 

(Solute Cavity) (Double Cavity) Mutt plat r Type 

V
A
C
U
U
M
 
T
U
B
E
S
 

S
D
I
N
O
I
L
L
D
Z
I
S
 r

IV
II
II
SE
1C
IN
I 



TYPICAL 
SYMBOLS FOR 
GAS FILLED 
ELECTRONIC 

TUBES 

TYPICAL 

CIRCUIT 

SYMBOLS 

Tube Names 

RECTIGON 

TUNGAR 

PHANO.TRON 

THYRATRON 

. _ 

PERMATRON 

GLOW TUBE GRID GLOW TUBE 
Triode Direct Heated 

Cathode 
Tenn& IndIrectly Heated 

Cath..Ir 
(Magnetic rods added 

1.. suit / 

Sy mbol • 
• • 

• 

• • 

POOL TUBE 

GRID POOL TUBE EXCITRON IGNITRON 
GAS 

PHOTOTUBE 
(Full Wave) 

• 

• 
• • • G

A
S
 
T
U
B
E
S
 

Device 
REACTOR 

TRANSFORMER 
RESISTOR POTENTIOMETER CAPACITOR 

Iron Core Au C ,rr Flted V.irt.thle Foxed Variable 

al Syml Indust n Symbol 

weor,. .1 

—WOW— 

R•actor .. 

'JVVV\AIL 
1/4AM 

1 

;— 

C • 
1.# ..4 

—I R • I 
H ." 

1 

AAAAAA) M 

Radto Symbol 
-‘19.9_0 r'' 

MASI) 
, 

-1\AAAM-
' 

'1 \AAMA 

-A>e,ç\A- T 
\k\  

--U.USU—  '' 

rfflP51 i 
RELAY CONTACT 

RELAY COIL 
DRY DISK OR 

METAL RECTIFIER Contact Open 

when Dg rd 

Contact Closed 

when De energised 

Interlock Open 

when De mew red 
Interlock Closed 

when De.energ(m.1 

.1 

T 1 

l a 

— 0 —  

.— 
+ 

—1> 

7 CR, 

E IZI 

5 :1. 

°III> 

Ut.U.SI.r 

.10 . 

..... 
+ 

...0 O .... 

S
D
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I
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a
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608 IND USTRIAL ELECTRONICS 

THYRATRON AND IGNITRON CONTROL PRINCIPLES 

(e) E cc 

Circieits 4›. stopping Ihe conduet1/4 0 oP 
tengratronS Operating on Z). C. 

o 

eP 

Ec4 

SCALE: Eg = 
Ep loov/in 

coroucrson STARTS AT 
0 »PROF. 0° ON E p WAVE 

g:Eg E C6 MAX 

CONDUCTION STARTS 
Ar 9o. ON Ep WAVE 

_ Ey < ECG 
NO CONDUCTION 

Diagram shordh,g coniroi ola. thyratron àq 
varying Me amplitude oe Me D.C. Vo/tage 
Its grid. 

e e9At 

7' '. s's 
Ep ep 

s A DC 
fiEej 

eg AC 

ScALE.. Eg= to v/iN 
Ep .= /ea v/hy 

Conraos.. op A reyaAreoN BY VARYING Pit AMPLI ru De 
OF TNE DC GRID VOLTAGE UPON WHICH IS 
SUPERIMPOSED A PNASE —SN/FTED 

Cirew.e; shosvmq a thyratron operabnq relay, 
a grid resistor, shock-over rapac,tar 
and a recrox bias Supp/y are u-sed 

control thyrafron - À y /0ha se 
Shifting rite A •C. grid voltage 

•d-

Ge.al Confiw 
Circuit 

AC. 

s 

(b) 

Cireaià For phase -5 hi'ît-ing 
an A.C. VoH-age 

(From Westinghouse electronic engineering notes) 
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INDUSTRIAL ELECTRONIC APPLICATIONS 

NEATER 
I I, 

OVEN I I 

TEMPERATURE SENSITIVE 
RFSI STANCE UNIT 

OVEN 

I 

, TEMP "*. 
I SENSITIVE 

I I RESISTANCE 

I I 

I _ 

I I 

I I 

I I MOTOR -G 
NEATER 

---

To 

Oven heat control using thyratron tube. At 
left above the unbalanced bridge has arm R 
exposed to heat, and arm B adjustable for 

temperature. Lower temperatures cause 
bridge transformer to apply grid voltage 

for breakdown, and conduction through heater. 
At right, motor driven voltage divider con-
trols pulses of heating. Drawings are from 

"Electronic Industries" magazine. 
HIGH 

Illitron high-frequency induction heating 
with re-matching of general and load imped-

ances above temperature at which metal loses 

its magnetic properties. Circuit is push-
pull modified Hartley operating at frequency 
of aprroximately 2 megacycles. Heater coil 
is tapped into only a portion of the tank 
circuit, with tapping automatically changed 

during heating cycle to effect re-matching. 

General Electric battery charger 

using phanotron rectifier tubes, for 
batteries operating at 120 volts or 

higher. Voltage regulating relay 

has feedback circuit through satur-
able reactor. Relay coil is con-

nected across d-c output, opening 
and closing the relay contacts with 
changes in battery voltage. Current 

limit rheostat determines voltage at 

which relay opens and closes its 
contacts. With contacts closed, d-o 

current flaws through reactor to in-
orease voltage on transformer pri-

mary and increase current furnished 
by rectifiers. 

Current 
II flIt 

rheostat:" 

Cu 
rectifiet 

Saturable 
re.actor 

•  

A-c 
supply 

LOA D 

REMATCHING RELAY 

LOW 

TAN,( CIRCUIT 

GROUNDE 
CENTER 
TAP 

CUT -OFF 

BIAS RELAY 

itt //I/ 

Spring 

r\-;)Battery 1- 1 
load 1_1 

voltage 
regulator 
rheostat 

Filament 
Anode   transformers 

transformer 

 ® T 
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WESTINGHOUSE RADIO-FREQUENCY GENERATOR 
FOR INDUCTION HEATING AND DIELECTRIC HEATING 

Plate Transformer 

\‘i 

Ploie Power 
Contactor 

Filoment 
Transformer 

Blower 
Motor 

AB De•ron 

Breaker 
Filter 
Choke 

—"DOD 

Power Output 
Adjusting Capoc to' 

L oar! 

Matching 

ndu:10nCe 

•  

Tuning 

Capacitor 

Filament Power 

Air Temperature 

Switch 

Control Circuit 

Power Contactor 

Bleeder 
R ens? or 

DC Blocking 
Capacitor 

QUO, 
 '0 0 Cf0 ̀-• 

Rectified Time 

Delay Relay 

Automatic Timer 

High Voltage Plate 

Tronsformer Contactor 

"Monuol- Automatic-

Control Switch 

High Voltage Plate 

Tronsformer Contactor 

Local "Start" 

Push Button 

Remote -Store 
Push Button 

Filter 
Copacrtor 

Plate 
Overload 
Relay 

Plate 

Ammeter 

R r 
Plot' 
Choke 

Oscillator 
Jbe 

id Resrsto• 

Gr ,d Overload Relay 

Gr.d R F 
GroJndrng 
Copor:it or 

Jumper 

Start Stop 

Control Circuit 

Power Contactor 

Air Temperature 
Swot ch 

Transformer 

Rectifier Time 

Delay Relay 

DC Grid Current 
Overload Relay 

DC Plate Current 
Overload Rit;oy 

Door Interlock 

Switches 
Stop 

" Stop 

Posh Button 

Remote -Stop" 
Push Button 
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WESTINGHOUSE MOT-O-TROL method of securing stepless wide-

range d-c motor speeds from an alternating current source. 

POWER 

TRANSFORMER 

(Separate Mounting) -0-

6-D go 

SULU, 

PUSH BUTTON 

SPEED CONTROL 

STATION 

D C SHUNT MOTOR 

ear 

c. 

'MOM?  

11 
p n, 
c-1 r, 

A
0000_  .' 

E4) \ ,-, e g 
cl..-7 

_ 
Y' z r 2) 

il n ii 
» 

¡.• 
8
3
,
1b
10
.1
SN
Vt
il
 
2
1
3
M
O
d
 

The incoming a-c power is converted to direct current by thyratron tubes. These 

supply the direct current to armature and field circuits of the d-c driving motor. 

A potentiometer in the control station varies the voltage of the rectified direct 

ourrent supplied to both armature and field circuits by shifting the phase of the 

grid control voltage of the thyratrons. Both armature and field circuits (which 

control the entire speed range possible) are controlled by the one dial on the 

control station. Some stations provide two dials, for forward and reverse 

The left-hand diagram shows the elementary principle. The right-hand diagram is 
a schematic of the power circuit. Power from the a-c line is rectified by two 
672 tubes and supplied to the motor armature through a reversing contactor. Two 
627 thyratrons supply rectified voltage to the field of the motor. 



612 INDUSTRIAL ELECTRONICS - WELDING 

WESTINGHOUSE RESISTANCE WELDING 

WELDING 

MACHINE 

TRANSFORMER 

POINTED 

ELECTRODES 

BUTT WELDING SEAM WELDING SPOT WELDING 

WELDING 

mACHINE 

TRANSFORMER 

PROJECTION WELDING 

WELDING 

MACHINE 

TRANSFORMER 

AIR 
PRESSURE 

WELDING 

MACHINE 

TRANSFORMER 

Various types of resistance welding machines with the forms of their welding 

electrodes and cross sections of typical welds. 

Spot welding is performed using stud-type electrodes with small area tips which 

concentrate both pressure and current for welding metal sheet or other semi-

flat structures. 

