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FOREWORD

S you progress in your study jof- thls!

volume of the COYNE Reference Bn'
cyclopedia we will take you 1nto.the-..very
interesting field of Direct Current Power
Machinery, Controllers, Generators and
cover the extremely popular subject of Alter-
nating Current Electricity.

A. C. Current during the past several
years, has expanded by leaps and bounds in
all directions. It is pushing its way into most
rural districts, giving light and power’ to
villages and farms on the back roads, and the
Kilowatt hour demand is breaking records
daily. ” 3

In covering Alternating Current in this
section, we start with the nature 'of Alter-
nating Current, single phase and polyphase
currents, A. C. circuits, induction, capacity,
impedance power factors and power prob-
lems. We continue into Alternating Current
machines from the standpoint of care and
maintenance. There are increasing’ demands
being made by industry every day for men
who understand the maintenance, operation

and care of Alternating Current equipment.

““Prom°the Maintenance field, we enter the
generation, transmission and distribution of
A. C. power. This field deals with generating
stations, prime movers, turbines, cables, con-
ductors, substations and various types of
equipment associated with the electrical
power generating field.

In presenting the all-important field of
Alternating Current, we present the elemen-
tary principles first and lead the reader into
a practical explanation of all types of A. C.
equipment in the same manner in which the
subject is covered in our practical training
shops in Chicago. In all formulas, preference
has been given to the practical application
without sacrificing technical accuracy or
essential theory. One of the advantages of
the COYNE Reference Encyclopedia is the
numerous illustrations, many of them on full
pages that enable the reader to get a better
picture of the equipment upon which the
explanation has been given.

Some of the greatest leaders in the Flec-
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First Alternating-Current Generators installed at Niagara Falls in 1895
by Westinghouse Electric & Manufacturing Co.
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trical field have devoted their life to the
study of this remarkable power of Alter-
nating Current. One in particular, who aided
greatly in the early development and was
without question, one of the foremost con-
tributors to the progress of Alternating Cur-
rent was George Westinghouse, founder of
the great Westinghouse Electric & Manu-
facturing Company. Today, Westinghouse
is a household word in practically every
home, and very few people realize the tre-

mendous difficulties and great opposition this.

great scientist met in his courageous effort
to provide American industry, and particu-
larly American homes, with a cheaper, more
efficient power. Many of the principles,
demonstrations and explanations on Alter-
nating Current, as found in this Electrical
Encyclopedia, are based on the early re-
search, study and development of George
Westinghouse.
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Another great leader of this field was
CHARLES P. STEINMETZ. This great
scientist, was for many years, Chief Con-
sulting Engineer of the General Electric
Company. He was often referred to as the
ELECTRICAL WIZARD, but actually was
not an inventor. His contributions to Elec-
tricity were to develop methods which other
men with less penetrating minds could use
in designing practical machines. Steinmetz
was recognized as one of the greatest engi-
neers in the Alternating Current field.

The life histories of Steinmetz, Westing-
house, Edison and others as well the the
history of Electricity itself, proves that Elec-
tricity is truly the “opportunity field.”

We sincerely believe you will find in this
volume of the COYNE Electrical Encyclo-
pedia, some of the most interesting and
valuable information that you have ever had
an opportunity to study.

A modern General Electric vertical-compound steam turbine electric generator set,
110,000 K.W. This unit has hydrogen-cooled generators and includes the most
modern improvements in large generating equipment.
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DIRECT CURRENT MOTORS

An electric motor, as you have already learned,
is a device for converting electrical energy into
mechanical energy, or to perform just the opposite
function to that of a generator. Motors supply
mechanical energy to drive various machines and
equipment by means of belts, gears, and direct shaft
connections.

When electricity from the line is supplied to ter-
minals of the motor, it develops mechanical force
or energy which tends to rotate its armature and
any equipment which may be attached to its shaft.
This twisting effort or force is known as the Torque
of the motor. i

114. TYPES OF D. C. MOTORS

Direct current motors can be divided into three
general classes, the same as D. C. generators were,
namely, Shunt, Series, and Compound motors. These
motors are classified according to their field connec-
' tions with respect to the armature, in the same
manner in which the generators were classified.

Compound motors can be connected either cumu-
lative or differential. With generators we find that
the shunt, series, and compound types each have
different voltage characteristics. With motors, the
effect of these different field connections is to pro-
duce different speed and torque characteristics.

Motors are made with various types of frames,
known as Open Type, Semi-enclosed, and Closed
Type frames.

Fig. 105 shows a modern D. C. motor with an open
type frame. A frame of this type allows easy access
to the commutator, brushes and parts, for adjust-
ment, cleaning and repairs; and also allows good
ventilation. Open type motors are generally used
where they are to be operated in clean places, and
where there is no danger of employees coming in
‘contact with their live parts; and no danger of fire
or explosions which might be caused by sparks at
their brushes.

Fig. 105-A shows a motor with a semi-enclosed
frame. Frames of this type will enclose all the live
and moving parts of the motor, and at the same time
allow ventilation through the small openings pro-
vided in the end plates and around the motor
frame.

Fig. 106 shows a motor with a completely en-
closed frame. Motors of this type are often built
larger and wound with larger wire, so they do not
develop as much heat. In some cases they are prac-
tically air-tight, and have ventilating tubes attached
to their casings to bring cooling air from another
room.

Motors with enclosed frames of this type can be
used in places where the air is filled with dust and
dirt, or possibly vapors or explosive gases.

Enclosed frame motors should always be used

where abrasive dust or metal dust is present in the
air, or in mills where wood or grain dust might be
exploded by any possible sparks from brushes.

115. MOTOR SPEEDS AND H. P.

D. C. motors are always rated in horse power, and
range in size from those of a small fraction of one
horse power to those of several thousand horse
power each. The smaller motors are used for driv-
ing household appliances, laboratory equipment, and
small individual shop machines, such as drill presses,
small lathes, etc. Medium-sized motors, ranging
from one horse power to several hundred horse
power each, are used for driving machinery in fac-
tories and industrial plants, for street railways and
electrical locomotives, and for elevator machinery.
The larger types, ranging from several hundred to
several thousand horse power each, are used prin-
cipally in steel mills and on electrically-driven ships.

The horsepower ratings of motors refer to the
maximum continuous output they can deliver with-
out overheating.

The speed at which D. C. motors are designed to
operate depends principally upon their size, because
the diameter of the armature, as well as the R. P. M.,
are what determine the centrifugal forces set up
in the conductors and commutator bars.

Very small motors commonly have speeds from
2000 to 4000 R. P. M., while motors of medium or
average size, ranging from 1 to 25 h. p., usually
rotate at speeds from 1000 to 2000 R. P. M.

Very large motors operate at much lower speeds,
generally ranging from 100 to 500 R. P. M. ; although
some large steel-mill motors have speeds as low
as 40 R. P. M.

The speed at which any D. C. motor operates
is always determined by the counter-E. M. F. which
is generated in its armature.

This counter-E. M. F., or back-voltage, we might

1

Fig, 105. This photo shows a modern D. C. motor with an open type
frame. Note the easy access a frame of this construction provides
to the commutator, brushes, and field coils.
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say acts as a throttle to control the current flow
through the armature, and therefore acts as a gover-
nor of the motor speed. In the following pages this
principle will be explained more fully in connection
with the characteristics of the different types of
motors.

116. MOTOR SPEED REGULATION AND
CONTROL
In referring to the characteristics and operation
of electric motors, we frequently use the terms Speed
Regulation and Speed Control. These terms have

entirely separate meanings, and their difference is

very important.

Speed Regulation refers to changes in speed which
are automatically made by the motor itself, as the
load on the machine is varied. Speed regulation is
largely determined by the construction of the motor
and its windings and is a very important factor in
the selection of motors for different classes of work.

Fig. 105-A, This motor has a frame of the semi-enclosed type. The
openings at the ends and around the frame are provided for air
circulation and cooling.

The speed regulation of 2 motor is usually expressed
in percentage and refers to the difference in the
speed of the machine at no load and full load. It
can be determined by the following formula:

Speed _ No load R. P. M. — full load R. P. M.

regulation No load R. P. M.

For example, if we have a motor that operates at
1800 R. P. M. when no load is connected to it and
slows down to 1720 R. P. M. when it is fully loaded,
its speed regulation would be:

1800 — 1720' or 044 +
1800
This would be expressed as 4.4%.
Motor speed regulation is entirely automatic and
is performed by the motor itself, as the load varies.
The term Speed Control refers to changes which
are made in the motor speed by the use of manual

or automatic control devices. These speed control
devices are usually external to the motor and con-
sist of some form of variable resistance. They will
be fully explained in the following pages.

!

Fig. 106. The above motor has a frame of the enclosed type. Motors
of this type are particularly well suited for operation in places
where the air is full of dust or vapor.

117. MOTOR RATINGS IN VOLTS,
AMPERES, AND H. P.

The rating of a D. C. motor in horse power, am-
peres, and volts depends on the same factors in their
design as the rating of generators does. The motor
ratings in horse power are also based on the same
factor of the temperature increase in their windings
when operated at full rated load.

For example, a 10 h. p. motor is one that when
supplied with the proper voltage for which it is de-
signed will drive a 10 h. p. mechanical load con-
tinuously without overheating its windings. The
current required by a motor is, of course, propor-
tional to the mechanical load in h. p. which it is
driving.

In addition to carrying the load without heating
the windings, the motor must also be able to carry
its full load current without excessive heating or
sparking at the brushes and commutator.

Motors are generally designed to carry overloads
of a greater amount and for longer periods of time
than generators are. Most D. C. motors can carry a
25% overload for a period of two hours, without
serious overheating.

We have already learned that D. C. motors are
similar to D. C. generators in all details of their
mechanical construction. In fact, manufacturers
frequently use the same D. C. machines either as
motors or generators, by merely changing the name
plates on them and making a few minor changes in
the connections of the field windings and setting
of the brushes.

118. MOTOR PRINCIPLES

Electric motors develop their torque or turning
effort by reaction between the flux around the arma-
ture conductors and the flux of the field poles, as
has been previously explained. When the magnetic
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lines of force from the field poles attempt to pass
through the armature core and windings, they collide
with the revolving flux around the armature con-
ductors, as shown in Fig. 107. :

Where the lines of force passing from the N. to
S. field poles collide with lines of armature flux in
the opposite direction, they will, of course, tend to
unite and travel in the same direction. This causes
the majority of the magnetic lines leaving the N.
pole in Fig. 107 to swing upward over the positive
conductor, creating a very dense magnetic field
above it and a weaker field below it. As the field
lines go on across the armature and collide with the
downward lines on the left side of the negative
armature conductor, the majority of the lines will
again join with this revolving flux and pass on the
under side of this conductor. )

As we know that magnetic lines of force always
tend to shorten themselves, or take the most direct
path possible through any external circuit, it is evi-
dent that this distortion of the field flux and the
crowding of the lines above the positive conductor
and under the negative conductor will tend to re-
volve the conductors in a counter-clockwise direc-
tion. From the illustration.in Fig. 107, we can see
that the torque of a D. C. motor is obtained largely
from the reaction between the magnetic lines of
force of the armature and field flux. There is also
the force of attraction and repulsion between the
field poles and the poles which are set up on the
surface of the armature. That is why D. C. motors
are often said to operate on the “repulsion”
principle.

Fig. 107. The above diagram illustrates the manner in which the
reaction between the lines of force from the armature and field
windings set up the torque or turning effort in a motor,

119. MOTOR TORQUE, SPEED AND H.P.

The torque exerted by such a motor will, of course,
depend on the strength of the magnetic flux from the
field poles and the strength of the armature flux.
Therefore, the torque exerted by a motor can be
increased by increasing either the field strength or
the armature current, or both.

The horse power or mechanical power output of
a D. C. motor is proportional to the product of its
torque and speed. The higher the speed at which
a motor is operated while maintaining the same
amount of torque, the greater will be its horse
power.

D. C. motors rated at higher speeds will produce
the same horse power with smaller frames and
armatures. The cost of high speed motors is there-

fore much less per h. p. A motor frame that is

rated at 5 h. p. at 900 R. P. M. will deliver 10 h. p.

at 1800 R. P. M.

120. DIRECTION OF MOTOR ROTATION
The direction of rotation of a D. C. motor can be

easily determined by the use of Fleming’s left-hand’

rule. This rule is similar to the right-hand rule
which we have learned to use for generators.

Hold the first finger, thumb, and remaining fingers
of the left hand all at right angles to each other.
Let the first finger point in the direction of flux
from the field poles, the remaining fingers in the

direction of current through the armature conduc-'

tors, and the thumb will then indicate the direction
of rotation of the armature.

This rule can be quickly and easily applied to
diagrams such as shown in Fig. 107 and can also be
used on the actual machines, when the armature
conductors and connections to the commutator can
be seen and the polarity of the field poles is known.

The direction of rotation can also be easily deter-
mined with diagrams such as shown in Fig. 107, by
simply remembering that the repelling or crowding
force on the armature conductor will be on the side
where its flux lines join with those of the field flux.

From this study of the direction of rotation of
motors, you can see that any D. C. motor can be
reversed either by reversing the direction of cur-
rent through the armature winding or by reversing
the field connections to change the polarity of the
field poles. Refer to Fig. 107, and using the left-
hand rule, note the direction in which these con-
ductors would rotate if their current were reversed
or the poles of the motor were reversed. .

121. COUNTER E. M. F. IN MOTORS

You have already learned that a voltage will be
induced or generated in the armature conductors of
a motor whenever the machine is running, and that
this voltage is called Counter E. M. F. As the arma-
ture of the motor rotates, its conductors will be go-
ing through the field flux and so will produce
counter-voltage in the same direction as that of the

‘voltage of a generator rotated in the same direction

as the motor. Therefore, this counter E. M. F. in-
duced in a motor is always in a direction opposing
the applied line voltage, but of course is normally
not quite as great as the applied voltage.

The amount of counter-voltage which will be gen-
erated depends upon the number of conductors in
the armature, the strength of the motor field, and
the speed at which the machine is operated.

Keep this rule well in mind, because the effects
of counter-voltage are extremely important in the
operation of D. C. motors and control equipment.

In Fig. 108, the direction of the current and
voltage applied to the armature conductors from the
line is shown by the solid black symbols in the two
armature conductors, and the direction of the

counter-voltage generated in these conductors with

the polarity and rotation shown, is indicated by the
lighter symbols above the conductors.
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Fig. 108. The above sketch illustrates the manner in which the
counter-voltage is generated in the opposite direction to the applied
voltage in a motor armature.

As the counter-voltage is generated in the opposite
direction to the applied line voltage, we can readily
see how it limits or regulates the current which will
flow through the armature and thereby acts as a
governor of the motor speed.

The voltage applied to a D. C. motor armature
is equal to the voltage drop in the winding plus the
C.E. M. F, or

Ex = Ra Ia 4 CEa
in which
Ex = Applied voltage
Ra = Resistance of armature
Ta = Current in armature
CEa = Counter voltage of armature

Then, for example, the applied voltage of a certain

110-volt motor might be used as follows:

Ex. Ra Ia CEa
No load: 110 = 1 4 109
Full load: 110 = 5 4 105

122, ARMATURE RESISTANCE NECESSARY
WHEN STARTING D. C. MOTORS

When the motor armature is idle or at rest no
counter-voltage is produced, and the current which
would then flow through the armature would be de-
termined entirely by its resistance and the voltage
applied ; according to the formula:

I =E—=R.
The resistance of D. C. motor armatures is very

low, usually less than one ohm. Therefore, excessive

currents would flow through them if we were to
apply the full line voltage to start the machine.