Projection welding is essentially a form of spot welding utilizing a similar 

machine but having flat or die-type electrodes. Parts to be welded have small 

projections already formed on surfaces to be joined. Heat is concentrated at 

these projection points, making a series of individual spot welds simultaneously. 

Butt welding is similar to projection welding except that no projection is 

raised on either part. Die-type electrodes are used to hold the work which is 

pressed together and welds at the point of contact. Butt welding is used for 

rods, lengths of pipe, handles on pans, and similar work. 

Seam welding sometimes is called stitch or roller welding because it consists of 

a long series of spot welds made in rapid succession with wheel-type electrodes. 

It is of particular value in joining parts where a continuous tight seam is 

required. 

Principal parts of 
resistance welding 

machine. 

PRESSURE 

HEAD 

ELECTRODES-
WORK 

ELECTRODES-

FOOT 

u 

HEAVY FRAME 
1 

WELDING 

TRANSFORMER 
TIMING 

POWER 

II  

1-PHASE 

A C LINE 

CONTACT 
CURRENT 

(HEAT) 

CONTROL 
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WESTINGHOUSE RESISTANCE WELDING 

L, 

TIMER 

L, 

MECHANICAL CONTACTOR 

AND TIMER 
TUBE CONTACTOR AND 

TUBE TIMER 

ANODE • CONTACT 

TIMER 

CATHODE • CONTACT 

Left-hand diagram shows mechanical contactor and timer as used for resistance 

welding without electronic control. At the right is the equivalent electronic 
control in which the ignitron takes the place of the large contactor and the 
thyratron circuit replaces the timing relay. 

3 PHASE 

A. C 

SUPPLY 

WESTINGHOUSE 

RECTIFIER 

AND 

COMPLETE 

CONTROL 

•  

TO VOLTAGE SERIES IGNITRON 

LIMITING CONTROL TLBE CONTACT 

1 CAPACITOR BANK 

Capacitor System 

ELECTRODE 

ELECTRODE 

WELDING TRANSFORMER 

Capacitor energy-storage system. Energy from 3-phase a-c line is rectified to charge 
the large capacitor bank. An electronic voltage limiting device stops the rectifier 
charging when a predetermined voltage setting is reached. This charge is kept in the 
capacitor bank until operator closes the initinting switch to make a weld. This fires 
the series ignitron to discharge the capacitor through the welding transformer. 

3 PHASE 

C 

SUPPLY 

WESTINGHOUSE 

IGNITRON 

RECTIFIER 

CURRENT LIMIT 

RELAY 

CONTACTOR 

WELDING 

TRANSFORMER---

Magnetic System 

— 1 

ELECTRODE 

L' 

ELECTL;sÓDE 

SClAKY WELDER AND CONTROL 

Magnetic energy-storage system. D-c power for welding machine is furnished by the 

ignitron rectifier. Electrodes are closed and apply pressure to the work, and the 
contactor is closed. Current builds up in primary of welding transformer to value 
for which limit relay is set. Contactor then is opened and rapid decay of current 

in transformer primary causes high inductive current in secondary to make the weld. 
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WESTINGHOUSE RESISTANCE WELDING 

Principal elements of a resistance 
spot welder. 

A, frame supporting high-current 
transformer. 

B, pressure head for electrodes. The 

pressure in some oases is rapidly 

varied between two values, allow-
ing a squeeze pressure before 
welding and a forge pressure 
after welding. 

C, electrodes of copper or copper 
alloys, usually water cooled. 

D, controls for various steps of the 
welding process. 

Synchronous weld timer. Ignitrons 
omitted from diagram for simplicity 

and two thyratrons in series with 
primary of welding transformer are 
considered to carry welding current. 

Conditions just before operation, 
with no tubes conducting. Anode 
circuits are open on tubes TU1 and 
TU2. Grid of TU3 is negative by 
amount of voltage across R4. TU4 

has negative grid bias. Peaking 

transformer is in series with grid 

of TUl. 

Synchronous weld timer with heat 
control. Ignitrons omitted for 

simplicity. Intermediate heat tube 
controls firing thyratrons which, in 
turn, control ignitrons. Heat 
control regulates magnitude of cur-
rent in welding transformer 

A D 

II  
SWITCH 

CURRENT 
HEAT 

CONTROL 

 o 
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WESTINGHOUSE RESISTANCE WELDING 

Capacitor discharge energy storage 
system of resistance welding. This 
diagram shows transformer connections 

between a three-phase supply line and 

the three-phase rectifier furnishing 
high voltage for charging the capa-
citor Cx, and shows also the circuits 

which control the rectifier output. 
Tubes 1, 2 and 3 conduct in series 
with tubes 4, 5 and 6 respectively. 
Tubes 4, 5 and 6 are controlled by 

a-c voltage from transformers T10, 
TO and T30 applied in the grid cir -

cuits. This a-c grid voltage is in 

series with d-c voltage from ampli-
fier circuit containing tubes 7 and 8. 

Discharge circuit of capacitor energy 

storage system. There are two sets 
of "series" and "shunt" ignitron 
tubes and thyratron firing tubes. 

Controls in the sequence timer dis-
charge the capacitor bank alternately 
through series tube 1 and series tube 

5 to reverse the polarity of dis-
charge current on successive welds. 

Magnetic energy-,storage resistance 

welding system 

Top 

RECTIFIER 
AND CHARGE 
CONTROL 

3-PHASE 
SUPPLY 

4 

PNEUmA-nc INTERRUPTER NO. 1 
CONTACTOR   

CAPACITOR 

CURRENT RELAY -I.  411e----* 7 INTERRUPTER NO. 2 

3-PHA SE 
HALF WAVE 
RECTIFIER 

80-155 V. D. C. 

130 VOLT 
AUXILIARY 
RECTIFIER 

R3 

4 

2ca 

DC 

VOLTAGE 
DIVIDO2 

TO 
DISCHARGE 
CIRCUIT 

ENERGY 
STORAGE 
REACTOR 

JUMPER 

ANTI-PREHEAT 
IGNITION 
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WESTINGHOUSE INDUSTRIAL X-RAY EQUIPMENT 

POV/11 uivici 

0000 0o o CONTROL 

o 
TRANSFORMER - RECTUM 

TIM SYMMS 

OSJECT IMO 

X• RAY/0 

CAT14001 

X • RAY TU1R 

The following notes apply to the diagram of Westinghouse X-ray apparatus 

shown on the adjacent page. 

The anode of the X-ray tube is connected to the positive side of a half-

wave rectifier consisting of tubes TU3 and TU4 connected in series with each 

other and the anode-cathode path in the X-ray tube. In series with this 

circuit is the milliammeter MA for indicating the anode-cathode current. One 

side of the X-ray tube cathode is connected to the negative side of the 

rectifier system. 

Voltages and currents suitable for the varlous circuits are furnished from 

the auto-transformer which is connected to the incoming line. One of these 

circuits goes to the primary of the high-voltage transformer T3 whose second-

aries are in the rectifier circuit. The high-voltage primary circuit is 

completed through the step resistor R10. To begin an exposure the motor-

driven timer is placed in operation to actuate the relays which close the 

primary circuit first through the entire resistor and then successively out 

out the sections within a fraction of a second. This applies anode-cathode 

voltage to the X-ray tube from the rectifier system. At the end of the time 

for which the timer has been set the relays are dropped out to cut off the 

high voltage and end the exposure. In the primary circuit of the transform-

er whose secondary heats the filament-cathode of the X-ray tube is the 

stabilizer which regulates filament temperature. The stabilizer is control-

led by voltage in the anode-cathode circuit and acts to compensate for volt-

age variations by simultaneously varying the filament-cathode current and 

electron emission in the X-ray tube. 



INCOMING 

LINE FROM 

100-140 V 

OR 

E00- 240 V 

o 

10 VOLT 
STEPS 

10 

20 B 
30 

SI 

•  

• I  

a t o 

I‘• C r  D 
• 

A 

I VOLT C  
STEPS 

-140 

7 

Cs 

SMALL ADJUSTMENT 

 • OF -RAY KV 

o 

 • 

7-

 • 
LANG 

or 

••••• 

hi 

RELAYS 

ADJUSTMENT 

X- RAY KV 

 o • 
ON 

DIAL ° NORMALLY OPEN 

UNHT 

L, 

ne.,vVvV, 

Of F 

NORMALLY CLOSED 

AUTO TRANSFORMER 
AND CONTROL 

VVVVVV 

CONTACT OPENED 

SY MOTOR DRIVEN 

GEARS. H--TIMER 

HIGH VOLTAGE TRANSFORMER AND RECTIFIER 
1 

 _ _J 
X-RAY TUBE 

STABILIZER 

S
D
I
N
O
I
L
L
D
3
r
l
a
 
I
V
I
I
I
I
S
f
1
C
I
N
I
 

1-‹ 
cn 



I 

618 ELECTRONICS — PHOTOCELLS 

BRADLEY "LUXTRON" PHOTO-ELECTRIC CELLS 

INSTRUMENT 

TYPE 

RELAY 

POWER 

RELAY 

SENSITIVE 

RELAY 

6 V MAX 

POWER 

RELAY 

P
E
R
C
E
N
T
 
I
N
I
T
I
A
L
 
C
U
R
R
E
N
T
 

101 

100 

99 

98 

97 

INPUT 

TRANSFORMER 

HIGH GAIN 

AUDIO 

AMPLIFIER 
OUTPUT 

FOR USE ON INTERRUPTED 

OR 25-60 CYCLE LIGHT SOURCE 

FATIGUE 

ROUND 
ILLUMINATION 

CHARACTERISTICS 

CELL (MODEL IA) 
300 FT 

I I I 
rESIISTICE:16 

C 

tEXTERNAL 
I 

0 OHMS 

ligg)(rfRei 

h---tiLargaLetreariO 
1 1 

011.-

1 

O 10 20 30 40 

TIME: MINUTES 
50 SO 

POTENTIAL-ILLUMINATION CHARACTERISTICS 

This graph shows the open-circuit 
voltage, which is independent of 
the active area of the cell and 

which varies with the intensity of 
illumination. 

RELATIVE SPECTRAL RESPONSE 

This graph compares the response 
of the photo-electric cell with 
that of the average human eye to 
visible light and, for the cell, 
shows response in the near ultra-
violet wave lengths. 

PHOTOCURRENT CHARACTERISTICS 

One graph applies to a round cell 
having active area of 1.75 sq. in. 

and the other spplies to a rectan-
gular cell having active area of 

0.70 sq. in. When light falls on 
a photo-electric cell a current is 
generated. The magnitude of this 

current depends on the external 

circuit resistance or resistance 
of the measuring instrument, on 

the intensity of illumination, and 
on the active area of the cell. 

FATIGUE CHARACTERISTICS 
The term fatigue refers to an 
initial inherent drift in the 
current output of photo-electric 
cells when they are exposed to 
light. When illumination is re-

moved the cell regains its ori-
ginal characteristics after a 

short period of recovery. There 
is no permanent fatigue. There 

is some variation in the fatigue 
characteristics of cells of the 
same type. 
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PROCEDURE FOR SELECTING COMPLETE PHOTO-TROLLER EQUIPMENT 

1. Measure the distance between Photo-Troller and light source on 
your proposed installation. 

2. Refer to charts below or on page 7 and select Photo-Troller 
type based on distance between light source and phototube; also 
on service required. 

3. Check the specification of the type chosen (pages 4 to 11) to deter-
mine if it is suitable for the following variables. 
A. Sufficient interruption of light beam necessary for maximum 

operatino distance as explained in paragraph under Contactor 

or Load Relay. Ratings are based on complete interruption of 
a visible light beam under ideal conditions. 

B. Speed of operation. See paragraphs under Speed of Response 
and Operations per Minute. 

C. Operating conditions such as temperature, dust and weather 
conditions. See general description. 

D. Space for mounting the light source, phototube housing and/or 
Photo-Troller. 

Style Numbers Include All Components Shown in Chart 

INCLUDING LIGHT SOURCE—Measure Distance and Select Control Here STYLE NUMBER 

WITHOUT SEPARATE PHOTOTUBE HOUSING 
" UP TO 8 FT.  

   jPHOTO-TROLLER jPHOTO-TROLLER 1183 191 

PHOTO-TROLLER 
1'2" LENS 3" LENS 

LIGHT UP TO 28 FT. 

SOURCE 
ml 1183 192 

TYPE 
F-1 < 3" LENS WITH SEPARATE PHOTOTUBE HOUSING 

WITH UP TO 11  FT. PHOTO-TROLLER 
PHOTO-TROLLER 1183 193 TRANS- AND PHOTOTUBE AND PHOTO-TUBE 

FORMER HOUSING-11/2' LENS HOUSING 3" LENS 
112 LENS UP TO 28 FT 

II 
1183 194 

' 3" LENS 8 FT. 11 FT. 28 FT. 
DISTANCE BETWEEN LIGHT SOURCE AND PHOTOTUBE * 

USING YOUR OWN LIGHT SOURCE—Measure Light Intensity at Phototube Location 

WITHOUT SEPARATE PHOTOTUBE HOUSING 
, 

FOR 40 FT CANDLES 
  • PHOTO-TROLLER • PHOTO-TROLLER 1183 188 

OR MORE PHOTO-TROLLER 

LESS THAN 40 but AT LEAST 8 FOOT CANDLES 3" LENS 

. 111 
1183 196 

YOUR 
OWN WITH SEPARATE PHOTOTUBE HOUSING 
LIGHT 1  

PHOTO-TROLLER 1183 189 
SOURCE FOR 20 FOOT CANDLES OR MORE AND PHOTOTUBE PHOTO-TROLL ER 

AND PHOTO-TUBE HOUSING-1 1/2 " LENS 

LESS THAN 20 but AT LEAST 8 FOOT CANDLES HOUSING 3" LENS 

I I 1 le 

1183 190 

40 20 8 
FOOT CANDLES AT LOCATION OF PHOTO-TROLLER OR PHOTOTUBE HOUSING * 

* The maximum operating distance is reduced to one-third of above distances when a 10% transmission light filter is used. 

WESTINGHOUSE ELECTRIC CORPORATION 
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TYPE RX SERIES FOR INDOOR AND OUTDOOR USE AND RR 5 
All Types Require a Light Source 

FOR INDOOR USE TYPE 

LIGHT 
SOURCE 
TYPE F 

OR 
TYPE D 

TYPE I. 
Pulsating 

light 

LIGHT 
SOURCE 
TYPE F 

OR 
TYPE D 

WITHOUT SEPARATE PHOTOTUBE HOUSING 
UP TO 20 FT 

PHOTO-
TROLLER 

OVER 20 FT AND UP TO 40 Ff 

UP TO 225 FE 

PHOTO-
TROLLER 

20 FT. 40 FT. 

PHOTO-
TROLLER 

225 FT. 
DISTANCE BETWEEN LIGHT SOURCE AND PHOTOTUBE * 

WITH SEPARATE PHOTOTUBE HOUSING 

OVER 20 FT AND UP TO 40  

UP TO 20 FT 

AND PHOTOTUBE T 
PHOTO-TROLLER 

1111 PHOTO TROLLER 
AND PHOTO-TUBE 
HOUSING 

20 FT. 40 FT. 225 FT. 
DISTANCE BETWEEN LIGHT SOURCE AND PHOTOTUBE* 

TYPE RX for instantaneous operation 
or 

TYPE RX-T for TIME DELAY before operation 

TYPE RX-1 for instantaneous operation 
or 

TYPE RX-1A for instantaneous operation when 
light change is abrupt 

TYPE RX-2 for long range applications or 
where unit might be affected by extraneous 
steady state light 

Type J Light Source and Type D Phototube Housing may 

be used for applications where distance between light 
source and phototube housing is 2 inches or less. 

TYPE RX for instantaneous operation 
or 

TYPE RX-T for TIME DELAY before operation 
Phototube housing Type A or B 

TYPE RX-1 for instantaneous operation 
or 

TYPE RX-1A for instantaneous operation when 
light change is abrupt 

or 

TYPE RR-5 for HI-SPEED LOCK-IN operation 
Phototube Housing Type A or B 

FOR OUTDOOR USE—OR ADVERSE INDOOR CONDITIONS 

LIGHT 
SOURCE 
TYPE E 

TYPE I. 
Pulsating 

light 

UP TO 30 FT 

PHOTO-
TROLLER 

UP TO 225 FT. 

PHOTO-
TROLLER 

30 FT. 225 FT. 
DISTANCE BETWEEN LIGHT SOURCE AND PHOTOTUBE * 

TYPE RX-3 for instantaneous operation 

TYPE RX-2 for long range applications 
or 

where unit might be affected by extraneous 
steady state light. 

Type 1 Light Source and Type D Phototube Housing may 

be used for applications where distance between light 

source and phototube housing is 2 inches or less. 

* The maximum operating distance is reduced to one-third of the above distances when a 10% transmission light filter is used. 



622 ELECTRONICS - PHOTOTUBES 

CETRON PHOTOTUBE CIRCUITS 

A-c operated two-stage phototube 
relay. Capacitor Cl is load for 
phototube, being charged during 

half-cycle in which anode of 
phototube is negative, and dis-

charging through phototube during 

opposite half-cycle. Amount of 
discharge determined by light and 

controls grid voltage on 6J7 tube. 
High sensitivity of circuit makes 
it necessary to guard against 
leakage current on phototube. 

Circuit for matching of colors, 
candlepower, turbidity, etc. 

Phototube CE-31V is load for tube 
CE-11V in series. If either re-
ceives more light than other its 
resistance decreases and changes 

the voltage distribution. First 
short the pentode grid to its 

cathode and adjust P2 so micro-
ammeter less than full scale. Re-
move short and adjust P1 with 

nhototubes dark to make meter 
read midscale. Expose one photo-
tube to known illumination and 
adjust illumination on other 

until meter again reads midscale. 
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Photometry (light measurement) circuit, 
using null method. Adjust bias of 
right-hand pentode until galvanometer 

reads zero with phototube dark and 

switch at P2. This compensates for 
possible phototube leakage. Set switch 
at P1 and expose phototube to the test 
lamp. Adjust pointer of potentiometer 
R until galvanometer again reads zero. 
Reading on voltmeter is a direct mea-
surement of light flux from test lamp. 
Voltmeter can be calibrated to read 

lumens or candlepower. Galvanometer 
may be replaced with electronic volt-

meter for greater sensitivity. 

CE-fly 

4i 

:H1 1111111 - 

e)- /00 

a 
Type 
3, 

— 225v 

4 v. 

 T-

/0- CV 

MEG 

—wvvvo"..tfie 

/0, 0001, 

41,,,51,N6 
1,43 

7591-

45".. 
,f,=_ 

- 
Z4 v 



R6  

1'051 

A-c operated photo-relay. Relay current increased 
by incrse,se of illumination. R5 selected to limit 
current through relay. Cetron phototube. 
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A-c operated photo-relay. Relay current increased 

by decrease cf illumination. Cetron phototube. 
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Phototube control of lamp. Lamp lights as illumi-

nation increases. G-M phototube. A-c operation. 