For this reason, when starting D. C. motors of
any but the very smallest sizes, it is necessary to
place some resistance in series with the armature
to limit the current until the machine comes up to
speed. As the motor increases its speed the counter-
voltage becomes higher and higher, until it limits the
current to such an extent that the motor speed can-
not further increase. At this point the difference
between the counter-voltage and the line-voltage
may be only a few volts, even on motors of quite
high voltage.

The voltage effective in forcing current through
the armature of a motor when it is running will be
just that amount of the line voltage which is not
neutralized by counter-voltage. In other words, the
effective voltage will be line voltage minus counter-
voltage. This is illustrated in Fig. 109, which shows
the amount of the applied voltage which is neu-
tralized by the counter-voltage developed in the
armature. For this illustration we have used even

and convenient figures, but in actual operation of a
motor running without load the counter-voltage
would be even greater in comparison to the line
voltage.

If we assume the resistance of the armature in
this figure to be .2 of an ohm, the current which
would flow through its winding if full line voltage
were applied would be 100 = .2, or 500 amperes.
That is, of course, provided that no external re-
sistance were used in series with the armature.

If this same armature develops 90 volts counter-
E. M. F. when rotating at full speed and under full
load, the effective voltage is then only 10 volts. So,
when running at this speed, the armature current
would be 10 + .2, or 50 amperes. From this example
you can see what a great effect counter-voltage has
upon the current flow in a2 motor armature.

123. EFFECT OF COUNTER-VOLTAGE ON
MOTOR SPEED

The current required to operate a D. C. motor
when no load is connected to it is comparatively
small. Let us say that the armature shown in Fig.
107 requires 50 amperes to operate it at full load,
and only 5 amperes to operate it when the load is,
disconnected. As the resistance of the armature is
only .2 of an ohm, the applied voltage to run the
machine at full speed and at no load would be .2 X 5,
or 1 volt. So the counter-E. M. F. during the time
this motor is running idle should be 100 — 1, or
99 volts.

When the mechanical load is reémoved from a
motor, its armature immediately tends to speed tﬁp";
hut as the speed increases it also increasés the
counter-E. M. F., thereby reducing the current flow
from the line and holding the motor at a constant
speed slightly higher than when operated under full
load. This again serves to illustrate the manner in
which coiinter-E. M. F. governs the speed of 2 D. C.
motor.

Effective
i A / voltage
10
1
|
{1 Applied CEL:\:C\"
| _ voltage B
100E
|
|
|
1
|
!
¥

Fig. 109. From the above illustration you will note that the counter-
voltage is often nearly as high as the applied voltage. This sketch
illustrates the extent to which counter-voltage regulates or limits the
flow through a motor armature.

124. D. C. MOTOR CHARACTERISTICS

In selecting D. C. motors for any particular work
or application we must, -of course, use a machine of
the proper horse-power rating to start and carry the
load the motor is intended to drive. In addition to
the Horse Power Rating of the motor, the other
essential points to be considered are its Starting
Torque and Speed Regulation characteristics. These
characteristics vary widely for shunt, series, and
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compound motors, which will be thoroughly ex-
plained in the following paragraphs. Make a careful
study of this section because it may often be of
great advantage to you on a job to be able to select
the proper motors for different applications.
125. SHUNT MOTORS

The field winding of a shunt motor is connected
directly across the line or source of current supply,
in parallel with its armature. This shunt field wind-
ing is made up of many turns of small wire and has
sufficient ohmic resistance to limit the current
through the coils to the safe carrying capacity of
the conductors they are wound with. As the resist-
ance of the shunt field winding is practically con-
stant, this current and the strength of the field it
sets up will be determined by the line voltage which
is applied to the motor.

A simple diagram of the connections of the arma-
ture and field of a two-pole shunt motor is shown in
Fig. 110.

126. STARTING TORQUE OF SHUNT
MOTORS

The starting torque of shunt motors is only fair
and they cannot start very heavy loads because their
field strength remains approximately constant as
long as the applied voltage is constant.

While a motor is starting the armature flux is
very dense, because of the heavier currents flowing
through the armature at this time.

This increased armature flux of course increases
the motor torque, but it also weakens the field by
distorting it and forcing it to take a path of higher
reluctance; so shunt motors cannot build up as good

starting torque as series or compound machines do.
" As the torque of the motor depends upon its field
strength as well as upon the armature current, we
can see that the starting torque of a shunt motor
will not be very good.

Shunt Motor

_1

_ Source of E.MF.

FiE. 110. Diagram of the connections for a simple shunt motor.

127. STALLING TORQUE OF SHUNT
MOTORS

If a shunt motor is overloaded to too great an
extent it will slow down and possibly be stopped
entirely if the overload is great enough. A motor
should never be allowed to remain connected to the
line when in this stalled condition, or its windings
will be burned out. This is due to the fact
that when the armature is stopped it is generating
no counter-voltage, and the applied line voltage
will send a severe overload of current through the

N

low resistance armature. Fuses or circuit breakers
should be provided to open the line circuit to the
motor in a case of this kind. .

The ability of a motor to carry overload without
stalling is often referred to as the Stalling Torque
of the motor.

Shunt motors will carry their full, rated load but
should not be overloaded to any great extent, as
their stalling torque is not very high.

128. SPEED REGULATION OF SHUNT
MOTORS

The speed regulation of shunt motors is excellent,
as the strength of their field remains practically con-
stant, and as long as the proper line voltage is ap-
plied they will maintain practically constant speed
under wide variations of the load.

The shunt motor will of course slow down a little
when the load is increased; but, d4s soon as the
armature speed is reduced even slightly, this reduces
the counter-voltage generated and immediately
allows more current to flow through the armature,
thereby increasing the torque and maintaining ap-
proximately the same speed.

The speed of shunt motors ordinarily should not
vary more than three to five per cent. from no load
to full load. Fig. 111 shows a set of curves which
illustrate the speed regulation of series, shunt, and
compound motors. Note that the speed of the shunt
motor only falls off very gradually as the load is
increased.

129. SPEED CONTROL AND APPLICATIONS
OF SHUNT MOTORS

The speed of shunt motors can easily be varied

or controlled by inserting a rheostat in series with

their field. If the field is weakened, the motor speed

will increase, because the reducd counter-voltage

allows more current to flow through the armature.
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Fig. 111. The above diagram shows the characteristic speed curves for
several types of D. C. motors. Note carefully the manner in wbich
the speed varies with increase of lead.
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Fig. 112. Diagram of the connections for a simple series motor., The
dotted lines sbow where a shunt can be connected in parallel with
the field coils for varying the speed.

If the field is strengthened, the motor speed will

decrease, because this stronger field allows the

normal counter-voltage to be generated at lower
3peed.

The uses and applications of shunt motors are
many and varied. They may be used on any job
where more than full-load torque is not required
for starting and where practically constant speed is
essential. They are extensively used for pumps,
elevators, motor-generator sets, and for the opera-
tion of lathes and various machines used in manu-
facturing ajp liances.

130. SER!' 5 MOTORS
Series m -« rs have their field coils connected in

series with the armature and the line, as shown in

Fig. 112. The windings for the fields of series motors

are made of heavy copper wire or strap copper, and

may consist of anywhere from a few dozen to a few
hundred turns.

The strength of the field of the series motor de-
pends upon the amount of current flowing through
the armature and series field coils.

As the armature current depends upon the motor
load and speed, the field strength of a series motor
will be much greater at heavy loads and low speeds
than at light loads and higher speeds, when the
armature is developing a greater counter-E. M. F.
131. STARTING TORQUE

The armature current is usually at its greatest
value when starting a motor because when the
armature is idle or rotating at low speeds it doesn’t
generate much counter-E. M. F., and very heavy
currents will flow through the armature until it
comes up to speed. For this reason the starting
torque of series motors is excellent.

The torque of motors of this type varies directly
with the square of the armature current, because any
increase of current through the armature also in-
creases the field strength, as the two windings are
in series.

Series motors are capable of starting very heavy
loads, and this makes them particularly adaptable
for use on street cars and electric railways, and other

special applications where the machinery to be
driven is difficult to start.

132. STALLING TORQUE

Series motors also have excellent stalling torque,
because, when they are overloaded, their speed is
reduced and less counter-voltage will be generated in
the armature. This allows more current to flow both
through the armature and field coils, greatly in-
creasing the flux around the armature conductors
and from the field poles.

It is almost impossible to stall a series motor with
any reasonable load, because the slower the speed
becomes, the more current will flow through the
armature and field of the motor, and the greater its
torque becomes.

Of course, it is possible to burn out a series motor
by overloading it in this manner, if the overload
is left on it too long.

133. SPEED REGULATION

The speed regulation of series motors is very poor,
because their speed varies inversely with the load ap-
plied. Any increase of load actually strengthens the
field flux of the series motor. This causes a higher
counter-voltage to be generated and momentarily
reduces the armature current, until the speed of the
motor drops enough lower to bring the counter-
voltage back to normal or less than normal, to al-
low the increased current flow required for the
additional load.

If some of the load is removed from the series
motor, this decreases the flow of current and weak-
ens its field. The weaker field develops less counter-
voltage and momentarily allows more current to
flow, until the speed is increased enough to build
the counter-voltage up again somewhat above
normal value.

Thus, series motors will operate at very high
speeds when the load is light and they will overspeed
if the load is entirely disconnected. For this reason
series motors should never be operated without load,
or the speed will increase to a point where centrif-
ugal force may throw the armature apart.

Series motors should always be attached to their
load by gears or direct shaft connection, and never
by belts. If a series motor were belted to its load
and the belt should break or slip off the pulleys, the
motor might dangerously overspeed before it could
be stopped.

In Fig. 111, the speed curve for a series motor is
shown, and you will note how rapidly the speed
decreases with any increase of load.

There are certain applications for motors, how-
ever, where the decrease of speed with increase of
load is very desirable.

134. SPEED CONTROL

The speed of a series motor can be controlled or
varied at will by the use of resistance in series with
the motor. Increasing this resistance will reduce
the voltage applied to the armature and series field,
and tends to momentarily reduce the current flow
and the torque, until the motor reduces its speed and
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counter-E. M. F. to a point where the counter-E.
M. F. and the effective voltage again balance the
reduced applied voltage.

This is one of the methods used to vary the speed
of electric street cars, by cutting resistance in or out
of the motor circuit with the drum controller. When
the resistance in series with the machine is varied,
the voltage across the armature is varied accord-
ingly, and the armature slows down or speeds up
correspondingly until the counter-E. M. F. and
effective voltage again equal the applied voltage.

The speed of series motors can also be varied by
connecting a shunt in parallel with their field coils,
as shown by the dotted lines in Fig. 112. This shunt
merely passes a certain amount of the armature cur-
rent around the field winding, and thereby weakens
the field strength and increases the speed of the
motor. These shunts can not be used to decrease
the motor speed below normal.

135. USES AND APPLICATIONS OF SERIES
MOTORS

The uses and applications of series motors are
somewhat limited because of their wide variation in
speed when the load is varied, and their tendency
to overspeed when the load is removed. Series
motors are not adapted to driving machinery or
equipment which place a variable load on the motor
and require practically constant speed.

Series motors are used principally for electric
cranes, hoists, and railway service, and are well
suited to this work because of their high torque at
low speeds and low torque at high speeds. They
are particularly well adapted to electrical traction
work because of their splendid starting torque,
which enables them to start heavy cars quickly and
also climb hills with heavy loads. Their speed
characteristic is also an advantage in this case,
because it is possible to obtain high speeds with
cars operated by this type of motor when the cars
are running on the level or with light loads.

136. COMPOUND MOTORS

Compound D. C. motors have some of the charac-
teristics of both the shunt and series motors, as they
have both a shunt and series field winding on each
pole. The shunt field of the ordinary machine is made
up. of many turns of small wire and is connected
in parallel with the armature and line, as shown in
Fig. 113. The strength of the shunt field flux will
therefore be proportional to the applied line voltage
and will be practically constant as long as this volt-
age is not varied.

The series field winding is usually made of very
heavy copper wires or strap copper and may vary
from a few turns to 100 turns or more per pole. This
winding is connected in series with the armature,
as shown in Fig. 113, and carries the full load cur-
rent which passes through the armature.

The strength of the series field will therefore be
proportional to the load applied to the motor. The
shunt field, however, is the one that always deter-
mines the polarity of the machine under ordinary

conditions and, therefore, it is called the main field
winding,

Compound motors can be connected either cumu-
lative or differential, by simply reversing the connec-
tions of their series field windings. The connections
shown in Fig. 113 are for a cumulative compound
motor, and most D. C. motors are understood to be
connected in this manner, unless they are marked or
designated as differential-compound.

With the series field connected for cumulative-
compound operation, the current flows through these
coils in the same direction that it does through the
shunt coils, and therefore aids in setting up a
stronger field when there is any load on the motor.

137. STARTING AND STALLING TORQUE

Cumulative-compound motors have a very much
better starting-torque than shunt motors, because
the heavier armature currents which flow during
starting also pass through the series field and greatly
strengthen its flux, thereby increasing the motor
torque.

Motors of this type can be used for starting very
heavy loads or machinery that is difficult to start
and bring up to speed.

The stalling torque of cumulative-compound mo-
tors is also quite high, because any increase of load
on the machine will increase its armature current
and the current through the series field. This in-
creases the flux of the field poles, which in turn in-
creases the motor torque and enables it to carry the
additional load at slightly reduced speed.

Such motors can be allowed to carry reasonable
overloads of 15 to 25 per cent. as long as they don’t
overheat enough to damage their insulation.

138. SPEED REGULATION. AND APPLICA-
TIONS

The speed regulation of cumulative-compound
motors can be considered as fair. Their speed will
vary inversely with the load, because any increase
of load also increases the field lux due to the action
of the series winding; and when the field flux is in-
creased, the armature speed must decrease, in order

CUMULATIVE COMPQUND MOTOR
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Fig. 113 Diagram of connections for a cumulative compound motor.
Note that the series field winding is connected so it will aid the
shunt field winding in providing a strong field.




D. C., Section Three.

Motor Horsepower Test Al3

to lower the counter-E. M. F. sufficiently to allow
enough current to flow to carry the load. The
stronger the field of any motor, the lower will be
the speed at which it can generate the normal
counter-E. M. F.

Compound motors are used extensively to drive
power shears, the rolls of steel mills, and in factories
and industrial plants for running machines which
require good starting and stalling torque and don’t
require very close speed regulation.

139. DIFFERENTIAL COMPOUND MOTORS
When compound motors are connected for differ-

ential operation their characteristics change con-

siderably from those of cumulative machines.

A differential compound motor has its series field
so connected that the current will flow through it
in the opposite direction to that of the current in
the shunt field windings, as shown in Fig. 114. This
tends to weaken the field flux whenever any load
is being carried by the motor.

The shunt field winding is the main winding and
under ordinary conditions it determines the polarity
of the field poles. Occasionally, however, when
thése motors are started up rather suddenly and
urider heavy load, the current flow through the differ-
ential series winding becomes very strong; and due
to its strong flux and the inductive effect which it
has on the shunt field coils during the time this flux
is building up around the series winding, it may
overcome the shunt field flux and reverse the polarity
of the field poles. This will cause the motor to start
up in the wrong direction.

To avoid this, the series field of a differential motor
should be short-circuited when starting. This can
be done by the use of a single-pole knife switch of
the proper size, connected across the series field
terminals, as shown in Fig. 114.

140. STARTING TORQUE AND STALLING
TORQUE

The starting torque of an ordinary differential-
compound motor is very poor, even poorer than that
of a shunt motor. This is due to the effect of the
heavy starting currents flowing through this field
and weakening the flux of the shunt field to such
an extent that the motor has very poor starting
torque. Motors of this type are usually started
without any load connected to them.

A reversing switch can be used to reverse the
polarity of the differential field and make the motor
operate cumulative during starting, and thereby
improve the starting torque of this motor.

Differential motors will not carry overload with-
out stalling. In fact they will usually only carry
about 75% of the full rated load of a shunt motor
of the same size. Whenever the load on such a
machine is increased, the series field current is in-
creased and, because it flows in the opposite direc-
tion of that in the shunt winding, it tends to neu-
tralize and weaken the total field flux and also
weaken the load-pulling torque.

DIFFERENTIAL COMPOUND MOTOR

Fig. 114. Differential compound motor connections. Note that the
series field is connected so it will oppose and weaken the effect of
the shunt field.

141. SPEED REGULATION AND APPLICA-
TIONS

Differential-compound motors have excellent
speed regulation up to a certain amount of load. As
the load is slightly increased, the motor tends to
slow down, but the increased current through the
differential series field immediately weakens the
shunt field flux and thereby causes the counter-
E. M. F. in the armature to be reduced.

This allows more current flow through the arma-
ture and maintains the speed at normal value. With
just the proper number of turns on a differential
series field, the tendency of the motor to slow down
with increased load and the tendency to speed up
with weakened field can be so balanced that they
will neutralize each other, and the speed will remain
almost perfectly constant if the load change is not
too great.

Note the speed curve shown for this type of motor
in Fig. 111.

Differential-compound motors are not used very
extensively, because of their very poor starting
torque: but they have certain applications where
very little starting torque is required and good speed
regulation is essential. The operation of textile
mill machinery is a good example of this application.

A convenient, practical method for determining
whether a compound motor has its series field con-
nected differential or cumulative is to operate the
motor and note its speed. Then reverse the series
field connection and again note the speed. Which-
ever connection gives the most speed is the differ-
ential connection of the series field winding.

142. BRAKE HORSE-POWER TEST FOR
MOTORS

Occasionally it may be desirable to make an actual
test of the horse-power output of a motor, in order
to determine its condition or efficiency. This can
be done by arranging a brake or clamp to apply
load to the pulley of the motor and thereby measure
the pull in pounds or the torque exerted by the
motor.



414 D. C., Section Three. H.P. and Efficiency of Motors

This method is known as the Prony Brake Test.
Fig. 115 shows the equipment and method of its
use for making this test. The brake can be made
of wood blocks cut to shape to fit the pulley and

fitted with bolts and wing nuts so the grip or ten- .

sion of the blocks on the pulley can be adjusted.
‘When making a number of these tests, it is also a
good plan to line the curved faces of the block with
ordinary brake lining such as used on automobiles.
This makes it possible to apply a smoother braking
effect without generating too much heat due to the
friction. :

An arm or bar, of either wood or metal, can be
attached to the brake blocks as shown in the figure,
and fitted with a bolt or screw eyes for attaching
the scales to the end of the bar. A spring scale, such
as shown in Fig. 115, can be used, or the bolt on the
underside of the arm end can be allowed to rest on
the top of a platform scale.

The brake arm should preferably be of some even -

length, such as 2 ft. or 3 ft., in order to simplify the
horse-power calculation. The arm length is mea-
sured from the center of the shaft to the point at
which the scale is attached.

With a device of this kind, load can be gradually
applied to the motor by tightening the brake shoes
or clamps until the motor is fully loaded.

An ammeter can be used in series with one of the
fine leads to the motor to determine when the ma-
chine has been loaded to its rated current capacity.
In case an ammeter is used, a voltmeter should also
be used, to see that the proper line voltage is applied
to the motor at the time of the test. A wattmeter
can be used instead of the voltmeter and ammeter
if desired.

When the brake has been adjusted so that the
motor is drawing its full rated load in watts, the
pound pull on the scale should be noted and the
speed of the motor in revolutions per minute should
be carefully checked.

The adjustment on the brake should be main-
tained to keep the motor pulling the same amount
on the scales and drawing the same load in watts
during the time the speed is being checked.

The motor speed can easily be checked by means
~of a speed counter or tachometer applied to the end

4

Fig. 115. The above diagram illustrates the method of making a
brake-h. p. test on a motor.

of its shaft while running. A watch with a second-
hand should be used for gauging the time accurately.

143. HORSE POWER CALCULATION

The horse power of a motor is proportional to the
product of its torque and speed. Therefore, when we
know the length of the lever arm in feet, the pull in
Ibs. on the scales, and the speed of the motor in
R. P. M., we can easily determine the horse-power
output by the following simple formula:

2XAaXR.PM.XPXL

h. p. 33.000
In which:
h. p. = the horse power developed by the motor
n = 3.1416, or the ratio between the diameter
and circumference of a circle. (2 X g =
6.28)
R. P. M. = Speed of the motor in revolutions per
minute
P = Lbs. pull on the scale
= Length of lever arm in feet
33,000 = Number of foot-pounds required per
per minute for one h. p.
As an example, suppose we have made a test on
a motor using a brake arm two ft. in length, and
have found that when the motor is fully loaded ac-
~ording to the electrical instruments, it applies 9
Ibs. pull on the end of the arm and revolves at. a
speed of 1500 R. P. M. Then, according to our
formula:

6.28 X 1500 X 9 X 2
Iils o = or 5.1 h. p.
33,000
144, EFFICIENCY TESTS

The efficiency of a motor is, of course, an im-
portant item, especially where a large number of
motors are being chosen for continuous operation of
certain equipment. The higher the efficiency of any
motor, the greater the h. p. it will produce from a
given amount of electrical energy in watts, and the
less power will be wasted in losses within the
machine.

These losses are partly mechanical, such as bear-
ing friction and “windage” due to the armature re-
volving through the air at high speed. They are also
partly electrical, such as losses in the armature and
field windings due to resistance and to a certain
amount of energy being transformed into heat, and
the slight magnetic losses due to hysteresis and
eddy currents.

The efficiency of D. C. motors may vary from 50%
or less for the very small fractional horse power
machines up to 90% for the larger ones, and even
higher than this for extremely large motors.

The efficiency of ordinary motors from 5 to 50
h. p. will usually range between 75 and 90 per cent;
so, when the efficiency of a machine is not known, a
good average figure to use is 80% or 85%.

As a general rule, the larger the motor, the higher
will be its efficiency. Fig. 116 shows a table in
which are given the efficiencies of several sizes of
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EFFICENCY OF 230VOLT COMPOUND DC MOTORS
”‘z' ZHF?F! AT 2 LOAD AT ¥, LOAD AT FULL LOAD
s 3% 8% 8o0%
10 79% o« 82.5% 857
25 847, 87 7 8157
s0 asy 87.5% 88.5%
200 87% 89 7% 91.5%

Fig. 116. This table gives the approximate efficiencies of various sized
D. C. motors at various percentages of load.

motors, from 5 to 200 h. p. You will also note by
examining this table that the efficiency of any
motor is better at full or nearly full load. There-
fore, it does not pay to operate motors lightly loaded
whenever it can be avoided by the selection and use
of motors of the proper size. In many cases, motors
which are larger than necessary have been installed
to operate certain machines, because these machines
require considerable starting torque. In a case of
this kind, the selection of a different type motor
with a better starting torque can often effect con-
siderable power saving.

145. EFFICIENCY CALCULATION

. The efficiency of any motor can be found by di-
viding its output in watts by the input in watts.
This is stated by the following formula:

W O
W I

e =

In which:
e = the efficiency of the motor in per cent.
W O = watts output
W I = watts input
The output and input can both be determined in
horse power or kilowatts, if preferred, and used in
the same manner in the formula.
When we have made a test of the horse power of
a motor by the Prony brake method and have
measured the electrical power input either with a

wattmeter or a voltmeter and ammeter, it is thex
an easy matter to determine the efficiency of the
machine with the formula just given.

For example, suppose we have tested a machine
and found its full load output to be 35.5 h. p. During
this test the wattmeter connected to the motor leads
indicated that it was consuming 31,150 watts. To
obtain the output in watts, we multiply 35.5 by 746,
as there are 746 watts in each h. p., and we find that
the output is 26,483 watts. .

Then, according to the formula, the efficiency of
this motor will be found as follows:

26,483

e = _31_.156-' or 85+ % efficiency

Fig. 117-A shows the method of conecting a watt-
meter to the terminals of a motor for determining
othe input or energy consumed. At “B” in this same
figure are shown the proper connections for a volt-
meter and ammeter used to determine the input of
the motor.

The readings of the voltmeter and ammeter can be
multiplied to obtain the power input in watts.

@),

Fig. 117. The above diagram shows the methods of connecting a watt-
‘meter or voltmeter and ammeter, to determine the KW or h.p.
input to a motor.

D. C. MOTOR STARTERS AND CONTROLS

There are two general types of D. C. motor control
equipment. One of these is used for starting duty
only, and the other can be used both for starting
and for controlling or regulating the speed of the
motors while running.

Motors of ¥4 h. p. or less can be started by con-
necting them directly across the line, as their arma-
tures are so small and light in weight that they
come up to full speed almost instantly. Therefore,
the heavy rush of starting current does not last
long enough to overheat their windings.

Medium-sized and larger D. C. motors should
never be connected directly across the full line volt-
age to start them, as their heavier armatures re-
quire more time to speed up and develop the ne-
cessary counter-voltage to protect them from exces-
sive starting current.

If these armatures are connected directly across
full line voltage when they are at rest, the rush of
starting current through them is likely to be more
than 10timesfull-load current. Thisexcessive current
will overheat the winding, and also possibly damage
the insulation of the coils by the powerful magnetic
field it sets up and the mechanical forces the coils
exert on the slots in trying to practically jerk the
armature up to full speed.

So, for this_reason, a starting resistance should
always be connected in series with the armature of
a D. C. motor when starting it, and left in the circuit
until the motor armature has reached full speed and
has built up its own protective counter-voltage.

When the current flows through this resistance, it
causes sufficient voltage drop so that only about
one-fourth of the line voltage is applied to the arma .
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ture. Fig. 118 shows the method of connecting the
starting resistance in series with the motor arma-
ture.

These starting resistances are usually arranged so
they can be gradually cut out of the armature circuit
as the motor comes up to speed, and when full speed
is reached the resistance is all cut out.

The starting current for D. C. motors should be
limited to about 14 to 214 times full-load current.
It is therefore necesaty that starting rheostats have
the proper resistance value and current capacity for
the motors with which they are usd.

146. TIME ALLOWED FOR STARTING
MOTORS
The period of time for which the starter resist-
ance should be left in series with the motor when
starting, depends upon the size of the motor and the
nature of the load attached to it. A motor connected

Fig. 118. This simple sketch shows the manner in which a resistance
is used in series with the armature when starting a D.-C, motor.
to a heavy load, of course, requires more time to
come up to full speed, and the larger the armature
of a motor, the more time is required for it to reach

full speed.

Usually from 15 to 30 seconds will be required on
ordinary motors. This rule, however, cannot be
strictly followed, as the time allowed for starting a
motor must be largely a matter of observation and
good judgment on the part of the'operator. One can
readily tell by the sound of the motor when it has
reached full speed.

While starting and operating various motors you
will gain considerable practice in judging the time
required for different motors. Always watch and
listen to the motor closely when starting it up, and
never leave the resistance in the circuit any longer
than necessary, or it is likely to become damaged
by overheating,

147. MOTOR STARTING RHEOSTATS

Starting resistances or Rheostats, as they
are called, should never be used to regulate the
speed of a motor after it is running. Starting
rheostats are designed to carry the armature current
only for a very short period and should then be cut

out of the circuit. If they are used for speed regu-
lation and left in the circuit for longer periods. they
are very likely to become overheated to a point
where the resistance metal will burn in two and re-
sult in an open circuit in the rheostat.

Armature starting resistances for small machines
are usually made up of iron wire, or wire consisting
of an alloy of nickle and iron. This resistance wire
is wound on an insulating base, or form of asbestos
or slate. .The turns of the coil are so spaced that
they don’t short together.

The taps are made at various points along the
coil and are connected to segments or stationary
contacts which are mounted on the face-plate of the
starter. A lever arm with a sliding contact is then
used to cut out the resistance gradually as the
motor comes up to speed. See Figs. 121 and 123.

148. SPEED CONTROL RHEOSTATS

Speed-regulating resistance can be used for start-
ing motors and also for controlling their speed over
indefinite periods. Rheostats for this use are made
of larger and longer resistance material and are
designed to carry the armature current for long
periods without damage from overheating.

Speed-regulating resistances are in some cases
made of heavy iron wire, but for medium and larger
sized motors are generally made of cast iron grids
or grids consisting of an alloy of nickle and iron.
The nickle alloy is generally preferred in the better
class controls.
1499. METHODS OF CONTROLLING THE

SPEED OF D. C. MOTORS

The speed of shunt and compound motors may
easily be controlled by the use of a rheostat in
series with the shunt field, as shown in Fig. 119.
By varying the resistance of the field rheostat, we
can vary thecurrent through the field of the motor. If
the field is weakened, the counter-E. M. F. generated
in the armature is momentarily reduced and more
current is allowed to flow through the machine.

This will cause the machine to speed up until the
counter-voltage produced in this weaker field is
again normal. If the motor field is strengthened, the

LINE

FIELD RHEOSTAT

100,

Fig. 119. This diagram shows the armature starting resistance and
also a shunt field rheostat for varying the speed of the motor.
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counter-voltage developed in the armature will be
increased, and this will cause the current flowing
through the machine to be reduced, allowing the
speed to decrease until the counter-voltage devel-
oped in this stronger field is again normal.

It is possible to vary the speed of a motor only
above its normal speed by the use of shunt field
rheostats.

The torque of a motor armature will vary in-
versely with the speed when the field is weakened
in the manner just described. The output in h. p,,
however, will remain approximately the same, as the
h. p. is proportional to the product of the speed and
torque. .

For example, if a certain motor normally rotates
at 1000 R. P. M. and develops 10 lbs. torque at the
end of a brakearm, the product of this speed and
torque is 1000 X 10, or 10,000.

Now, if we were to increase the speed of this
motor to 2000 R. P. M., or double its normal speed,
the torque, which varies inversely with the speed,
will be reduced to 5 lbs., or one-half its former
value. In this case, the speed times the
torque equals 2000 X 5, or 10,000 as before.