PHOTOT UBE 
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CLOSED 
CONTACTS 

NORMALLY 
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CONTACTS 

43-AMPLIFIER 
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Thototube control of lamp. Lamp lights as illumi-

nation decreases. G-M phototube. A-c operation. 
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CE-3 

°I) 

e go v MAX. 

0.2.5-,d41 

2,mf 

TrPe' 6./5 

o. 025#f 

ereAfAWarge 

Tree été 

Ovraer 

/fa e - 1250v -t35.0v 

Simple circuit for sound-frequency reproduction. Approximate values for 
resistances and capacitances. Cetron phototube. 

.c.35.FD 

TO p,ACIER 

OR 

NEXT STAGI 

Battery operated preamplifier 
for sound frequencies. 
Visitron phototube. 

Battery operated single-stage 

photo-relay with relay current 
increasing with increase of 
illumination. Visitron photo-
tube. 



ELECTRONICS - PHOTOTUBES 625 

WESTINGHOUSE ACR055 THE LINE STARTER WITH PHOTO CELL CONTROL 

PHOTO-CELL CONTROL 

In the operation of electrical equipment there are many situations where direct electrical 
connections between the operating apparatus and the point of control is undesirable, it is 
under such circumstances that photo-cell controls are frequently used, and this job demon-
strates such an application. When considering the operation of such controls, it will aid 
the understanding to think of the photo-cell merely as a light-operated switch - as a 
switch which completes a circuit whenever a sufficient quantity of light falls upon it. 

The control shown above employs a Type 83 tube as a full-wave rectifier to supply the nec-
essary D.C. voltages, a Type CE-1C Cetron photo-cell tube as the light-operated switch, a 
Type 56 tube to amplify the minute current carried by the photo-cell, and an FG-17 
Thyratron tube to complete or interrupt the circuit for the power relay "P". The Thyratron 
is a mercury-vapor, grid-controlledtube of relatively high current carrying capacity. The 
photo-cell is equipped with a centrally-located anode, and a caesium oxide-coated cathode 
which has the characteristic of emitting electrons wherever light falls upon it - these 
electrons constitute the photo-cell current 

When a beam of light falls on the photo-cell cathode, the positively charged anode (85 
volts D.C.) attracts the emitted electrons and the tube conducts a current of about 100 
micro-amperes which, flowing through resistor "R", raises the potential of grid of the 
56 tube, causing its plate current to increase, and the increase in current induces a 
voltage in the secondary winding of coupling transformer "T" which drives the grid of the 
Thryatron more positive, with the result that it conducts and allows current to flow 
through relay "P". The relay contacts close and complete the circuit for magnet RN" which 
operates the controller. 

When the light beam is interrupted, current ceases to flow through the photo-cell and 
resistance "R", with the result that the potential of point "E" falls, there by reducing 
the plate current of the 56 tube. This reduction in current induces a voltage in the 
secondary winding of the coupling transformer of a polarity opposite to that produced be-
fore, and by lowering the negative potential on the grid, enables the tube to regain con-
trol and de-energize "P". Contacts "G" open the main controller contacts drop out to stop 
the motor. 
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THE CUTLER %AMMER MPS. CO. 

AUTOMATIC COMPENSATOR 
MAI.. 10 H.?. 2.1 AMP. 

NO. 941.11FE8A TTPE"A" 
t 10 VOLTS 6,0 CYCLE . 

PHOTO ELECTRIC CELL 

—11 

23,000 R. CONTROL FILAmtsT TRANI 

POWER 
RELAY 

CuT-oUT W. _ 
OPERATION 

116.11 SouRCE 

(1) Light causes photo-cell to conduct permitting 
current to flow ae shown by open arrows. 
(2) Voltage drop across 1 meg. resistor makes grid 
"G" more positive and increases plate current of the 
37 tube. This circuit is traced in closed arrows. 
(3) Increased plate current operates relay "R" whose 
contacts energize the power relay. 
(4) Power relay contacts cloee and actuate the mag-
net on the motor starter. 

Variable resistor "V.R." is used to adjust the value 
of the plate current so that the relay "R" will not 
operate when the photo-cell is dark. 



MASTER INDEX 
The Master Index is furnished for your convenience in locating the Shop Prints and trouble 

shooting information you want. Subjects are arranged alphabetically like a classified telephone 
directory. It has been cross-referenced wherever possible to further simplify and speed up the 
location of technical material. Use this Index often--it saves time for you. 

Ac-dc ammeter, circuit for  15 
motors, series 231-234 

Across-the-line starter, see Starter, line 

Advance wire, properties of  67 
Allen-Bradley starters, a-c compensator 

 430 
a-c line   388, 389-391 
d-c carbon pile   475 

Allis-Chalmers circuit breakers ....357-358 
meter switching 20-23 
starters, a-c combination  401, 404 

a-c line  392-393 
a-c reversing 415 
d-c magnetic 473 

Allis Company, Louis, see Louis Allis 
Aluminum wire, current capacity of   88 

dimensions and weights   72 
properties of  67 
resistance tables for 71-72 

Alternating current formulas   11 
generators, see Generators, a-c 
motors, see Motors, a-c  
principles of  1-4 
switchboard diagram  542-543 
voltmeter circuits 15-16 

Ammeters see also  Meters  
ac-dc, circuit for  15 
switching for  20 
Symbols for  73, 80, 83 
tests with  61 

Ampere, definition 9 
Amperes, formulas for   10, 12 
Amplidyne generator 549 

uses of 139 
Amplifier, sound, phototube pickup 624 
Analyzer, industrial  19 
Annunciator systems  603 
Arc blowout coils 380 

boxes 380 
furnace control, Regulex  507 
rectifiec, mercury 573, 575 

Areas, measurement formulas for  12 
Armature coil forming  341-342 

connections, d-c motor   329-330, 334 
equalizer connections 339 
growler construction   39-40 

tests with  41 
tests with meters  42-43 
windings, d-c generator   553-558 

d-c motor  344-353 
tools for 343 

Asbestos covered wire, dimensions of 69 
Automatic Electric telephone circuits  

 588-590 
Auto-transformer circuit breaker  355 

connections  105-106 
phase transformation with  109 
starters 429-439 See also Starters,  

compensator 

Bare conductors, current capacity of 88 
diameter and area of .68 

Battery charging rectifier   609 
symbols for  73, 81, 82 

Bearings, ball, lubrication of ...158, 160, 562 
motor and generator, troubles with 

 165-168 
ring oiler, lubrication of   160 
sleeve, lubrication of  157, 159, 562 

Bellone intercommunication systems 
 593 -596 

Bell Sound Systems, intercommunication 
 593-596 

Bells, polarized   581 

signal, power for 604 
vibrating, tests with 59 

Belt pulleys, size and speed for  142 
Blowers, power for, formula  12 

Blowout coils 380 

principles of  474 
Bogen intercommunication systems..597-599 

Booster transformer connection 103 

Boxes, arc 380 
Bradley cooper-oxide rectifiers 577-579 

photocells, characteristics of  618-619 
Brake, dynamic, drum controller for 

 495, 496, 498 

magnetic control of 468, 470 
principles ol  481 
starters with  481-485 

magnetic, capacitor motor with  218 
motor, a-c  258 
power measurement with   37 

Branch circuit, motor, protective device 
capacities for   178-181 

Brass wire, properties of 67 
Breakers, circuit, see Circuit breakers 
Brown-Brockmeyer motor, three-phase.  278 
Brushes, fitting of  151 

installing  153 
kinds of  149 
maintenance of  561 
position of 151, 152 
neutral test for 169 

sanding of   153, 154 
selection of  149-150 
setting of  151-153 
spring pressure for 154 

Building, light and power circuits for. 89-101 
wiring, diagrams   96-97 

tests of 57 
Bungalow wiring  94-97 
Buzzers, signal, power for  604 

tests with 59 

Cable, see also Wire 
current capacity of conductors in 68 
data, general   66-72 
number in conduit  69 

Call bell systems, annunciator 603 
Capacitor, energy storage welding ..613, 615 

motors   195-223 
characteristics of.... 128, 135, 197-198 
diagrams for  199-221 
explanation of   195-198 
reversal of 174 
speed control of 379 
synchronous 307 
terminal marking standards for 222-223 
uses of  134, 141, 195, 197 

Symbols 74, 81, 83 
Capacity meter, circuit for   15 

reactance, explanation of  3 
Carbon pile starter, a-c  407-410 

d-c  475 
Carthweise switch connection  91 
Cathode-ray oscilloscopes  24-32 

tubes  605, 606 
Cells, photoelectric, characteristics of, 

 618-619 
centigrade temperature to Fahrenheit. 13,175 
centrifugal starting switch, motor   182 
Century motors, a-c, capacitor 199-202 

a-c multi-speed,   243-245 
a-c polyphase  241-245 
a-c repulsion-induction   230 
a-c single-phase  186-187 
a-c squirrel cage,  241-245 
a-c three-speed 423 
d-c types of 321 

Changer, frequency 569-570 
Charger, battery rectifier type  609 

Choke coil symbols 74, 79, 80 
Circuit breaker 354-368 

control switches for 357-358 
motor circuit  175-181 

motor, capacities for  178-181 
reverse current 356 
symbols for  79-81, 83, 89 

diagrams, building  96-97 
explanation of 77 

open, locating 49-52 
parallel, tests of 63 
parts of  45 
short  47 

locating 52-54 
tester, industrial   19 

types of 48 
tracing of 65 
trouble indications  63 

Circular time base, oscillograph  27 
Clock motors, synchronous  305 
Closed delta transformer 105 
Coefficients of resistance, temperature...67 
Coil, armature, tests of 42-43 

blowout, principle of 474 
field, tests of 42-43 
forming of  341-342 
symbols for  74, 79, 80, 83 
Tesla  125 