Motors that do not have interpoles should not
ordinarily be operated at speeds greater than 65 to
70 per cent above their normal speed ratings. On
motors that have interpoles, it is possible to obtain
speed variation as great as 6 to 1 ratio.

Field control is a very economical means of speed
variation for D. C. motors, since the output of the
motor in horse power remains practically unchanged
and the power lost in the field rheostat is very
small.

The power lost due to heating in any resistance
is equal to the square of the current multiplied by
the resistance, or I3 X R = W,

For example, let us assume that the resistance
of the field rheostat shown in Fig. 119 is 100 ohms,
and that the field current required by this motor is
2 amperes; then the power lost in the field rheostat
would be 22 X 100, or 400 watts.

150. SPEED CONTROL BY USE OF ARMA-
TURE RESISTANCE

The speed of shunt, series, and compound motors
can also be regulated or varied by means of a
rheostat in series with the armature, as shown in
Fig. 120. An armature resistance used in this man-
ner merely produces a voltage drop as the machine
current flows through it, and thus it varies the volt-
age applied to the armature.

When this method of speed control is used, the
strength of the shunt field of the motor is not
varied, as it is connected directly across the line so
it is not affected by the armature resistance. Ob-
serve this method of connection in Fig. 120..

When the voltage applied to the armature is de-
creased by cutting in the resistance of the armature
rheéostat, this will decrease the armature current
and the speed of the motor. Since the torque of
ary motor varies with the product of the armature

current and field flux, any change of this armature
current produces a corresponding change in the
torque and speed developed by the machine. When
the motor slows down to a speed at which its coun-
ter E.M.F. and effective armature voltage again bal-
ance the applied voltage, the current and torque
will again, be the same as before changing the speed,
providing the load torque remains constant.

151. SPEED CONTROL BY FIELD RESIST-
ANCE MOST ECONOMICAL GENERALLY
Speed control by means of armature resistance is
very wasteful of power because of the very heavy
armature current which must be passed through the
rheostat, and the losses due to heat and I R drop in
the rheostat.

If the armature shown in Fig. 120 requires 50
amperes for full load operation and the speed regu-
lating rheostat has .5 of an ohm resistance, then the
energy lost due to heat in the rheostat will be
12 X R, or 50 X 5, which equals 1250 watts.

If the field resistance were used for speed control
of this motor, the losses would be much less. We
will assume the field current to be 2 amperes, and
the field rheostat resistance 100 ohms. Then the
loss with this form of speed control would only be
22 X 100, or 400 watts.

The speed regulation of the motor which is con-
trolled by armature resistance is very poor when
the machine is operated below normal speed, while
the speed regulation of a motor controlled by the
field rheostat is very good, because the armature
in this case is always operated at the same voltage.

Shunt field rheostats for ordinary motors are
small compact devices, because they don’t need to
carry a great amount of current or to have a large
heat radiating surface.

REGULATING RES,
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Fig. 120. Rheostats for speed regulating duty use heavier resistance
units to stand the continued current load without overheating.

Armature rheostats are much larger and usually
made of heavy cast iron grids, or, in the case of
some of the latest type controls, they are made from
alloy of manganese and copper.

From the foregoing material, it is easy to see that
the use of the field rheostat provides a much more
economical method of motor speed control than the
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use of armature resistance, and it should there-
fore be used whenever possible.

The three principal advantages of field control
over armature control are as follows:

1. The horse power output remains practically
unchanged with field control but decreases
considerably with armature control.

2. Power lost in the field rheostat is much lower
than in armature rheostats, which must carry
the heavier armature current.

3. The speed regulation of a motor which is con-
trolled by field rheostats is much better than
that of a machine controlled by armature re-
sistance.

Resistance should never be cut in to both arma-
ture and field circuits at the same time on any
motor, because resistance in the armature circuit
tends to reduce the speed, while resistance in the
field circuit tends to increase speed. So each one
would tend to defeat the purpose of the other.

Both armature and field control are often used
together on the same motor, however, cutting out
resistance from the armature circuit to bring the
speed from zero up to normal, and cutting in resist-
ance in the field circuit to raise the speed above
normal.

152. D. C. MOTOR CONTROLLERS

There are many types of D. C. motor starters and
speed controllers, but the general principles of
practically all of them are very much the same.
Their function is usually to place resistance in
series with the motor armature when the machine
is started, and gradually cut out this resistance as
the machine comes up to speed.

Some controllers also make a slight variation in
the resistance in the shunt field circuit at the same
time the armature resistance is cut out. Some types
of controls have reversing switches or contacts in
addition to the rheostat element, so they can be
used for starting and reversing of motors.

The operation of controllers may be either
Manual or Automatic. In the manual types the
lever arm or sliding contact which cuts out the re-
sistance is operated by hand; while, in automatic
types, the movement of the sliding contact or
switches which cut out the resistance is ac-
complished by means of electro-magnets or sole-
noids, which may be operated by a small push but-
ton switch located either at the controller or some
distance from it. Because of this feature, certain
controllers are known as Automatic Remote-Control
devices.

The design of the various controllers depends in
each case upon the size of the motors they are to
operate and upon the class of ‘duty they are to per-
form.

153, CONSTRUCTION FEATURES

Common small motor controls consist of a box
or panel on which are mounted the stationary con-
tacts and sliding contact or controller arm; and
usually some form of latch or holding magnet to

hold the arm in running position, and frequently
some form of line switch or, possibly, reversing
switch.

On some of the smaller type controllers these
contacts, coils, and switches are on the outside of
the box or on what is called a “face plate,” made of
slate or insulating material.

Controllers used for small motors frequently have
the resistance coils mounted inside the box, di-
rectly behind the face plate. In such cases the box
is usually of well-ventilated construction, to allow
the heat to escape.

On larger controllers, the resistance coils or grids
are frequently located in a separate box or on a
panel, and have copper leads run from the contacts
on the panel to the resistance element.

Modern automatic types of controls frequently
have the entire assembly of magnets, switches, and
contacts enclosed in a metal safety cabinet.

Regardless of the type or application of the con-
troller, you should be able to easily understand their
circuits and principles, with the knowledge you
already have of electrical circuits, electro-magnets,
switches and rheostats.

154. THREE AND FOUR POINT STARTERS

Some of the most simple and common types of
controls used with shunt and compound motors are
called 3-point and 4-point controllers. The names
3-point and 4-point are derived from the number of
connections or terminals on the face plate of these
controllers. The 3-point control is usually arranged
for starting duty only, but in some cases it may also
be used for speed contral, if it is properly designed.

Fig. 121 shows the wiring and electrical connec-
tions of a simple 3-point starter. In this diagram
all parts and connections are in plain view and the
path of the armature current is marked with solid
black arrows, while the field circuit is shown by the
dotted arrows. Trace this circuit out thoroughly
and become familiar with the principles and opera-
tion of this fundamental type of starter.

To operate a controller of this type and start the
motor, the first step will be to close the line switch
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3 PoINT STARTER

Fig, 121. This diagram shows the connections for a simple 8-point
D. C. motor starter. Trace the circuit carefully with the accom-
panying instructions.




D. C., Section Three.

“No Voltage” and “No Field” Protection 419

to apply the line voltage to the controller and motor.

You will note that one side of the line connects
directly to the motor and that the controller is in-
serted in the other line wire, so that its resistance
will affect both the armature and field circuits dur-
ing starting.

The first step after closing the line switch is to
move the lever arm “H” to the first point or con-
tact attached to the left end of the controller re-
sistance. Current will then start to.flow from the
opposite line wire, through the controller arm, and
through the entire resistance to the motor armature
and series field, and then back to the negative line
wire, as shown by the solid arrows.

Another circuit can also be traced from the lever
arm when it is in contact with point No. 1, as the
current divides at this point and a small amount
flows through the holding magnet “M”, then through
the shunt field winding and back to the negative line
wire, as shown by the dotted arrows.

As soon as the motor starts to turn, the controller
arm can be moved slowly across the contacts in
order, 1, 2, 3, etc. This cuts out the resistance from
the armature circuit step by step as the armature
develops speed and begins to generate counter-
voltage.

When the last contact point is reached, all re-
sistance has been cut out of the armature circuit,
and the lever arm will be held in this running po-
sition by the holding magnet “M”, which is in
series with the shunt field circuit.

155. “NO VOLTAGE” and “NO FIELD” RE-
LEASE COIL

The reason for connecting this holding magnet
in series with the motor fieid is to provide what is
known as “no field” protection.

We have learned that a motor with a very weak
field is likely to overspeed dangerously. This would
probably be the case if an open circuit should oc-
cur in the shunt field coils or connections of a motor
of this type, when it is not loaded.

However, with the holding magnet, “M”, con-
nected in series with the shunt field, if any break
occurs in this circuit the magnet, “M”, will be de-
energized and allow the controller arm to be thrown
back to the “off” position by means of a spring.
This will stop the motor before it has a chance to
overspeed.

This holding magnet also acts as a “no voltage”
release, so that if the voltage or power supplied
at the line should fail, the starter arm will be re-
leased and return to normal position and thus stop
the motor.

If this protection were not provided and the
controller arm were left in running position, the
motor might be burned out or injured when the
power came back on the line, because there would
then be no resistance in series with the motor arma-
ture.

* This holding magnet is often referred to as a
no-field or no-voltage release coil, and provides this

very important protection to the motor, in addition to
serving its function of holding the starter arm in
place.

156. ALL RESISTANCE OUT OF FIELD CIR-
CUIT DURING STARTING

You will note by tracing the circuit when the
starter arm is in the running position, that the field
current will then have to pass back through the en-
tire starter resistance, through coil “M”, and the
shunt field. We find, therefore, that as the controller
cuts the resistance out of the armature circuit, it
places the same resistance in the shunt field circuit.
The advantage of this is that it provides maximum
strength of the shunt field during starting of the
motor, when it is naturally desired to provide the
best possible starting torque.

As the motor comes up to speed, the shunt field
strength can be reduced to normal by causing its
current to flow through the starter resistance.

The value of the armature resistance in ohms is
very low and it therefore doesn’t affect the shunt
field as much as it does the armature, because the
very small current required by the shunt field
doesn’t create much voltage drop when flowing
through this resistance.

157. STOPPING A MOTOR

To stop the motor, we should always open the line
switch, which will interrupt the current flow through
the armature and field, and also allow the controller
arm to fall back to starting position.

Never attempt to stop a motor by pulling the con-
troller arm back across the contacts while the line

_ switch is closed.

This would cause severe arcing and damage to
the controller contacts, which should always be kept
smooth and in good condition.
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Fig. 122, Wiring diagram of a 4-point starter for speed regulating.
Observe the connections and operating principle carefully.

158. STARTER TERMINALS AND CONNEC.-
TIONS

You will note in Fig. 121 that the terminals on the

starter are marked L, A, and F, to indicate the con-

nections for the line, armature, and field. This makes
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it a very simple matter to connect up controllers
of this type to the line and motor.

The principal point to keep in mind is that one
line wire should connect directly to the motor, be-
ing attached to both the shunt field and armature, or
series field leads. The other side of the line should
connect to the line terminal on the controller, and
the remaining armature and field leads of the motor
should connect respectively to the armature and field
terminals on the controller. These terminals are
usually marked on the controller or on the blue
print supplied with it by the manufacturers.

159. SPEED REGULATING CONTROLLERS
Fig. 122 shows a 4-point controller of the type
which can be used both for starting and speed regu-
lation of D. C. motors. The resistance element of
this controller is made of heavier grids of iron or
nickle alloy, and is designed to carry the full arma-
ture current of the motor for indefinite periods.
The principal differences between this controller
and the one shown in Fig. 121 are the larger re-
sistance element, the use of 4 terminal points in-
stead of 3, and the arrangement of the holding mag-
net, “M”. With this speed-regulating controller,
the lever arm and holding magnet are mechanically
arranged so that the arm can be held in any position
between No. 1 and 6 on the resistance contacts.
This allows the arm to be set for any desired
speed of the motor. In this case, both line wires
are connected to the controller terminals marked
“L-1” and “L-2”. The reason for connecting the
negative line wire to the controller at “L-2" is

merely to complete the circuit of the holding coil

“M”, directly across the line.

The small resistance “R” is placed in series with
the magnet coil to keep it from overheating.

The armature path of current in Fig. 122 is shown
by the large solid arrows, the shunt field current by
the dotted arrows, and the current through the
holding coil “M?”, by the small solid arrows. Trace
each of these circuits out very carefully to be sure
you thoroughly understand the operation of this
controller.

Fig. 123 shows two views of a simple motor
starter of the 3-point type. The view on the left
shows the starter completely enclosed in the safety
box with just the handle projecting from the front
cover. When the cover is closed this handle con-

Fig. 123. Photo of a simple 3-point starter enclosed in a2 metal
safety box.

nects with the sliding contact arm inside the box.
The view on the right shows this arm as well as
the stationary contacts and holding magnet.

Where small, low priced starters of the type just
described are used, fuses are generally used with
them to provide overload protection for the motors.
Sometimes these fuses as well as the line switch are
enclosed in the same box with the starter, as shown
in Fig. 124..
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Fig. 124, Speed regulating controller with fuses and line switch enclosed
in a controller box.

The switch in this case is also operated by a
safety handle on the outside of the box.

Fig. 125 shows three forms of resistance elements
such as are commonly used with motor starters.
In the lower view, the resistance wire is wound on
insulating forms of heat-resisting material, and then
coated over with a plaster-like substance of the
same nature. Note how a number of these coils can
be mounted on a rack and spaced to allow ventila-
tion. We can then connect several such units or
coils in series or parallel, as desired, to obtain the
proper resistance with convenient standard units.

The view on the upper right shows a heavy-duty
resistor made in the form of grids. These grids are
clamped together with bolts as shown, and are
spaced with washers of porcelain or some other in-
sulating and heat resisting material.

Resistance coils are frequently wound on tubular
shapes or forms, and mounted in the starter box,
as shown at the upper left in Fig. 125. The copper
wires or leads shown attached to these coils are
used for connecting them to the stationary segments
or contacts on the starter plate.

160. CARBON PILE STARTERS

In some classes of work, such as the operation of
textile mill machinery and certain other equipment, it
is desirable to have very gradual application of the
starting torque of the motor when the machines are
first put in motion.

To accomplish this, it would, of course, be necessary
to start the motor with extremely high resistance in the
armature circuit, so that the starting current could be
limited to only a very small fraction of the load cur-
rent. For this purpose, some starters are made with
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resistance elements consisting of small carbon disks
stacked in tubes of non-combustible material with an
insulating lining, as shown in the left-hand view in Fig.
126.

As long as these carbon disks are left loose in the
column or tube, the resistance through them is very
high, because of the loose contact between each disk
and the next. 1f pressure is gradually applied to the
ends of this column by means of a lever and spring,
this tightens the contacts between the disks and very
gradually reduces the resistance through the pile.

One or more of these tubular piles or resistance ele-
ments can be arranged in a starter as shown in the right-
hand view of Fig.-126; so that pressure can be smooth-
ly applied to them by means of the lever shown in this
view. Starters of this type are known as carbon
pile starters, and they afford a means of starting
motors more gradually and smoothly than with
practically any other device on the market:

161. SMOOTH STARTING OF MOTORS
WITH CARBON STARTERS

When using a starter of this type, there is practically
no sudden increase in the starting current through the
motor, as there is when the lever arm of the “step by
step” starter is shifted from one contact to the next.

In addition to the pressure-applying device in starters
of this type, there must also be some form of switch
or contactor to short circuit the carbon piles entirely
out of the armature circuit after full pressure has been
applied and the machine is up to speed. The reason
for using this short-circuiting switch is that the resist-
ance of the carbon pile is still too high to leave in the
motor circuit, even when the disks are under maximum
pressure; and they would tend to overheat if left in
the circuit too long.

Tubes with larger disks are provided, however, for
use with speed-regulating controllers, and these can
be left in the circuit while the motor is running.

Two or more of these carbon pile tubes can be con-
nected in series or parallel to obtain the proper current-
carrying capacity of different controllers. If the disks

Fig. 125. Several styles of resistance units commonly used with motor
- ptarters and speed controls,

become worn or damaged at any time, they can easily
be replaced by removing the tubes from the controller
and replacing with complete new tubes; or the end
plug can be removed from any tube and the disks
taken out, so that one or more of those which may
be damaged or cracked can be replaced.

Carbon pile controllers are also made in automatic
types as well as those for manual operation.

Motor controllers are made in various h. p. ratings,
and when purchasing or installing them, care should
be used to see that they are of the proper size to carry
the current for the motor which they are operating,
without overheating of the resistance elements or burn-
ing the contacts.

Fig. 125-A. Simple type of D. C. motor starter lnq speed control,
Note the extra sets of contacts for the field resistance used in
varying the speed.

162. CIRCUIT OF A CARBON CONTROLLER

Fig. 127 shows the circuit of a simple, manual-type,
carbon pile, motor starter. In this diagram the path
of the armature current is shown by the solid arrows
and can be traced from the positive line wire through
the armature of the starter to contact 1. From this
point, the armature current flows through the lower
wire to the bottom of the carbon pile, up through the
carbon disks, out at the top through a flexible lead, on
through the armature and series field, and back through
the negative line wire. i

As soon as the starter arm makes contact with 1,
field current can also flow, as shown by the dotted ar-
rows from the positive line, through the starter arm;
and from contact 1 the current flows up through the
curved brass strip, through the holding coil, “M”;
through the shunt field; and then back through the
negative line wire. ' _

As the starter arm is moved slowly upward, it ap-
plies more and more pressure to the carbon disks by
means of the hook and spring shown in the figure.
When the starter arm reaches contact 2, full pres-
sure has been applied to the carbon disks; and the
arm, upon touching contact 2, short-circuits the car-
bon pile out of the armature circuit.
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The current then flows from the starter arm to con-
tact 2, out at the armature terminal “A” through the
motor, and then to the negative line wire.

163. AUTOMATIC STARTERS
As previously mentioned, a great number of motor
starters and controllers are equipped with solenoids or
electro-magnets which operate the switches or arms
which cut out the starting resistance as the motor comes
up to speed. This type of construction eliminates man-
ual operation of the controller and reduces liability of
damage to motors and controllers by improper use when
controllers are operated manually by careless operators.
If a manual starter is operated too rapidly and all
of the resistance is cut out before the motor comes up
to speed, or if the starter is operated too slowly thus
leaving the armature resistance in the circuit too long,
it is likely to damage both the controller and the motor.
Automatic controllers which are operated by sole-
noids or electro-magnets usually have a time control
device, in the form of a dash-pot attached to the sole-
noid or starter arm. By the proper adjustment of the
dash-pot, the controller can be set so that it will start
the motor in the same period of time at each operation.
Other controllers have the time period which they
are left in the circuit regulated by the armature cur-
rent of the motor so that the resistance cannot all be cut
out of the circuit until the starting current has been
sufficiently reduced by the increased speed of the motor.

Fig. 126. Carbon-pile rheostat for starting D. C. motors very gradually,
On the left is shown one of the carbon resistance elements used
with such starters.

Fig. 127. Wiring diagram for a carbon-pile motor starter. Trace the
circuit carefully.

164, REMOTE CONTROL

Another great advantage of magnetically operated
controllers is that they can be controlled or operated
from a distance by means of push-button switches
which close the circuit to the operating solenoids or
‘magnets.

For example, a motor located in one room or on a
certain floor of a building can be controlled from any
other room or floor of the building. Elevator controls
are a good example of the use of remote control equip-
ment. Elevator motors are usually located on the top
floor of the building and are controlled by a switch in
the car of the elevator which merely operates the
circuits of the magnets or solenoids on controllers lo-
cated near the motors.

Remote control devices can be used to improve the
safety of operation of many types of machinery driven
by electric motors. Push buttons for stopping and
starting the motor which drives a machine can be lo-
cated at several convenient places around the machine,
so that they are always within reach of the operator
in case he should become caught in any part of the
running machinery. -

Automatic and remote types of controllers are, of
course, more expensive to install, but they will usually
save considerably more than the difference in their
first cost, by increasing the life of the motor and Con-
trol equipment, and by reducing repair bills which are
caused by careless operation of manual starters.

There are many types of automatic starters on the
market and in use, but their general principles are very
much the same; so you should have no difficulty in un-
derstanding or installing any of the common types, if
you will make a thorough study of the principles cov-
ered in the following pages.

165. OPERATION OF AUTOMATIC
CONTROLLERS

Fig. 128 shows a diagram of an automatic starter
which uses a solenoid coil at “S” to draw up an iron
core or plunger and at the same time raise the contact
bar “B”, which in this case takes the place of the lever
arm used on the previously described controllers,

N
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This controller is arranged for remote control by
means of the stop and start push buttons shown at the
upper right-hand corner. When the “start” button is
closed, it completes a circuit through the solenoid coil,
as shown by the small dotted arrows. _

Trace the circuit of this controller in Fig. 128 very
carefully while reading the following explanation.

Assuming the line switch to be closed when the start
button is pressed, current will flow as shown by the
small dotted arrows from the positive line wire, through
the solenoid coil and contacts “B”, which are closed at
this time; leaving the controller at terminal 1 and pass-
ing throught the closed circuit stop switch, through the
starting switch, and back to terminal 3, .

From this point, it passes through a wire inside the
controller to terminal L-2 and back to the negative line
wire, thus completing the solenoid circuit. This ener-
gizes the solenoid coil and causes it to lift its plunger
and raise the upper main contact bar “B”.

This bar is prevented from rising too rapidly by a
dash-pot attached to the solenoid plunger. The dash-
pot consists of a cylinder in which are enclosed a piston
and a quantity of oil. As the piston rises it presses the
oil before it and retards the motion of the plunger,
allowing it to move upward only as fast as the oil can
escape around the edges of the piston, or through a
by-pass tube which is sometimes arranged at the side
of the cylinders.

As soon as the solenoid plunger starts to rise, it al-
lows the spring contact “A” to close and complete the
“holding” circuit through the solenoid, without the aid
of a start button.

The start button then can be released and current will
continue to flow through the solenoid, as shown by the
small solid arrows, causing it to continue to draw up
the plunger.

As the plunger moves up a little further, the copper
contact bar “B” touches the contact finger or spring 1,
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Fig. 128. This diagram shows the wiring for an automatic starter of
the solenoid type. Trace each circuit until you thoroughly under-
stand the operation of this controller.

which connects to the first step of the armature resis-
tance. This allows current to flow as shown by the large
solid arrows, from the positive line wire and line ter-
minal “L-17, through the flexible connection to bar
“B”, contact spring No. 1, then through the full arma-
ture resistance to armature terminal “A”, series field,
motor armature, back to terminal “L-2”, and the nega-
tive line wire.

A circuit can also be traced throught the shunt field
of the motor, as shown by the large dotted arrows.

As the solenoid continues to draw the plunger slowly
upward, the bar “B” next makes contact with springs
2, 3, 4 in succession, thus short circuiting and cutting
out the armature resistance one step at a time.

When the bar touches contact spring 4, the current
will flow directly from the bar to terminal “A”, and
through the motor armature, without passing through
any of the starter resistance.

166. ECONOMY COIL

The small auxiliary switch shown at “B” below
and to the right of the solenoid in Fig. 128 is for
the purpose of cutting a protective resistance in
series with the solenoid coil, after the plunger has
been raised to the top of its stroke. When the
plunger reaches this point, it will lift the arm of
this switch, causing the contacts to open.

The current required to hold the plunger in posi-
tion once it is up is much less than the current re-
quired to start it and pull it up. This smaller holding
current will flow through the economy resistance,
instead of through the contacts at “B”, as it did while
starting.

Cutting in this economy resistance not only saves
current but prevents the solenoid coil from becom-
ing overheated when it holds the controller in opera-
tion for long periods. The economy resistance will
usually reduce the current flow through the solenoid
coil to one-half or less than one-half its value during
starting.

167. STOPPING THE MOTOR

To stop the motor with a controller of this type,
it is only necessary to press the stop button. This
breaks the holding circuit through the solenoid coil
and allows the plunger to fall. The plunger is per-
mitted to fall rapidly by means of a flap valve, which
allows the oil to escape rapidly when the piston
moves in a downward direction. When the plunger
reaches the bottom of its stroke, it trips open the
switch “A” in the holding circuit; so it will then be
necessary to close the starting switch to energize
the solenoid once more. The motor can also be
stopped by opening the line switch.

Fig. 129 shows the front view of a solenoid-type

- starter very similar to the one just described. The

spring contact-fingers which cut out the armature
resistance are slightly different on this starter than
on the bar and spring type illustrated in the diagram,
but their electrical principle is identically the same.

Beneath the solenoid in Fig. 129 can be seen the
oil dash-pot which slows the operation of the
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Fig. 129. Photo of a solenoid operated motor starter. Note the
arrangement of the contact fingers and also the main line contactor
on the left, and the oil dash-pot on the solenoid.

plunger, and on the left side of this dash-pot is
shown a small adjusting screw by which the speed
of the plunger operation can be varied as desired.

Fig. 130 shows several types of push-button sta-
tions such as are used with remote controllers.

168. DASH-POTS FOR TIME DELAY ON
' CONTROLLERS

Fig. 131 illustrates the principle of the dash-pot
timing device used with many automatic starters.
When the plunger rod “R” is drawn up by the sole-
noid, the piston on the lower end of this rod lifts
the oil by the suction of the piston and forces it
through the needle valve “V”, and around into the
lower part of the cylinder.
~ The speed with which the plunger will rise can,
therefore, be adjusted by means of the screw of the
needle valve, which will allow the oil to pass more
or less rapidly through this opening.

During the period that the piston is lifting against
the oil, the disk “D” holds tightly against the open-
ings or ports at “P” in the piston. When the line
switch is opened or the stop button is pressed, allow-
ing the plunger to fall, the pressure on the under
side of the piston forces the disk “D” to open the
ports at “P”, and allows the plunger to fall very
rapidly.

Several types of push-button stations used with automatic

Fig. 130.
remote controllers.

This dash-pot time-delay device should be care-
fully adjusted, according to the load on the motor
and the time required for the motor to accelerate
this load to full speed.

169. MAGNETIC STARTERS

The term magnetic starter is commonly used to
apply to starters on which the operation depends
almost entirely on relays, although they may have
either a solenoid or an electro-magnet for overload
protection. -

Controllers of this type have a number of separate
contactors, each operated by its own electro-magnet.
These contactors and their circuits are so arranged
that they operate in succession, and thus gradually
short out resistance from the motor armature circuit.

Controls of this type are used very extensively
on large industrial motors, steel mill motors, eleva
tor motors, etc. :

On medium-sized motors, the controller mechan-
ism and contactors are often assembled inside the
metal box or cabinet. For very large motors the
contactors and magnets are usually assembled on a
panel similar to a switchboard, and the resistance
grids or elements are generally located at the rear
of this panel, either on the floor or in a special rack
above.

Fig. 132 shows a diagram of a magnetic controller.
This controller operates as follows:

After closing the line switch, either of the start
buttons at the remote control stations can be pressed
to close a circuit through the remote control relay
“A”, as shown hy the small dotted arrows.

Fig. 131. The above sketch illustrates the principle of an oil dash-pot
used as a time control on motor starters.

This relay magnet then attracts its double arma-
ture and closes contacts 1 and 2. Contactor 2 com-
pletes a holding circuit through relay “A” in series
with the stop switches of the remote control stations.
This circuit is shown by the small solid arrows.

The same contactor, No. 2, also completes a cir-
arrows. :

The current for this relay passes through the lower
portion of the armature resistance and doesn’t close
cuit through relay “B”, as shown by the small curved
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contactor 4 immediately. Current for coil “B” is
limited by the voltage drop in the armature resis-
tance.

Contactor 1, which was operated by relay “A”,
closes a circuit through the overload release coil,
“0. L.”, to the motor terminal “M"”, as shown by the
large dotted arrows. At this point the current di-
vides and passes through both the armature and
field circuits in parallel, and through the controller
back to the negative line wire.

The armature current shown by the solid black
arrows returns through the terminal “A-1” on the
controller, through the winding of relay “F” and
armature starting resistance in parallel. This cur-
rent divides through the relay winding and arma-
ture resistance in proportion to the resistance of each
path. As the relay winding is of much higher resis-
tance than the armature resistance unit, most of the
current will pass through the armature resistance
and back to the line. However, enough current flows
through the winding of relay “F” to cause it to be-
come energized and close contactor 3, which short
circuits the field rheostat, “F R”, cutting this resis-
tance out of the shunt field circuit of the motor.

The armature resistance used with this controller
performs the same function as with any other type,
namely that of causing a voltage drop and reducing

the current flow through the motor armature during
starting.

When contactor 3 is closed, the shunt field of the
motor is connected directly across full line voltage,
thus allowing the shunt field to receive full strength
current and produce the good torque necessary for
starting.

170. TIME OF STARTING DEPENDS ON
STARTING CURRENT

We recall that relay “B” didn’t energize when the
circuit through its coil was first closed because it is
in series with about one-third of the armature re-
sistance. Therefore, as long as the heavy starting
current is flowing through this armature resistance
and causing considerable voltage drop, part of that
voltage drop being in series with the coil of relay
“B”, limits its current and prevents it from becom-
ing strong enough to close its armature.

As the motor comes up to speed and develops
counter-E. M. F., thereby reducing the starting
current through the armature resistance, this will
also reduce the voltage drop through that section of
the resistance which is in series with coil “B”. This
allows the current through coil “B” to increase slightly
and causes it to close contactor 4. When this con-
tactor closes it places a short circuit on the coil of
relay “T”, which can be traced from X to X-1, and
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Fig. 132, This diagram shows the complete wiring of a modern magnetic type controller.

You will find it very interesting and exceedingly

well worthwhile to trace each circuit and obtain a thorough understanding of the operating principles of this starter.
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X-2 to X-3. This shorts the current around the coil
of relay “F” and causes it to de-energize and release
contactor 3.

When this contactor opens, it releases the short
circuit on the field rheostat, “F. R.” and places this
resistance back in series with the shunt field of the
motor. This allows the motor speed to make its final
increase for the starting operation, and also allows
the field rheostat to be used for regulating the speed
of the motor.