Color matching, phototube  622 
Combination motor starters  401-405 
Common battery telephone 584 
Communication   581-604 

inter-   593-602 
Commutating field, generator 554, 556 

motor  344, 348-353 
Commutator, care of  155, 561 

cleaning  155 
neutral point location 151 
polishing  155 
stoning   155-156 
troubles with  155 
truing  155 
undercutting mica  155 

Compensator motor starter  429-439 
phototube controlled  628 

Compound generator 328 
windings for  553-556 

motor, characteristics of  128 
connections for  321, 344-353 
principle of   316, 319-320 
reversal of  174, 325 
reversing switch for 456 
terminal markings for 328 
windings and connections 

 322, 323, 344-353 
Conductors, see also Wire 

bare, current capacity of 68 
diameter and area of 88 

copper, current capacity of 88 
dimensions of  89 
Insulation effect on current capacity 68 
motor circuit  178-181 
number in conduit or tubing  66 
ohms per circular mil foot   67 
stranded, number and size of   66 
temperature coefficient of resistivity for 

 67 
temperature effect on current capacity   68 

Conduit, current capacity of conductors in 

dimensions of 
number of cables in 

88 
69 
69 

of conductors in   66 
space requirements for installing   69 

Connection diagrams, terminal markings for 
  88 

Connections. internal. testing  64 
Consequent pole wiidings   274-275 
Constant speed d-c motors   319 320 
Constantan wire, properties of   67 
Contactors, symbols for  80-83 
Contacts, care of   362-363. 381 

kinds of  381 
telephone relay   586 
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Continuity, tests for   65 
Control. electrical   354-540 

electronic, motor  811, 625. 626 
ignitron. principles of 608 
motor. see Controllers   
phototube, circuits for  622-626 
equipment selection for   620-621 

printing press 460 
Regulex   505-508 
Selsyn  374-376 
symbols for  377 
thyratron, principles of  608 

Controllers, see also Starters 
a-c types  386-452 
contacts for  381 
d-c types 453-508 
drum, principle of  490 

speed r ontrol, a-d   427 
wound rotor ;:ontrol  441, 443, 445 

electronic  611, 625, 626 
explanation of 377-385 
four-speed a-c 427 
governor type speed   378 
inching, magnetic  .382, 468 
inspection and tests for   .170 
interlocking  383-384 
magnetic, principles of 467-470, 472 

selection according to motor ....130-131 
multi-speed a -c  422-428 
plugging switch   385 
principles of  377-381 
push-button   382-385 
reversing, a -c  . 415-421, 445, 447 
d-c drum 493, 494, 496-498, 500, 501 

speed, fractional horsepower 378-379 

three-speed a-c  423 
troubles with 380-381 
two-speed  422, 424-428 
variable voltage d-c  502-508 
wound rotor  440-447 

reversing   445, 447 
rheostat type 444, 446 

Conversion factors  10 
Converter, frequency   569-570 

control of  562 
phase  571 
rotary  561-568 

filter for  563, 565 
principle of 573 

reversal of rotation. 87 
terminal markings for 85. 566-568 

synchronous, see Converter, rotary 

Copper-oxicie rectifiers 575, 577-579 
wire, current carrying capacity  68 
dimensions and weight of  72 
ohms per circular mil foot of 67 
resistance of 68 
temperature coefficient of resistance 
  67 
voltage drop in 11. 70 

Cord, telephone, construction of 588 
Cosecants, table of  2 
Cosines, table of  2 
Cotangents, table of 2 
Current, alternating, formulas for 11 

formulas for 10. 12 
meters, tests with. 61 
motor, full-load )75-177 

starting 132 
single-phase, formulas for  11 
three-phase. formulas for   11 

Cutler-Hammer starters. a-c compensator 
  431-432 

a• c line   394 
a-c resistance 411 
a-c wound rotor   443 
d-c rheostat  461 -463 
d-c time limit, 476 

Cycle, explanation of 1 

D 
David Bogen intercommunicaUon systems 
  597. 599 
Delta motor connections 287-288 

transformer connections 104-105, 112-114 
Diagrams, see under name of part wired. 

conne -tion, terminal markings   88 
kinds of  77 

Dial telephone boxes  588-592 
Dielectric heating   610 
Differential winding. d-c motor 322 
Direct-current generators, see Generators, 

d-c 
motors, see Motors, d-c 
switchboard diagram   550-551 

Distribution system, power and light 123-124 
Dixie relay 359 
Drum controllers, principle of 490 

speed control  427 
wound rotor 441-443, 445 

switches, meter control .20-23 
motor reversing 420-421 

Drying windings, motor and generator,,. 161 
Dumore motor, universal series  234 
Dynamic braking, drum controller for 
 495, 496, 498 

magnetic control of  468, 470 
principle of  481 
starters with  481-485 

Dynamotors, uses ot 139 

E 
Electrical principles 1-13 
Electrolier switch, use of 90 
Electronic applications  505-617 

circuit symbols 607 
heating  610 
motor control  811, 625, 626 
principles  505-609 
symbols  605-609 
tubes  605 
welding control   612-615 

Energy, definition 8 
storage welding systems 613, 615 

Equalizer, d-c armature 399 
Equivalents, electrical, mechanical, and heat 
  10 
Estimating for wiring  94-95 
Exciter generator, d-c  557-558 
Excitron tubes 605, 607 

Factor, power, correction capacitors for 6 
explanation of 5 
measurement of  7 
surveys of   

Factors. conversion   10 
Fahrenheit temperature. to centigrade 
  13, 175 
Fairbanks-Morse motor windings  
 279-289, 300 .301 

starters, rheostat 455 
Fans, power for, formula 12 
Farm motors, uses of  141-142 
Field coil overheating  166 

tests of  43 
commutating. d-c generator 554, 556 

d-c motor 344, 348-353 
polarity, test of  168 
rotating magnetic  235-238 

Fleming's rule, motor rotation 312 
Foot-candles, values recommended 101 
Force, definition  8 
Fortescue phase transformation  106 
Four-speed motor connections 249. 2510255, 
  249, 251-255. 257, 289 

control for..   427 
-way switch, use of  90-92 

Frequency changer   569-570 
converter   569 -570 
explanation of  1 

Full-load currents, motor 175-177 
-wave rectifier, electronic  574, 576 

Furnace, arc, control for  507 
Fuses, motor circuit 175-181 
symbols for  79-81, 83 

G 

Gas-filled tubes, types of 605 
Gear motors, uses of   133 
General Electric motors. a-c 188-190 

d-c 322-323 

rheostats, d-c motor 455, 464 
wound rotor 444 

starter, a-c combination 402 
a-c compensator  433-436 
a-c line, magnetic  395-397 
a-c resistance   412 
a-c reversing  416-418 
a-c synchronous motor 448-451 
a-c two-speed 424-426 
d-c drum  499 
d-c dynamic braking 482-483 
d-c magnetic, accelerating   477 
d-c reversing, magnetic   485-487 
d-c rheostat type  455, 464 

General Radio Variac Transformers-121-122 
Generators  541-560 

a-c  541-544 
paralleling of 541, 544 
phasing out   544 
switchboard for  542-543 
synchronizer for 
synchronizing 
uses of 
voltage regulation 

Amplidyne 
bearings, see Bearings 
d-c  545-580 
A mplidyne   549 
circuit breakers for  355, 356 
compound  326 

windings for 553-556 
construction of  317-318 
exciter   557-558 

farm light, terminal markings   560 
interpole windings of   554. 556 
motor speed controlled with ...502-508 
paralleling of 547-548 
principles of  310-311. 545 

shunt   326 

switchboard for 550-551 
terminal marking standards for 559-560 

138 
546 
340 

309 
  544 

  139 
508 

  549 

uses of   
welding   
winding data sheet 

disassembling and assembling -.181, 163 
insulation test of  34 
overheating, causes for  166-167 
reversal of rotation  87 
symbols for  74, 79, 80, 83, 89 
terminal markings for  85 
welding type of  546 
windings, cleaning and drying   161 

German silver wire, properties of  67 
Glow tubes   605. 607 

Governor control, d-c motor   327, 378 
Grid glow tubes   605, 607 

Grounds, accidental   47 
locating   54-57 

transformer   112-115 
Growler, construction of  39-40 

tests with   41 

Half-wave rectifier 
Heat control, oven, thyratron for 
Heaters, range, circuits for  
Heating, dielectric   

electronic   
induction   

High-frequency coil. Tesla 
resistance, tests for   
voltage test set   

Horsepower, definition  9 
formulas for  10, 12 
motor rating by   126 
requirements   132 

House meters  98-99 

H 

574, 576 
609 
78 

610 
609, 610 
609 610 
 125 

52 
100 
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Ignitron control principles  608 
tubes  605, 607 