Contactor 4 is adjustable and can be set to pull in
on any desired voltage within the range of this con-
troller. By adjusting the screws to allow the relay
armature to normally rest farther away from the
core, it will require a higher voltage to operate this
contactor.

This means that the motor will have to reach a
little higher speed, develop more counter-E. M. F.,
and further reduce the starting current flowing
through the armature resistance, and thereby reduce
the voltage drop, allowing a higher voltage to be
applied to the coil of relay “B” before it will operate.

Fig. 132-A. This photo shows the manner in which the magnetic con-
tactors of industrial controls of the larger type are often mounted
on an open panel.

When this relay does operate, it short-circuits the
armature resistance completely out of the motor
circuit by providing a path of copper around the
resistance from X-1 to X-2. So we find that the time
delay on this relay and controller depends upon the
reduction of the starting current through the motor
armature and the armature resistance of the con-
troller.

Therefore, if the motor is more heavily loaded at
one time of starting than at another and requires
longer to come up to full speed and develop the
proper counter-voltage, this controller will automati-
cally leave the armature resistance in series that

much longer. For this reason it is a very practical
and dependable type of control.

After the motor is up to full speed and the con-
troller starting operation completed, the armature
current will then be flowing through the circuit as
shown by the square dots.

171. OVERLOAD PROTECTION

In tracing this circuit you will find that the arma-
ture current passes continuously through the coil
of the overload relay “O. L.” as long as the motor is
in operation.

The purpose of this overload relay, which is in-
cluded with many controllers of this type, is to pro-
tect the motor from overload, both during starting
and while the motor is running at full speed.

The coil of this relay is in series with the motor
armature and therefore consists of a very few turns
of heavy conductor capable of carrying the full arma-
ture current for indefinite periods.

If an overload is placed on the motor, thereby in-
creasing its armature current, the increased current
will increase the strength of the coil of the overload-
relay solenoid.

This will cause it to draw up the plunger “P”
slowly against the action of the oil in the dash-pot
“T”. This dash-pot can be so adjusted that it will
require more or less time for the plunger to complete
its upward stroke, and so that an overload which
only lasts for an instant does not raise the plunger
far enough to stop the motor.

The dash-pot is often called an inverse time limit
device, because the time required to draw up the
plunger is inversely proportional to the current or
amount of overload on the motor. A severe overload

Fig. 132-B. Photo of the control panels for a group of elevator motors.
. Note the contactors on the face of the panel and the resistance
grids located above.
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Fig. 132-C.

increases the strength of the coil to such an extent
that the plunger will come up very quickly.

If the overload remains on the motor, the plunger
will be drawn up completely until it strikes the over-
load-trip-contact, “O. L. T.”. This opens the circuit
of the relay coil “A”, allowing it to release both its
armatures and contactors 1 and 2.

When contactor 1 is opened, it disconnects the
motor from the line, and 2 breaks the holding cir-

~ cuit of coil “A”, requiring it to be closed again, by
means of the start buttons, after the overload on the
motor is removed.

172, “BLOW-OUT” COIL

The magnetic blow-out coil, “B. O.” is for the pur-
pose of providing a strong magnetic flux for ex-
tinguishing the arc drawn at contactor 1 when the
motor circuit is broken at this point.

The action of this blow-out coil is purely mag-
netic. The few turns of which it consists are wound
on a small iron core, which has its poles placed on
either side of the contacts where the circuit will be
broken. This provides a powerful magnetic field at
the exact point where an arc would be formed when
the circuit is broken by this contactor.

As the arc is in itself a conductor of electrical cur-
rent and has a magnetic field set up around it, this
field will be reacted upon by the flux of the blow-out
coil and cause the arc to become distorted or
stretched so that it is quickly broken or exting-
uished. This prevents the arc from lasting long

This view shows the control panels for a group of modern elevator machines of the motor-generator type. The magnetic
contactors on these panels are operated by remote control from the elevator car.

enough to overheat and burn the contacts to any
great extent.

Regardless of the extent of the overload, the mag-
netic blow-out coil is very effective, because the
entire load current of the motor flowd through its
turns and its strength is therefore proportional to
the current to be interrupted at any time.

Fig. 133 illustrates the principle and action of this
blow-out coil on an arc drawn between two contacts
which are located between the poles of the magnet.

In the view at the left, the solid lines between the
contacts “A” and “B” represent the arc and the cur-
rent flowing through it, while the dotted lines be-
tween the magnet poles represent the strong flux
which is set up by them.

In the view at the right, the circle and dot repre-
sent an end view of the arc, and the direction of the
flux around the arc is shown by the three arrows.
The dotted lines show the magnetic flux from the
poles of the blow-out magnet.

By noting the direction of this flux and that
around the arc, we find that the lines of force will
tend to be distorted as shown, and will stretch the
arc out of its normal path in the direction shown by
the dotted arrow.

The-circuit of a controller such as shown in Fig.
132 may at first seem rather complicated, but you
will find after carefully tracing through each part
of it several times, that its operation is exceedingly
simple. It is only by tracing such circuits as these,
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both in the diagramg and on the actual equipment,
that you will be able to fully understand the opera-
tion of controls of this type and become competent
in testing their circuits to locate any troubles which
may develop in them.

This diagram and the explanation given in the ac-
companying paragraphs are, therefore, well worth
thorough and careful study.

The controller shown in Fig. 132 uses a field rheo-
stat for controlling the speed of the motor. This
rhe6§§at can be adjusted, or set at various points.
by hand.

Fig. 133, The above sketch illustrates the principle by wbich the
magnetic blow out coil extinguishes arcs on controller contacts.

Fig. 134 shows a magnetic type of controller very
similar to the one for which the circuit is shown in
Fig. 132. The several magnetic contactors and over-
load trip coil can be see mounted on the panel in
the cabinet. This view, however, does not show the
field rheostat for speed regulation.

173. DRUM CONTROLLERS

Drum controllers are very extensively used in the
operation of D. C. motors where it is required to be
able to start, stop, reverse, and vary the speed of the
motors. The name drum controller comes from the
shape of this device, and the manner in which the
contacts or segments are mounted on a shaft or

drum. This cylindrical arrangement of the contacts

is made in order that they may be rotated part of a
turn in either direction and brought into connection
with one or more sets of stationary contacts.

Drum controllers are usually manually operated

[

Fig. 134, P_hotp of an enclosed type magnetic starter for small and
& mediumt sized motors. :

and can be provided with almost any number and
desired arrangement of contacts. Drum controls are
extensively used for controlling the motors used on
street cars and electric trains, cranes, hoists and
machine-tool equipment, where it is necessary to be
able to reverse and vary the speed of the motors.

174. OPERATION OF SIMPLE DRUM
CONTROL

Fig. 135 shows a very simple form of drum con-
trol and illustrates the manner in which the movable
drum contacts can be used to short out the armature
resistance step by step from the motor circuit. When
the drum shown in this figure is rotated the first
step and brings the movable segments “A” and “B”
into connection with the stationary contacts, current
will start to flow through the entire set of resistance
coils, through segments “B”, and the jumper which
connects it to “A”, through segments “A” to con-
tact 1; then through the motor armature and back
to the negative side of the line.

When the drum is rotated another step to the left,
segment “C” touches contact 3, and as “C” is con-
nected to “B” by the jumper, this short circuits the
resistance between contacts 3 and 2.

Rotating the drum two more steps will short out
the remaining two sections of resistance in the same
order. Thus a simple drum-control can be used to
gradually cut out the resistance as the motor comes
up to full speed.

.

Fig. 135. Simple drum controller showirg the method in which the
c}tlmtacts and segments cut out the armacure resistance when starting
the motor,

By making the resistance elements large enough
to carry the motor current continuously, and the
drum contacts and segments of heavy copper so
they can stand the arcing and wear caused by open-
ing and closing the motor armature circuit, this
type of drum controller can be used for speed-regu-
lating duty as well as for starting.

The motor used with this controller in Fig. 135 is
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a straight series motor similar to the type used on
street cars and traction equipment.
175. REVERSING ROTATION OF MOTORS

We have learned that, in order to reverse a D. C.
motor, it is necessary to reverse either the field or
the armature current, but not both. Some con-
trollers are connected to reverse the field of a mo-
tor, while others reverse the armature. On ordinary
shunt motors the field is usually reversed, but with
compound motors it is necessary to reverse both the
shunt and series field if this method of reversing the
motor is used.

So, for motors of this type, it is common practice
to reverse the armature and leave both the shunt
and series fields remain the same polarity. To re-
verse the armature leads will require only half as
many extra contacts on the controller, as would be
required to reverse both the series and shunt field
leads. ’

When the direction of rotation of a compound
motor is changed by reversing the field, both the
series and shunt field leads should always be re-
versed ; because if only one of these fields were re-
versed the motor would be changed from cumulative
to differential compound.

= |+

Fig. 136. The above sketch shows tbe manner in which a motor can
be reversed by reversing its field witb a double-pole, double-throw
knife switch,

I'ig. 136 shows the manner in which a simple
double-pole, double-throw, knife switch can be used
to reverse a shunt motor by reversing the connection
between the field and the line.

\When switch blades are closed to the left, current
will flow through the shunt field in the direction

~shown by the arrows. If the switch is thrown to

the right, the current will flow through the field in
the 6pposite direction, as can readily be seen by trac-
ing “the circuit through the crossed wires between
the ;stationary clips. This same switching method
can} of'tdurse, be used to reverse the connections of
the armature to the line, if desired. This reversing
switch effect can be built into a drum controller by
the proper arrangement of its contacts.
176. REVERSING DRUM SWITCHES

Fig. 137 shows a simple reversing drum-control
used for reversing the direction of current through
the armature only. This diagram doesn’'t show the
starting resistance or contacts, but merely illustrates
the principle or method by which several of the con-
tacts on a drum controller can be used for a revers-
ing switch.

el -~
< -~

Fig. 137. Drum control with the contacts arranged to reverse the
direction of current through the armature and thereby reverse the
motor,

The drum control shown in Fig. 137 has one set
of stationary contacts—A, B, C, and D, and two sets
of moving segments or contacts, Nos. 1 to 8. These
two sets of moving contacts are mounted on the
same drum and both revolve at the same time, but
in diagrams of this sort these parts are shown in a
flat view in order to more easily trace the circuit.

If the drum contacts are moved to the left, the
movable contacts 1, 2, 3, and 4, will be brought into
connection with the stationary contacts A, B, C,
and D. The current flow through the armature can
then be traced by the solid arrows, from the posi-
tive line wire to stationary contact “A”, movable
segment 1, through the jumper to movable segment
2, stationary contact “B”, through the armature in
a right-hand direction, then to stationary contact
“D,” movable segment 4, through the jumper to
movable segment 3, stationary contact “C”; and
back to the negative line wire.

If the drum contacts are moved to the right the
movable segments 5, 6, 7, and 8 will be brought into
connection with the stationary contacts, and the
armature current will then flow as shown by the
dotted arrows. The field of the motor is left the
same polarity and only the armature circuit is re-
versed. If the field and armature of a motor were
both reversed at the same time, the direction of
rotation would still remain the same.

177. REVERSING DRUM CONTROLLERS

Fig. 138 shows the circuit of a drum controller
which is used for starting a D. C. motor, as well as
for reversing duty. This controller has two sets of
stationary contacts and two sets of movable seg-
ments. The diagram also shows the armature re-
sistance used for starting the motor and while it is
being brought up to speed. The contacts and parts
of this drum are also laid out in a flat view in the
diagram.

The two sets of movable segments are arranged
on opposite sides of the drum, as are the stationary
contacts. This is illustrated by the small sketch in
the lower left-hand corner, which shows from a top
view the position of the contacts at the time seg-
ments 1 to 5 are approaching the stationarv con-
tacts, “P” to “U”.
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Fig. 138. Wiring diagram of a drum controller for starting and

reversing shunt motors.

Now, suppose we move the drum of this controller
so it will shift both sets of movable segments to the
left in the flat diagram. The first step of this move-
ment will bring movable segments 1 and 2 into con-
nection with stationary contacts “Q” and “R”, and
will also bring segments “V” and “W” into connec-
tion with stationary contacts “A” and “L”, A cir-
cuit can then be traced, as shown by the solid ar-
rows, from the positive line wire to stationary con-
tact “U”, through all of the armature resistance to
stationary contact “R”, movable segment 2, through
the jumper to movable segment 1, stationary contact
Q to stationary contact A-1; then through the mo-
tor armature, back to stationary contact “A”, mov-
able segments “V” and “W”, stationary contact
“L”, and back to the negative side of the line.

As we advance the controller still farther in this
same direction, the successive steps will bring mov-
able segments 3, 4 and 5 into connection with sta-
tionary contacts “S”, “T”, and “U”, thus gradually
shorting out the armature resistance step by step.

When the controller has been moved as far as it
will go in this direction and all armature resistance
has been cut out, the circuit is from the positive line
wire to stationary contact “U”, movable segment 5,
through the jumpers and segments to movable seg-
ment 1, stationary contact Q, and on through the
armature and back to the negative side of the line.

You will note that the movable segments 1 and 2,
and “V” and “W” are all of sufficient length to re-
main in connection with the stationary contacts as
they slide around and allow the step by step move-
ment which brings the larger segments into connec-
tion with their stationary contacts.

To reverse the motor, we will now move the con-
troller in the opposite direction, which will bring
the movable segments 1 to 5 clear around on the
opposite side to the position shown by the dotted
segments, 1 to 5; and the movable segments “V” to

“Z” will be brought into connection with stationary
contacts “P” to “U”.

Before attempting to trace the circuit, get well in’
mind the position of these movable segments in this
new location. Another reference to the circular
sketch in the lower corner of the figure will help you
to see the manner in which the movable segments
are brought up on the opposite side of the stationary
contacts as the drum is revolved in the opposite
direction.

We now find that, on the first step of the drum
movement, the movable segments “V” and “W” will
be brought into connection with the stationary con-
tacts “P” and “R”, and the movable segments 1 and
2 (dotted) will be brought into connection with
stationary contacts “A-1” and “L”.

We can now trace a circuit through the armature,
as shown by the dotted arrows, from the positive
line to stationary contact “U”, through the full arma-
ture resistance to stationary contact “R”, the mov-
able segments “W” and “V”, stationary contacts “P”
and “A”; then through the armature in the opposite
direction to what it formerly flowed, and back to
stationary contact A-1; then through movable seg-
ments 1 and 2 to negative line terminal “L”,

As the controller is advanced step by step in this
direction, the movable segments “X”, “Y”, “Z” will
cut out the armature resistance as the machine
comes up to speed. In this position the movable
segments 3, 4,-and 5 will be idle.

Fig. 139. The above photo shows the mechanical construction and
arrangement of parts of a modern drum control. Note the fash
barriers on the inner cover which is shown opened to the left.

The shunt field connections of this motor are left
the same, so its polarity will remain the same at
all times. Trace this diagram carefully until you are
able to trace the circuit very readily in either direc-
tion or position of the control. A good knowledge
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of the principles and circuits of these controllers
will be of great help to you in the selection of the
proper controller for various applications in the field,
and also in locating troubles which may occur in
controllers of this type or the resistance attached
to them.

178. CONSTRUCTION OF DRUM CONTROLS

Fig. 139 shows a photo of a drum controller with
the cover removed so that all of the parts can be
quite clearly seen. The movable segments are made
of copper and are attached to the shaft or drum,
which is operated by the crank or handle.

The stationary contacts are in the form of fingers
with flat springs to hold them in good contact with
the segments when they are passed under these
fingers. You will note that the copper shoes of the
rotating segments and the individual fingers or sta-
tionary contacts are both removable, so they can
easily be replaced when they are worn or burned by
arcing which occurs during the operation of the con-
troller.

These contacts should always be kept in good con-
dition in order to assure the proper operation of the
motor to which the controller is attached. At the
left of the stationary contact fingers, can be seen a
row of blow-out coils all of which are in series with
their respective contacts and circuits. These blow-
out coils, as previously mentioned, are for the purpose
of extinguishing the arc drawn when the circuits are
broken at the contacts.

The inner hinged cover, which is shown swung
out to the left, is simply an assembly of boards or
barriers made of fireproof material. When this group
of barriers is swung into place, one of them comes
between each stationary contact and the next. The
purpose of these barriers is to prevent a flash-over
or short-circuit between adjacent contacts.

This particular drum controller has a separate
set of reversing contacts mounted in the top of the
case and operated by a separate small handle, which
is shown at the right of the main crank.

In addition to the functions of starting, reversing,
and varying the speed of motors, some controllers
are also equipped with extra contacts for short cir-
. cuiting the armature through a resistance, in order
to provide what is known as dynamic braking.

This form of braking, which is frequently used to
stop large motors, operates on the principle of a
generator, using the counter-voltage generated in
the armature to force a current load through the
dynamic brake resistance. This method provides a
very effective and smooth braking, and will be ex-
plained more fully in later paragraphs.

179. DRUM CONTROL FOR REVERSING
AND SPEED REGULATING

Fig. 140 shows a diagram of a drum control which
is arranged for starting, reversing, speed-regulating,
and dynamic braking duty. This controiler has two
sets of heavy-duty segments and contacts for the
armature circuit, and in the upper section are two

Forward Reverse Farward Reverse
i)
ENRL 123 22y
LI PR g
T T i |
| | |
= e | I
—® I . I_a D ||
field =5) : b i ; !
Rheostat i Bt : ® : | !
-0 1158 ! 1
e Db |
O I S I
PO N = '
e, T
} 1 H o
ol e
0.8 S ol
Res."i:l e |1—: | 1A—O:<-lé1 20 : !
_______ .S 1T ra + —
H1 € Tie [ 5

Fig. 140. This diagram shows thc wiring for a drum controller used for

starting, reversing, and varying the speed of a compound motor.

sets of smaller contacts which are used in the shunt
field circuit, and are short circuited by two large
angular segments. :

The shunt field resistance, or rheostat, is shown
divided into two sections in the diagram; but you
will note that the taps made to this resistance run
consecutively from No. 1 to 18, and the resistance
itself can be located all in one group and have the
separate leads brought to the two rows of contacts
as shown. One of the heavy-duty resistances'is used *
for the armature during starting, and the other is
used for the dynamic braking.

When this controller is operated in either direc-
tion, the first step will close the armature circuit
through the armature resistance, and energize the
field at the same time, thus starting the motor. As
the controller is advanced step by step, the armature
resistance will first be cut out and then resistance
will be cut in to the shunt field circuit, causing the
motor to speed up as much more as desired.

When the controller is in idle position, as shown
in the diagram, the motor armature is short circuited
by the small movable segments which are now rest-
ing on the contacts “D” and “D-1”. These contacts
are the ones used for the cperation of the dynamic
brake circuit. .

180. FORWARD POSITION, STARTING

The long movable segmeat “1-A” is continuous
around the drum and always makes contact with
“L-1”. When the controller is moved to the left one
step, the movable segment “1-B” connects with the
stationary terminal “A-2” in the center of the dia-
gram, and the segments “C” and “D” connect with
stationary contacts “A-1” and “R-1” at the left of
the diagram.

This completes a circuit through the motor arma-
ture and full armature resistanee, as shown by the
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larger solid arrows. In tracing this circuit, remember
that this first step of movement of the controller will
remove the short segments from contacts “D” and
“D-1”, thus breaking the short circuit on the armature.

The armature circuit which has just been closed can
be traced from the positve line wire to “L-1", to the
left through segment “1-A”, through the jumpers to
segment “1-C”, then to terminal “A-1”, and through
the armature in a right-hand direction, on to terminal
“A-2”, segment “1-B”, through the jumpers and seg-
ments 3 and 2-A of the right-hand group, through
jumpers and segments 2 and 1-D of the left group, then
to contact “R-1”, through all of the armature resistance,
to the contact which is marked “R-3” and “L-2”; then
through the series field winding and back to the nega-
tive side of the line.

This first step or movement of the controller also
causes the approaching tip of the large angular seg-
ment “1-E” to connect to contact “F-1” and close a
circuit directly through the shunt field of the motor,
without any resistance in series. This circuit can be
traced from the positive side of the line to contact
“L-1”, segment “1-A” up through jumper to seg-
ment “l1-E”, contact “F-1”, and then through the
shunt field winding and back to the line.

When the controller is advanced another step, seg-
ment 2 of the left group connects with contact “R-2”,
and cuts out the upper section of the armature resis-
tance. When the controller is moved still another step,
segment 3 of the right-hand group connects with the
contact which is marked “R-3” and “L-2”, and cuts
out the entire armature resistance.

Fig. 141. The above sketch illustrates the principle of dynamic brake
action in a motor wben its armature is short circuited.,

By checking the circuit again with the controller in
this position, you will find that a circuit can be traced
from the line through the controller and the motor ar-
mature, back to the line, without passing through the
armature resistance.

The dotted lines which run vertically through the
controller and are numbered 1, 2, 3 at their top ends,
show which segments make connection with the sta-
tionary contacts on the first, second, and third steps
of either the forward or reverse rotation of the con-
troller.

For example, the dotted lines No. 1 in both forward
groups touch only the segments which will connect with
the stationary contacts on the first joint of the con-
troller. The dotted lines No. 2 run through the seg-

ments which will connect with the stationary contacts
on the second step of the controller. Etc. The dotted
lines in the columns marked “reverse” show which
segments make contact in order when the controller
is moved in the reverse direction.

So far we have moved the controller only three
steps to the left or in the forward direction, and we

find that this has cut out all of the armature resis-

tance and brought the motor up to approximately nor-
mal speed.

181. SPEED CONTROL

During these three steps or movements, the large
angular segment “1-E” has been moving across con-
tacts 1 to 9 of the shunt field resistance. These contacts
are all shorted together by the segment “1-E”, but
this makes no difference, because they are not in the
field circuit after the first step of the controller.

When the controller is moved the fourth step to the
left, the lower end of segment “1-E” will have passed
clear across the stationary contacts, and its lower right
edge will begin to leave these contacts in the order
—1, 2, 3, etc. This begins to cut in resistance in
series with the shunt field winding of the motor, thus
increasing the speed of the machine as much as desired.

During the time that segment “1-E” has been break-
ing away from contacts 1 to 9, the segment “1-F” has
been moving across contacts 10 to 18; and after the
upper right-hand corner, or segment “1-E”, has cut
in the last step of the resistance from 1 to 9, the seg-
ment “1-F” starts to cut in the resistance in the steps
from 10 to 18. This gives a wide range of speed
variation by means of the shunt field controller. The
shunt field circuit is traced with the small solid arrows
through the controller for the first position only.

182. REVERSE POSITION

To reverse the motor, the controller will be returned
to neutral or “off” position, and then advance step
by step in a right-hand direction. As the controller
advances the first step in this direction, the right-hand
ends of the movable segments will make connections
with the groups of stationary contacts opposite to which
they were connected before.

This means that segments “1-B” and 3 will have
passed around the drum and will approach contacts
“A-1" and “R-1” from the left, as shown by the dot-
ted segments “1-B” and 3; and segments “1-C” and
“I-D” will approach contacts “A-2” and “R-3" from
the left.

With the controller in the first step of this reversed

‘position, current can be traced through the armature

by the dotted arrows, and we find it is in the reverse
direction to what it formerly flowed through the motor
armature.

This circuit is traced from the positive line wire
to “L-1”, segment “1-A”, jumpers and segment “1-C”
to contact “A-2”, and then through the armature to
the left, to contact “A-1”, segments “1-B” and 3, con-
tact “R-1”, through the full armature. starting resist- .
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ance to contact “L-2"; then through the series field
in the same direction as before and back to the nega-
tive line wire.

In tracing this circuit, we find that the direction of
current through the armature has been reversed but
that it remains the same through the series field wind-
ing. It is necessary to maintain the polarity of the
series field the same in either direction of rotation, in
order to keep the motor operating as a cumulative
compound machine.

If the controller is advanced in the reverse direction,
the additional steps will cut out the armature resistance
and begin to insert resistance in the shunt field circuit,
the same as it did in the former direction.

183. DYNAMIC BRAKING

When the controller shown in Fig. 140 is brought
back to neutral or off position, we find that the short
movable segments directly above the long segment
“1-A” will be brought to rest on contacts “D” and
“D-1”, thus short-circuiting the motor armature
through the dynamic braking resistance, contact “D”,
segment “1-A”, contact “D-1”, and the commutating
field.

When the current is shut off from the motor arma-
ture by bringing the controller to the “off” position,
if the motor is a large one or if the load attached to
it has considerable momentum, the motor and machine
or car which it is driving, will tend to keep on moving
or coasting for some time before coming to a complete
stop.
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Fig. 142, Diagram showing conncctions and contacts used for switching
a dynamic brake resistance across the armature of a D. C. motor
when the line is disconnected.

If we leave the shunt field excited during this peiiod,
the motor armature will continue to generate its
counter-voltage as long as it is turning. Then, if we
short circuit the armature through the dynamic brake
resistance, this counter-voltage will force a heavy load
of current to flow and the coasting motor armature
will act as a generator.

We know that it requires power to drive a genera-
tor armature; so, when this short or load is placed on
the motor armature, the energy of its momentum is
quickly absorbed by the generator action, thus bring-
ing the armature to a smooth, quick stop.

Fig. 143. The above photo shows several types and sizes of modern drum controllers. Examine carcfully the construction and
arrangement of parts of each of these controls.
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The field circuit is left complete when the control-
ler is in the off position and as long as the line switch
remains closed. This circuit can be traced from
the positive line wire to contact “L-1”, segment “1-A”,
segment “1-E”, and the jumper at “X”, segment
“F D”, contact 9 and through one-half of the shunt
field resistance, then through the shunt field back to the
negative line wire.

This half of the shunt field rheostat is left in series
with the field for dynamic braking so that the motor
armature will not generate too high a counter-voltage.

Another way of illustrating the effect of dynamic
braking is as follows: You have learned that the
counter-voltage is in the opposite direction to the ap-
plied line voltage which rotates the motor. Then,
when we disconnect the armature from the line and
connect it across the dynamic brake resistance, the
armature continues to rotate in the same direction
and will produce counter-voltage in the same direc-
tion ; which will force current through the armature
and braking resistance in the opposite direction to
what the line current formerly flowed.

As this current resulting from counter-voltage is
in the opposite direction to the normal armature cur-
rent, it will tend to reverse the direction of the armature
rotation. This is illustrated by the two diagrams in
Fig. 141,

In the view at “A”, the symbols marked within the
conductors show the direction of the applied voltage
and current during motor operation. The symbols
marked at the side of the conductors illustrate the di-
rection of the counter-voltage induced in them, which is

opposite to the applied voltage and current. With the.

direction of the motor field as shown, the machine will
normally rotate counter-clockwise.

In the view at “B”, the line current has been shut
off from the motor winding and the direction of cur-
rent set up by counter-voltage through the armature
winding and dynamic braking resistance is shown by
the symbols within the conductors.

The polarity and direction of the motor field remain
the same, but the direction of flux around the armature
conductors is now reversed, and thus it tends to produce
rotation in the opposite direction.

The effect of dynamic braking and the period of
time in which the motor armature can be stopped by
this method will depend upon the strength of field ex-
citation which is left on the motor when the controller
is placed in the off position, and upon the amount of
resistance used for dynamic braking.

Fig. 142 shows a simplified connection diagram for
a shunt motor equipped with dynamic braking. This
diagram shows only the controlling contacts which
would be used for dynamic braking alone. The solid
arrows show the normal direction of current flow

through the armature when it is operating from the
line voltage, and with contacts “L-1” and “L-2" closed.
During this time the contacts “D-1" and “D-2” are,
of course, open.

When this motor is stopped, line contacts “L-1” and
“L-2” are opened and contacts “D-1” and “D-2” are
closed. The counter-voltage in the armature then sends
current through it in the reverse direction, as shown
by the dotted arrows.

The shunt field is connected across the line in series
with its resistance and, as long -as it remains excited,
the current in the reverse direction will tend to re-
verse the rotation of the armature. As the motor
armature slows down, the counter-voltage gener-
ated becomes less and less, and the effect of dyna-
mic braking is reduced.

When the motor armature reaches a complete stop,
the voltage in its conductors, of course, ceases to be
generated. This results in a sort of cushioning effect
and provides one of the smoothest forms of braking
which can be used on D. C. motors.

184. REGENERATIVE BRAKING

In some cases, for example with railway motors, the
principle of dynamic braking is used in what is known

as regenerative braking, to actually feed current
back to the line.

In order to accomplish this, it is necessary to leave
the armature connectéed to the line and over-excite
the field. Then, when an electric car or train, for ex-
ample, starts down a grade and attempts to rotate its
armature rapidly, the motor armature will generate
a higher counter-voltage than the applied line voltage.

This will actually force current back into the line,
as though this machine were operating in parallel with
the power-plant generators.

Dynamic braking effects great savings in this manner
and in some cases may supply from 10 to 35 per cent
of the energy required by all trains on the system.

- Dynamic braking on electric railway applications also
saves an enormous amount of wear on brake shoes
and air-brake equipment, and a great amount of wear
and tear in cases where it is used for cranes, hoists, etc.

Neither dynamic braking nor regenerative braking
is effective when the machine is at a stop or practically
stopped. Therefore, it is necessary to have either me-
chanical or magnetic brakes to hold the motor armature
stationary if there is some load which tends to revolve
it, such as the load on a crane or elevator motor, or
the tendency of a train to run down a grade.

Fig. 143 shows three drum controllers of different
sizes and types. Note the various arrangements of con-
tacts which can be provided to obtain different control
features on the motors.
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CARBON BRUSHES

The brushes play a very important part in the
operation of any D. C. motor or generator, and are
well worth a little special attention and study in
this section.

The purpose of the brushes. as we already know,
is to provide a sliding contact with the commutator
and to convey the current from a generator arma-
ture to the line, or from the line to a motor arma-
ture, as the case may be. We should also keep
in mind that the type of brush used can have a
great effect on the wear on commutators and in
producing good or bad commutation.

Fig. 144, Above are shown several carbon brushes of common types,
such as used on D. C. motors and generators.

It should not be assumed, just because any brush
will carry current, that any piece of carbon or any
type of brush will do for the replacement of worn
brushes on a D. C. generator or motor. This is
too often done by untrained maintenance men, and
it frequently results in poor commutation and some-
times serious damage to commutators and ma-
chines.