Illitron induction heating   609 
Illumination, standards of   101 
Impedance, explanation of   4 

meter, circuit for   15 
Inching control, motor  382, 468 
Indicating wattmeter  18 
Indicators, lamp, testing   57 

position   374-376 
Induction heating  609, 610 

motors, see Motors, a-c 
Inductive reactance, explanation   3 
Industrial Electronics 509-540, 605-617 
See also Electronic. 
Amplifiers, magnetic   521-526 
Calculation Chart for Power Tubes  530, 531 
Continuous Balance Unit   535-540 
Correction Controls  519, 520 
Generator Control   512 
Instrument recorders  535-540 
Magnetic amplifiers   521 -526 
Maintenance chart tube   532-534 
Metal Thickness Testing   516-518 
Motor Control   513 
Photoelectric Controls   521 
Power Tube Chart  528, 529 
Reactors, saturable   521 526 
Recorders, instrument   535-540 
Rectifier. Thyraton, Ignition Chart 530, 531 
Register controls 519, 520 
Regulators 
a-r motor. generator  512 
speed   512 

Saturable reactors   521-526 
Speed Control   512, 513 
Synchronizers   509-511 
Temperature recorder   539 
Thermocouple   540 
Thickness testing  516-518 
Timers   513-515 
Transformers. saturable   521 -526 
Tube maintenance chart   532-534 
Ultrasonics, basic ideas   516, 518 
Ultrasonic, testing   516-518 
Wall measurement  516-518 
Welding timers   513, 514 

Instrument rectifiers   15-16 
Insulation resistance measurement  33-35 

test of 33-35 
wire, current capacity affected by  68 

Integrating wattmeter, d-.c   18 
Intercommunication systems  593-602 
Interlocking pushbutton control   383-384 
Internal connections, testing of   64 
Interpoles, principle of   311 

winding, d-c generator   554, 556 
Iron vane meters  17 

wire, properties of  67 
Isolating gap, transformer   114 

Janette converters, rotary 561-565 
frequency changer   570 
motors, capacitor type  216-220 
d-c type  324-325 

Kellogg Masterphone telephone circuit 
 590-591 

Kenotron tubes   605, 606 
Kilovolt-amperes, formulas for   10, 12 
Kilowatts, formulas for   10, 12 
Klystron tubes   605, 606 

Lamps, control with phototube   623 
master switch for  92 
requirements, illumination   101 
symbols for  73, 81, 83 
test indicator   57 
two-position control of  91 -92 

Lap windings, a-c motors 268-273, 276 
d-c motors  329-335 

Light measurement, phototube for  622 

Lighting circuits, building  89-101 
control,phototube   623 
standards for   101 
switches, connections for  90-92 

Lights, see Lamps. 
Line diagram symbols   80-82 

starters, a-c magnetic 388-400 
a-c manual  386-387 
d-c   471 
phototube controlled   625 

Linear time base, oscillograph   26 
Local battery telephone  582-583 
Louis Allis frequency converter  569 

generators, d-c  326 
motors, a-c capacitor   214-215 

a-c multi-speed 249-255 
a-c squirrel cage 246-255 
d-c   326 

phase converter   571 
Low side float refrigeration control, trouble 

with   514 
Lubrication, ball bearing 158, 160 

ring oiler bearing  160 
sleeve bearing  157, 159 

Luxtron photocell characteristics  618-619 

Magnetic blowout, principle of  474 
brake, capacitor motor with   218 
controllers, see Controllers 
energy storage welding  613, 615 
field, rotating 235-238 
starters, see Starters 
testing, oscillograph 31 

Magnesium wire, properties of 67 
Magneto test set  59 
Magnetron tubes  805, 606 
Manganin wire, properties of  67 
Manual starters, see Starters 
Master switch, lamp ----- 92 
Measurements, electrical   15-43 
Mercury arc rectifier 573, 575 
Meters  15-18 

capacity, circuit for  15 
current, testing with   61 
impedance, circuit for  15 
iron vane  17 
kilowatt-hour  98-99 
light and power  98-99 
moving iron  17 
ohm, tests with  61 
output, circuit for 15 
rectifier type  15-16 
socket type, pole  99 
switching for   20-23 
symbols for  73, 80, 81, 83 
volt, testing with  59 
vratthour   98-99 

Mho, definition  9 
Mica undercutting, commutator   155 
Milliammeter, tests with   61 

Monocord magneto telephone switchboard 
  587 

Motor-generators, uses for   138 
Motors  126-353 
a-c   182-309 

braking of   258 
capacitor   195-223 

characteristics of 128, 135  197-198 
diagrams for   199-221 
explanation of   195-198 
reversal of  174 
speed control of  379 
Synchronous  307 
terminal markings for  222-223 
uses of  134, 141, 195, 197 

consequent pole windings  274-275 
controls for, see Controllers 
currents, full-load  175-177 

starting   132 
frequency effect on   175 
lap windings for  288-273, 276 
polyphase 235-309 

characteristics of  239-240 

performance curves   135 
reversal of   174 
terminal markings for  259-266 
uses of   130-131, 134, 239-240 

repulsion-induction  228-230 
uses on farms   141 

reversal of   174 
rotor and stator diagrams   267-301 
shaded pole, principles   224-227 

performance of   224-227 
uses of   226 

single-phase 182-230 
capacitor  195-223 
current, full-load 175-177 
diagrams of  188-190 
reversing switches for  416, 421 
shaded pole   224-227 
spiral winding   193 
split-phase   182-194 
terminal markings for   191-192 

split-phase  182-194 
characteristics of  128, 183-184 
diagrams for  186, 188-190 
performance of  135, 183-184 
principle of   182-184 
synchronous  307 
uses of  134, 141 
variable speed  187 

squirrel cage   239-266 
current, full-load   175-176 
principle of   237-238 
terminal markings for  259-266 

starters for, see Starters 
stator and rotor diagrams 267-301 
synchronous  303-309 

capacitor type  307 
characteristics of 128, 306 
clock type  305 
current, full-load   177 
principles of   303-307 
revolving field   308 
self-starting  305 
small types of  305-307 
Split-phase  307 
starters for  448-452 
starting of   304 

three-phase, delta connected • • • 287-288 
principle of   23e 
reversing switch for   416-421 
star connected   281-287, 300 
stator windings for  267-301 
terminal markings for   259-263 
winding diagrams for   281-303 

two-phase connections   242 
reversing switch for   416 
E-rminal markings for  264 -266 

uses of   136 137 
variable speed   187 
wave windings for  276-277 

wound rotor, controls for  440-447 
See also Controllers.  

current. full-load   176 177 
principles of  302, 440 
speed regulators for  444, 446 
starters for. see Starters 
uses of  130 131 
winding diagrams  300 -301 

adjustable speed. uses of .  136-137 
applications of   126-148 
bearings, ball, lubrication of   158. 160 

ring oiler, lubrication of  160 
sleeve, lubrication of   157. 159 
troubles with .   165-166 

branch circuit protective device capacities 
 178-181 

brushes. see Brushes 
capacitor. see Motors. a-c. capacitor 
care of.  149-174 
characteristics of, see under name of type 

of motor 
circuit breaker capacities for  178-181 

wire sizes  178-181 
wiring 175-181 

cleaning of   172 
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clock type synchronous 305 
commutator, care of   155 
compound, see Motor. d-c, compound  
constant speed, uses of 136-137 
currents. full-load  175-177 

starting   132 
d-c   310-353 
armature connections   929-330, 334 

equalizer  339 
windings   344-353 

commutating field in . • • • • .344, 348-353 
compound, characteristics of  128 

connections for  321. 344-353 
principle of   316. 319-320 
reversal of   174, 325 
reversing switch for  456 
terminal markings for  328 
windings and connections for 

• • .322-323, 344-353 
connection diagrams for   310-328 
constant speed   319-320 
construction   317-318 
control principles for  467-470 
current, full-load   175-177 
differential winding for  322 
field windings for  344-353 
governor speed control for  327 
interpoles for  311 
lap windings for  329-335 
performance curves of 135 
principles of   310-313 
reversing switch for  416. 456 
rotation, rule for 312 
series, connections for 321 

controller for 492 
principle of  315 
reversal of   174, 324 
speed control for  378 
starters for, see Starters 
terminal markings for  328 
universal type   231-234 

shunt, connections for 321 
principle of 314, 319-320 
reversal of   174 
reversing switch for  456 
speed control for  378-379 
terminal markings for ....... 328 

speed control   327 
principles of 454 
rheostat control for  
 455. 459, 463-466 

starting principles of 467-470 

terminal markings for  328 
uses of 130 131. 134, 136, 137 
wave windings for 333. 336-338 
winding data sheet for  340 
diagrams of   329-353 

disassembling and assembling ....161, 163 
farm applications of 141-142 
four-speed a-c. connections fo   
 249. 251-255, 257 
fuse capacities for 178-181 
gear type. uses of  133 
general purpose, ratings of  126 

uses of   138 
governor, characteristics of  128 
horsepower rating of  126 

requirements for  132 
induction. see Motors. a-c 
inspection of  172 
installation of   171 
insulation test on   34 
maintenance of 149-174 
multi-speed connection diagrams 289 
windings for 248-255, 292-293 

overheating, causes of 166-167 
polyphase   235-309 

See also Motors, a-c. 
squirrel-cage. two-phase. 
three-phase, wound rotor.  

printing press duty   145 
protective devices for  175-181 
rating by horsepower 126 
repulsion-induction. see Motors, a-c. 

repulsion-induction 
reversal of  87 

fractional horsepower  173 
polyphase   174, 406 

reversible capacitor 199-201, 203-212, 218 
fractional horsepower  173-174 
split-phase  186 

selection of  126-148 
series d-c, see Motors, d-c, series 

universal  231 -234 
shaded pole, characteristics of  128 

principles of  224-227 
uses of   226 

shunt, see Motors. d-c, shunt 
single-phase, see Motors, a-c, single-

phase 
slip ring, see Motors, a-c. wound rotor. 
special purpose, rating of 127 

uses of   138 
speed standards for   143 
split-phase. see Motors. a-c. split-phase 
squirrel cage. see Motors, a-c. squirrel 

cage. 
starters for. see Starters 
starting, check before 171 

currents for   132 
symbols for 74 79, 80. 83. 89 
synchronous, see Motors a-c, 

synchronous. 
three-phase, see Motors, a-c, three-

phase. 
speed a-c  423 

connections for 250-254 
troubles with  .165-169 
two-phase, see Motors, a-c, two-phase. 

speed. capacitor 201-202, 207-209 
connections for   256 
pole changing for 422 
split-phase  187 

windings for  292-293 

types, definitions of  144-146 
universal series  231-234 
upkeep of  149-174 
variable speed. uses of 136-137 
windings. cleaning and drying   161 

schematic diagrams for  129 
varnishing of   172 

wound rotor. see Motors. a-c, wound  
rotor. 

Mot-O-Trol motor speed control   611 
Moving iron a-c meters 
Multi-speed controllers, see Controllers.  

starters, see Starters.  
Multi-step starters, see Starters.  

N 
NEMA resistor classification 

symbols, industrial control   
Neutral, commutator, location of   

conductor, current capacity of   
Nichrome wire, properties of  
Nickel wire, properties of  

silver wire, properties of  

O 
Ohmmeters, tests with   61 
Ohms per circular mil foot of conductors 67 
Ohm's law, formulas for  11 
Oiling, see Lubrication 
Open circuits. locating  49-52 

delta transformer connection   106 
Oscillograph or oscilloscope  24-32 

circular time base for  27 
linear time base for   26 
magnetic testing with  31 
radar patterns on  27 
RCA. circuits of  24 
recording methods for  26-31 
sinusoidal time base for 26-27 
Supreme, circuits of   32 
sweep patterns on 30 

Output meter. a-c. circuit for  15 
Oven heat control, thyratron 609 
Overcurrent relays   370-372 
Overload relay, thermal, solder type 391 
Overvoltage relays,   365-368 
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  176 
377 
151 
68 
67 
67 
67 

Paper mill control  506 
Parallel circuit. tests on  63 
Paralleling a-c generators 541, 544 
d-c generators   547-548 

Peerless generators. d-c   553-558 
motors, a-c   290-293 
d-c   344-353 

Phanotron tubes,   605. 607 
battery charger with 609 

Phase converter  571 
reversal relay   373 
sequence, standard  86 
transformation, transformer connections 

for 106-109 
Phasing out a-c generators 544 

three-phase transformers   110 
Photocell characteristics  618-619 
'Photo-electricity   618 -626 
Photometer. phototube type 622 
Phototubes  605-607 
color matching with  622 
control circuits using  622-626 
equipment selection   620-621 

lamp control  623 
light measurement with  622 
motor control with  625, 626 
relay circuits with   622-624 
sound amplifiers   624 

Pictorial diagrams, explanation of 77 
'Platinum wire, properties of 67 
Pliotron tubes  605, 606 
Plugging switches 385 

Polarity, field, test of  168 
Polarized bells   581 
Polarizing three-phase transformers ....110 
Polyphase motors  

characteristics of   
performance curves for   
reversal of   174 
terminal markings for  259-266 
usas of   130 131, 134. 239-240 

',any relay  359 
Pool tubes  605 607 
Position ildicators  374-376 

Power circuits. building   89-101 
definition of  8 
distribution systems  123 -124 
factor. capacitor correction table 6 

explanation of 
measurement of 7 
surveys of 7 

measurement. a-c. 5 36-37 
meters for 98-99 
Prony brake measurement of  37 
three-phase. measurement of 36 
transmission system  123 

Printing press controller   460 
Prony brake power measurement 37 
Protective devices. motor 175-181 
Pulleys. belt, size and speed formulas 

for   142 
%nips, power for. formula  12 
Push-button stations, motor control 382-385 

Raceways, see Conduit. 
Radar oscillograph patterns   27 
Radio symbols  83. 84 
Range. electric. car.tiits of  78 
Reactance, explanation of  3 

-resistance, formulas for   12 
RCA oscilloscope circuit diagram  24 
Receiver, telephone. tests with  61 
Rectifiers   573-579 

battery charging  609 
copper-oxide.     575. 577-579 
full-wave   574. 576 
half-wave  574. 576 
instrument   15-16 
mer.ury arc  573. 575 
meters   15-18 
symbols for  29. 80, 82-84 
three-phase   576 
Tungar bulb   573-574 

235- 309 
239-240 

135 

5 
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Rectigon tubes  605, 607 
Regulation, generator voltage, a-c   508 
Regulex controls   505-508 
Relays  359-373 

contacts. telephone  586 
control circuits for,  364 
inspection of   362 
maintenance of  362-363 
motor speed control with  423 
multi-contact   369 
overcurrent   370-372 
overload, thermal, solder   391 
overvoltage   365-368 
phototube, circuits for   622-624 
reverse phase   373 
stick circuit for   361 
symbols for   74. 79, 81. 82 
track circuit   361 
undervoltage.   365-368 
voltage operated    165-368 

Reliance generators. d-c.   557-558 
Repulsion-induction motors  228-230 

Uses on farms     141 
Resistance. a-c circuit    4 
copper wire   66 
high. tests form   52 
insulation, measurement of 

tester for  
manganin wire   
Nichrome wire  
-reactan -e formulas 
starters. a-c 406-414 

d-c  474-480 
resistor classes for. NEMA   176 

temperature coefficients of   67 
measured by  12 

33-35 
35 
67 
67 
12 

welding, electronic control 
Resistor classification, NEMA 
symbols for  73, 79, 81. 84 

Rererse current circuit breaker   356 
phase relay     373 

Reversible motors, capacitor   199-201. 
 203-212. 218 

fractional horsepower 173-174 
split-phase   186 

Reversing controllers, drum, d-c .493  494 
 496-498. 500, 501 

wound rotor motor  445. 447 
motor rotation   173-174, 324, 325 
starters. a-c  416-421 
d-c   484-489 

swatches, a e   415-421 
d-e   456 

Revolving field synchronous motor  308 
Rewinding data sheet. d c motor and 

generator  340 
Reynolds motor, split-phase   194 

three-phase   294 
Rheostats, motor, see also  Starters  

d-c types  455-466 
speed regulating d-c ..455, 459 463-466 
wound rotor motor 444, 446 

symbols for  73. 80, 84 
Rotary converters   561-568 

filters for   563. 565 
principle of  573 
reversal of rotation   87 
terminal markings for  85, 566-568 

612-615 
176 

Rotating magnetic field  235-238 
Rotation reversal, motors and 

generators .... 87, 173-174, 
324 -325 

Rotors, a-c motor, diagrams of 267-301 
rotation of, standard  86 

Rubber covered wire, dimensions of   69 
mill control  506 

S 
Safety switch, motor circuit, capacities 

for  178-181 

Sanding brushes 153, 154 
Schematic diagrams, explanation of  77 
Schools, lighting for   101 

Scott transformer connection  108 
Secants, table of   2 
Selsyn devices  374-376 
Series motor, d-c, connections for  321 

controller for   492 
principle of   315 
reversal of  174, 324 
speed control for  378 
starters for, see Starters.  
terminal markings for   328 

universal tvne  231-234 
Service wiring   98-99 
Shaded pole motors, principles of .. 224-227 

performance of 224-227 
uses of  226 

Shafts, power transmission formula  12 
Short circuits   47 

location of   
shunt generator   

motor, connections for 
principle of  314. 319-320 
refrigeration, starters for   521 
reversal of   174 
reversing switch for   456 
speed control for   378-379 
terminal markings for   328 

Signal bells, power for   604 
symbols   74, 81. 89 
systems, wire for   604 

Silver wire, properties of   67 
Sines, table of   2 
Single phase circuit breakers   354 

motors   182-230 
capacitor   195-223 
currew. full-load  175-177 
diagrams of   188-190 
reversing switches for   416, 421 
shaded pole   224-227 
spiral winding in   193 
split-phase   182-194 
terminal markings for  191-192 

sys:ems. formulas for   10, 12 
transformers, connection of   111 

connection diagrams for  119-120 
polarity of   117 

Sinusoidal cime base. oscillograph 26-27 
Six-phase transformer connection   107 
Slip ring motors, see Motors,  a-c, wound 

rotor. 
Socket type meters   99 
Solenoid starter>. see Starters, magnetic. 
Sound amplifier. phototube type   624 
Speed controls, motor, see Controllers  

regulating rheostats, d-c motor 
..... . . .. 455, 459, 463-466 

Split-phase motors   182 -194 
characteristics of   128. 183-184 
diagrams for   186, 188-190 
performance of   135, 183-184 
principle of   182-184 
synchronous   307 
uses of   134. 141 
variable speed   187 

Square-D speed regulator, wound rotor.. 446 

starters. a-c, compensator   433. 437 
line   386. 399-400 
resistance   413 
reversing   418-419 
two-speed   428 
wound rotor   447 

d-c, line   471 
reversing   488 
time limit   478 

Squirrel cage motors   239-266 
current. full-load   175 .176 

principle of   237 -238 

terminal markings of   259-266 
Star-delta starter   256. 387 

motor connections   281-287, 300 
transformer connections 104-105, 112-114 

Starters (motor). See also Controllers.  
a-c types 

auto transformer   429 -439 

52-54 
326 

  321 

See Starters, a-c, 
compensator. 

carbon pile   407-410 
centrifugal switch, principle   182 
combination   401-405 
compensator   429-439 

automatic   430, 432, A35-437, 439 
manual   431, 433, 434, 437, 438 
principles of   429 

line, magnetic   388-400 
manual   386-387 
phototube controlled   625 

multi-speed  422-428 

phototube controlled types   625, 626 
resistance   406-414 
reversing   416-421 
star-delta   256, 387 
synchronous motor  448-452 
wound rotor motor   440-447 

d-c types 
adjustable speed   486-487 
carbon pile   475 
dynamic braking   481-485 
line   471 
magnetic multi-step   474-480 
reduced voltage   472-473 

principles of 453-454, 467-470, 472 
reduced voltage 472-480 
resistance  472-480 

resistor classes for  176 
reversing, magnetic  464-489 
rheostat types  453-466 
time limit  477-480, 488 

protective device capacities with.. 178-181 
selection according to motor.130-131, 140 

Stations, push-button motor control.. 382-385 
Stator, a-c motor, diagrams 267-301 
Steel wire, properties of   67 
Step-down and step-up transformers, 

principles of  102 
Stick circuit, relay  361 
Stores, lighting for  101 
Stove, electric, circuits of   78 
Stranded conductor, number and size of 

strands   66 
Stromberg-Carlson telephone circuit •-• 592 
Supreme oscilloscope, circuit diagram 32 
Sui face measurement formulas  12 
Surge pros.ection, transformer 112-114 
Sweep patterns. oscillograph   30 
Switchboard, a-c. diagram of  542-543 

d-c, diagram of   550-551 
telephone, see Telephone. 

Switehes, circuit breaker control.• • .357-358 
double-pole, uses of  90 
drum. meter control  20-23 

motor reversing   420-421 
electrolier, uses of  90 
four-way, uses of   90-92 
lighting, how used   90-92 
master, for lamps  92 
meter control with  20-23 
plugging  385 
reversing, a-c motor  415-421 

d-c motor 456 
safety, motor circuit capacities of.178-181 
single-pole, use of 90 
symbols for  73, 79-83, 89 
synchronizing   23 
terminal identifi ation on  38 
tests for circuits in   65 
three-way, uses of  90-92 
transfer, a-c motor   416 

Symbols, ammeter  73. 80, 83 
battery   73, 81, 82 
capacitor   74, 81. 83 
choke coil   74, 79, 80 
circuit breaker  79-81, 83, 89 
coils   83 
contactor   80-83 
control. NEMA  377 
electronic circuit  607 

tubes  606, 607 
fundamental  79 
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fuse   79-81, 83 
generators   74, 79, 80, 83, 89 
lamps  73, 81, 83 
line diagram   80, 82 
meter  73, 80, 81, 83 
motor  74, 79, 80, 83, 89 
radio  83, 84 
rectifier  79, 80, 82-84 
relay   74, 79, 81, 83 
resistor   73, 79, 81, 84 
rheostat  73, 80, 84 
signal   74, 81, 89 
switch  73, 79-83, 89 
telephone   84, 89 
transformer  73, 79-81, 84, 89 
voltmeter  73, 80, 83 
wiring  73, 79, 84..89 

explanation of  75-77 
Synchronizer, generator, automatic   309 
Synchronizing, a-c generator  544 

switches for   23 
Synchronous converters, see Converters, 

rotary. 
generator, synchronizer for  309 
motors  303-309 

capacitor type   307 
characteristics of   128- 306 
clock type   305 
current, full-load   177 
principles of   303-307 
revolving field   308 
self-starting   305 
small types of   305-307 
split-phase   307 
starters for 448-452 
starting of   304 

welding control   314 

Talk-A- Phone intercommuhication systems 
 600-602 

Tangents, table of   2 
Taylor phase transformation   107 
Telephone   581-592 

cable, for signal system  604 
common battery  584 
cord, construction of  588 
dial spring assemblies   589 
local battery   582-583 
magneto ringers for  582-583 
manual service unit   591 
operators set for'  586 
principle of   581 
receiver, tests with   61 
relay, contacts for  586 
ringer box, dial type  588-592 
switchboard, monocord magneto 587 
symbols  84, 89 
universal cord circuit for   585 

Temper mill control   505 
Temperature, centigrade to Fahrenheit 

coefficients of resistivity  
current capacity affected by 
Fahrenheit to centigrade  
measurement by resistance 

Tesla coil   
Tester, circuit, industrial   

types of   
high-% oltage  
magneto   

Tests, electrical   
Thermoplastic covered wire, size of • • • • 69 
Three-phase circuit breakers   354-355 

current, formulas for   11 
motors, delta connected   287-288 

principle of   238 
reversing switch for   416-421 
star connected   281-287. 300 
stator windings for  267-301 
terminal markings for 259-263 
winding diagrams for 281-303 

power, measurement of  5, 36 
rectifier  576 
systems, formulas for  10, 12 

13, 175 
67 

  68 
13, 175 
  12 

125 
19 
48 
100 
59 

15-43 

transformers, connections for 
  104-106, Ill 

paralleling of   110 
voltage, curves for  1 

Three-way switch, uses of  90-92 
Thyratron control, motor   611 

oven heat   609 
principles of   608 

tubes   605, 607 
Time bases, oscillograph 28-29 

limit starters  477-480, 488 
Track circuit relay  361 
Transfer switches, a-c motor  416 
Transformers 102-125 

adjustable  121 122 
auto-, connections for   105-106 
booster connection of  103 
connections for  103-109, 111, 119-120 
continuously adjustable 121-122 
delta connection of   104-105, 112-114 
Fortescue connection of   106 
grounding for 112-115 
installation diagrams for   112-114 
isolating gap with 
lead markings for   88, 116 
phase transformation with   106-109 
principles of   102 
Scott connection of   108 
single-phase, connections of 111, 119-120 

polarity of   117 
six-phase connection of   107 
star connection of  104-105. 112-114 
surge protection for   112-114 
symbols for   73, 79-81. 84, 89 
Taylor connection of   107 
three-phase, Ionnections of 104-106. Ill 

lead markings for   117 
paralleling of   110 
to six-phase   118 

two-phase connections of   103 
winding markings for   88, 116 

Transmission system, power   123 

Trigonometric functions, tables   2 
Trouble, circuit, indications of   63 

kinds of   47 
motor, a-c   165-169 
shooting methods   44-65 
wiring, indications of  63 

Tubes, electronic, symbols for .... 606, 607 
types of   605 

Tubing, dimensions of   69 
number of conductors in   66 

Tungar rectifier   573-574 
tubes. 60   605, 607 

Tungsten wire, properties of   67 
Two-phase circuit breakers   354 

currents, formulas for   11 
motors, connections of   242 

reversing switch for   416 
terminal markings for   264-266 

power, measurement of   5 
systems, formulas for   10, 12 
transformer, connections of   103 

Two-speed motors, capacitor 
  201-202,.207-209 

connections of   256 
control of   424-428 
pole changing for   422 
windings for   292-293 

U 

Undercutting commutator mica 
Undervoltage relays   
Univefsal cord circuit, telephone 

series motors   
U.S. Electrical motor diagrams .... 295-299 

V 
Vacuum tubes, types of   805 
Varnishing motor windings   172 
Voltage drop, copper wire   70 

formulas for   11 
regulation, a-c generator   508 
relays   385-368 

Voltmeters, see also Meters  

114 

155 

385-368 
585 

231-234 

Volumes, measurement, formulas 
W 

Watthour meters   98-99 
Wattmeters   18 

use of   5 
Wave windings, a-c motor   276-277 

d-c motor   333, 336-338 
Welding, electronic control of   612-615 

energy storage systems of   613, 615 
generator, d-c   546 
resistance, electronic control .. 612-615 
synchronous, control of   614 

Western Electric telephone circuit   592 
Western Union relay   359 
Westinghouse adjustable speed motor drive 

  503-504 
high-frequency heating generator .... 610 
Mot-O-Trol d-c motor control   611 

relays   365-372 
starters, a-c, combination   403-405 

compensator   437-439, 452 
line   397-398 
multi-speed   427-428 
resistance   414 
reversing   420, 421 
synchronous motor   452 
wound rotor motor   445 

d-c, drum type   501 
reversing magnetic   489 

rheostat type   465-466 
time limit   479-480 

switches, drum reversing   500-501 

X-ray control circuits   616-617 
Weston circuit tester, industrial   19 
Windings, armature, d-c   553-558 

tools for   343 
coil. forming for   341-342 
motor and generator, cleaning and drying 

  161 

motor, d-c, diagrams for  329-353 
transformer, see Transformers  

Wires, see also Conductors. 
aluminum, properties of   71-72 
calculations, formulas for   11 
copper, dimensions and weight 69, 72 
tables of properties   66 
voltage drop in   70 

dimensions of   69 
manganin, properties of   67 
motor circuit   178-181 
Nichrome, properties of  87 

number in conduit or tubing   88 
voltage drop in   11, 70 

Wiring   66-101 
building, diagrams of   96 97 

tests of   57 
bungalow   94-97 
data, general   66-72 
estimating for  94-95 
motor circuit   175-181 
service   98-99 
signal system   604 
specifications   93 
symbols for   73, 79, 84, 89 

explanation of   75-77 
test set for   100 

Wisconsin Electric motor, series d-c   327 
Wound rotor motors, controls for • • 440-447 

current, full-load,   176-177 
principles of  302, 440 
speed regulators for   444, 448 
starters for, see Starters 
uses of   130-131 
winding diagrams for   300-301 

a-c types   59 
circuits for   15-16 

d-c types   59 
switching for   20-22 
symbols for   73, 80, 83 
testing with   59 

12 

X 

X-ray control circuit   818-817 
tubes   805 