Many different grades of brushes are made for
use on machines of various voltages and commu-
tator speeds and with different current loads.

In order to avoid sparking, heating, and possible
damage to commutators, it is very important when
replacing worn brushes to select the same type of
brushes or brush materials as those which are re-
moved.

In special cases it is necessary to use only the
brushes made by the manufacturers of certain mo-

tors or generators for those particular types of
machines. Or, in difficult cases of brush or com-
mutator trouble, it may be necessary to have a
specialist from a brush manufacturing company
determine exactly the type of brush needed. But
in the great majority of cases you can replace
brushes very satisfactorily by applying the princi-
ples and instructions given in the following para-
graphs.

185. BRUSH REQUIREMENTS

A good brush should be of low enough resistance
lengthwise and of great enough cross-sectional area
to carry the load current of the machine without
excessive heating. The brush should also be of
high enough resistance at the face or contact with
the commutator to keep down excessive currents
due to shorting the armature coils during commu-
tation. In addition, the brush should have just
enough abrasive property to keep the surface of
the commutator bright and the mica worn down,
but not enough to cut or wear the commutator sur-
face unnecessarily fast.

Figs. 144 and 145 show several carbon brushes
of different shapes, with the “pigtail” connections
used for carrying the current to the brush-holder
studs.

186. BRUSH MATERIALS

The most commonly used brushes are made of
powdered carbon and graphite, mixed with tarry
pitch for a binder, and molded under high pressure
into the shapes desired. This material can be
molded into brushes of a certain size, or into blocks
of a standard size from which the brushes can be
cut.

BECKER

Fig. 145, Two carbon brushes of slightly different shapes, such as
used with reaction type brush holders.

The molded material is then baked at high tem-
peratures to give it the proper strength and hard-
ness and to bake out the pitch and volatile matter.

Carbon is a very good brush material because it
is of low enough resistance to carry the load cur-
rents without too great losses, and yet its resistance
is high enough to limit the short circuit currents
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between commutator bars to a fairly low value.
Carbon also possesses sufficient abrasiveness to
keep commutator mica cut down as the commutator
wears.

Graphite mixed with carbon in the brushes pro-
vides a sort of lubricant to reduce friction with the
commutator surface. It also provides a brush of
lower contact resistance and lower general resist-
ance, and one with greater current capacity.

Powdered copper is sometimes added or mixed
with graphite to produce brushes of very high cur-
rent capacity and very low resistance. These
brushes are used on low-voltage machines such as
automobile starting motors, electro-plating genera-
tors, etc. They often contain from 30 to 80 per
cent of copper, and such brushes will carry from 75
to 200 amperes per sq. in,

Lamp-black is added to some brushes to increase
their resistance for special brushes on high-voltage
machines,

187. COMMON BRUSH MATERIAL. BRUSH
RESISTANCE

A very common grade of carbon-graphite brush
is made of 60% coke carbon and 40% graphite,
and is known as the “utility grade”. Brush material
of this grade can be purchased in standard blocks
4" wide and 9” long, and in various thicknesses.

Brushes for repairs and replacement can then
be cut from these blocks. They should always be
cut so that the thickness of the block forms the
thickness of the brush, as the resistance per inch
through these blocks is higher from side to side
than it is from end to end or edge to edge. This
is due to the manner in which the brush material
is molded and the way the molding pressure is
applied, so that it forms a sort of layer effect or
“grain” in the carbon particles.

This higher “crosa resistance” or lateral resist-
ance is a decided advantage if the brushes are
properly cut to utilize it, as it helps to reduce short-
circuit currents between commutator bars when
they are shorted by the end of the brush.

Fig. 146 shows how brush measurements should
be taken and illustrates why it is an advantage
to have the highest resistance through the thickness
of the brush and in the circuit between the shorted
commutator bars.

The resistance of ordinary carbon-graphite brushes
usually ranges .001 to .002 ohms per cubic inch,
and these brushes can be allowed to carry from
30 to 50 amperes per sq. in. of brush contact area.

These brushes can be used on ordinary 110, 220,
and 440-volt D.C. motors; and on small, medium,
and large sized generators which have either flush
or undercut mica, and commutator surface speeds
of not over 4000 feet per min.

188. HARDER BRUSHES FOR SEVERE
SERVICE
These utility grade carbon-graphite brushes can
be obtained in a harder grade, produced by special

processing, and suitable for use on machines which
get more severe service and require slightly more
abrasiveness. These harder brushes are used for
steel mill motors, crane motors, elevator motors,
mine and mine locomotive motors, etc.

Brushes with a higher percentage of carbon can
be used where necessary to cut down high mica,
and on machines up to 500 volts and with commu-
tator speeds not over 2500 feet per minute. This
‘type of brush is usually not allowed to carry over
35 amperes per square inch, and is generally used
on machines under 10 h. p. in size.

189. GRAPHITE USED TO INCREASE
CURRENT CAPACITY

Brushes of higher graphite content are used
where high mica is not encountered, and for heavier
current capacity. Such brushes are generally used
only on machines which have the mica undercut;
and are particularly adapted for use on older types
of generators and motors, exhaust fans, vacuum
cleaners, washing machines, and drill motors.

T = Thickness
W: Width
L L!‘I\'Sth

Fig. 146, This sketch illustrates the method of taking measurement for
the length, width, and thickness of carbon brushes.
Brushes with the higher percentage of graphite
do not wear or cut the commutators much, but
they usually provide a highly-polished surface on
both the commutator and brush face. After a
period of operation with these brushes the surface
of the commutator will usually take on a sort of
brown or chocolate-colored glaze which is very
desirable for long wear and good commutation.

190. SPECIAL BRUSHES

Some brushes are made of practically pure
&raphite and have very low contact resistance and
high current-carrying capacity. Brushes of this
nature will carry from 60 to 75 amperes per square
inch and they can be used very satisfactorily on
machines of 110 and 220 volts, or on high-speed
slip rings with speeds even as high as 10,000 feet
per minute.

The greater amount of graphite offers the neces-
sary lubrication properties to keep down friction
at this high speed.

Another type of brush consisting of graphite and
lamp-black, and known as the electro-graphitic
brush, is made for use with high-voltage machines
which have very high commutator speeds. These
brushes have very high contact resistance, which
promotes good commutation. They can be used to
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carry up to 35 amperes per square inch and on
commutators with surface speeds of 3000 to 5000
feet per minute.

These brushes are made in several grades, ac-
cording to their hardness; the harder ones are well
adapted for use on high-speed fan motors, vacuum
cleaners, drill motors with soft mica, D. C. genera-
tors, industrial motors, and the D. C. side of rotary
converters. They are also used for street railway
motors and automobile generators, and those of a
special grade are used for high-speed turbine-driven
generators and high-speed converters.

191. BRUSH PRESSURE OR TENSION

It is very important to keep the springs of brush
holders or brush hammers properly adjusted so
they will apply an even amount of pressure on all
brushes. If the pressure is higher on one brush
than on another, the brush with the higher pressure
makes the best contact to the commutator surface
and will carry more than its share of the current.
This will probably cause that brush to become over-
heated.

To remedy this, the spring tension should be
increased on the brushes which are operating cool,
until they carry their share of the load.

Brush pressure should usually be from 114 to 3
Ibs. per square inch of brush contact surface. This
brush tension can be tested and adjusted by the
use of a small spring scale attached to the end of
the brush spring or hammer, directly over the top
of the brush. Then adjust the brush holder spring
until it requires the right amount of pull on the
scale to lift the spring or hammer from the head
of the brush. One can usually tell merely by lifting
the brushes by hand, whether or not there are some
brushes with very light tension and others with too
heavy tension or pressure.
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Fig. 147. Above are shown several types of terminals for braush
shunts or leads.

Motors used on street cars, trucks, and moving
vehicles, or in places where they are subject to
severe vibration, will usually require a higher
brush-pressure to keep the brushes well seated. On
such motors the pressure required may even range
as high as 4 1bs. per square inch.

192. BRUSH LEADS OR SHUNTS

All brushes should be provided with flexible cop-
per leads, which are often called “pigtails” or brush
shunts. These leads should be securely connected
to the brushes and also to the terminal screws or
bolts on the brush holders, and their purpose is
to provide a low-resistance path to carry the cur-

‘rent from the brush to the holder studs.

Fig. 148. Brush shunts can be obtained with threaded plugs on their
ends for securely attaching them to the brushes.

If these brush shunts or leads become loose or
broken, the current will then have to flow from
the brush through the holder or brush hammers
and springs. This will often cause arcing that will
damage the brush and holder and, in many cases,
will overheat the springs so that they become
softened and weakened and don’t apply the proper
tension on the brushes.

The brushes shown in Figs. 144 and 145 are
equipped with leads or brush shunts of this type
and Fig. 147 shows a number of the types of copper
terminals or clips that are used to attach these
leads to the brush holders by means of terminal
screws or bolts.

When new brushes are cut from standard blocks
of brush material, the pigtails can be attached by
drilling a hole in the brush and either screwing the
end of the pigtail into threads in this hole or pack-
ing the strands of wire in the hole with a special
contact cement.

Fig. 148 shows a number of brush shunts or leads
with threaded plugs attached to them. These leads
can be purchased in different sizes already equipped
with threaded end plugs.

Fig. 148 illustrates the method of preparing a
brush and inserting the threaded ends of the brush
shunts. The top view shows a bar of brush stock
from which the brushes may be cut, and in the
center is. shown the manner of drilling a hole in
the corner of the brush.

Carbon graphite brushes are soft enough to be
drilled easily with an ordinary metal drill, and they
are then tapped with a hand tap, as shown in the
left view in Fig. 148. The threaded plug on the
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end of the copper lead can then be screwed into
this hole in the brush by means of pliers, as shown
in the lower right-hand view of the same figure.

Brush leads of this type save considerable time
in preparing new brushes, and insure a good low
resistance connection to the brush. These leads
can be unscrewed and removed from worn brushes,
and used over a number of times.

193, CEMENT FOR ATTACHING LEADS
TO BRUSHES '

When brush leads with threaded tips are not
available, a special compound or cement can be
made by mixing powdered bronze and mercury.
‘The bronze powder should first be soaked in muri-
atic or hydrochloric acid, to thoroughly clean it.

The acid should then be washed from the powder
with lukewarm water. The bronze powder can then
be mixed with mercury to form a thick paste. This
paste is tamped solidly around the copper strands
of the brush lead in the hole in the carbon brush,
and will very soon harden and make a secure con-
nection of low resistance.

Fig. 148-A. These views illustrate the method of preparing a carbon
brush to attach the threaded end of the brush lead or pigtail.

Care must be used not to make this cement too
thick or it may harden before it can be tamped
in place. It is usually advisable to mix only a very
small quantity of the paste at one time, because
it may require a little experimenting to get it just
the right consistency.

194. DUPLICATING AND ORDERING
BRUSHES

Worn or broken brushes should always be
promptly replaced, before they cause severe spark-
ing and damage to the commutator. Always re-
place brushes with others of the same grade of
material if possible. The new brushes should also
be carefully cut to the same size, so they will span
just the same width on the commutator bar and
will not fit too tight or too loose in the holders.

If it is necessary in emergencies to replace one
or more brushes with others of a slightly different

grade, place all those of one grade in the positive
brush holders, and those of the other grade in the
negative holders. If brushes of different grades are
placed in the same set of holders, the current will
divide unequally through them and cause heating
of certain ones, and it may also cause unequal wear
on the commutator.

} Jllm

Brush

Sand Paper.

Fig. 149. The above sketches show several methods of cutting brush
faces to fit the commutator surface. Each is explained in the
accompanying paragraphs. .

When ordering new brushes for any certain ma-
chine, careful measurements should be taken of
the brush width, thickness, and length. The brush
thickness is measured in the direction of travel of
the commutator or slip rings ; the width is' measured
parallel to the armature shaft or commutator bars;
and the length is measured perpendicularly to the
commutator or slip ring surface. These measure-
ments are shown in Fig. 146. Any other special
measurements should also be given, and in some
cases it is well to send the old brush as a sample.

The length of brush leads or shunts should also
be specified when ordering new brushes. They are
usually provided in standard lengths of five inches,
but can be furnished shorter or longer where re-
quired.

The style of terminal or end-clip should also be
given, along with the diameter of the slot or hole
by which they are attached to the bolts on the
brush-holder studs.

It is generally advisable to have on hand a few
of the brushes most commonly required for re-

Fig. 150. Brushes made of copper strips or cogper “leaf’’ construction
are often used for low voltage machines which handle very heavy
currents.
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Maintenance

placement on any machines you may be maintain-
ing. It is also well to have a catalogue of some
reliable brush manufacturer, to simplify ordering
by giving the number and exact specifications of
the brushes required.

195. FITTING NEW BRUSHES TO THE
COMMUTATOR

 New brushes should always be carefully fitted
to the surface or curvature of the commutator.
‘This can be done by setting the brush in the holder
with the spring tension applied, and then drawing
a“piece of sandpaper under the contact surface or
face of the brush, as shown in the center view in
Fig. 149. Never use emery cloth for fitting brushes,
as the electrical conducting of the emery particles
tends to short circuit the commutator bars.

The sandpaper should be laid on the commutator
with the smooth side next to the bars and the
rough or sanded side against the face of the brush.
Then, with the brush held against the paper by
the brush spring, draw the paper back and forth
antil the face of the brush is cut to the same shape
as the commutator surface.

Be sure to hold the ends of the sandpaper down
along the commutator surface so these ends will
not cut the edges of the brush up away from the
commutator bars.

On small machines where it is difficult to use
sandpaper in the manner just described, a brush-
seater stone can be used. These stones consist of
fine sand pressed in block or stick form with a
cement binder.

The brush seater is held against the surface of
the commutator in front of the brush, as shown on
the left in Fig. 149, and as the commutator revolves
it wears off sharp particles of sand and carries them

.under. the. brush, thus cutting out the end of the

brush until it fits the commutator.

When fitting a number of brushes, a brush jig
such as shown on the right in Fig. 149 can be
used to save considerable time. This jig can be
made of either metal or wood, and in the form of
a box into which the brush will fit. The open end
of the box or jig has its sides cut to the same curve
as the commutator surface.

A new brush can then be dropped in this box
and its face cut out to the curve or edge of the
box by means of a file. The bulk of the carbon
can be cut out very quickly in this manner, and
the brush can then be set in the holder and given
a little final shaping with sandpaper as previously
explained.

Graphite brushes should generally be used on
iron slip rings on three-wire generators, and metal-
graphite brushes on copper rings.

On certain very low voltage machines where
heavy currents are handled, “copper leaf” brushes
are used. These are made of a number of thin
flat strips of hard drawn copper, with the end of
the group beveled as shown in Fig. 150.

When brushes of too low resistance are used,
they will generally cause long, yellow, trailing
sparks at the commutator surface behind the
brushes.

Brushes of too high resistance will cause blue
sparks and will also cause the brushes to overheat.

If the commutator mica is not being cut down
by the brushes and becomes too high, it will cause
sparking and burned spaces to the rear of the mica

" segments, on the leading edges of the commutator

bars.

The proper type of brushes and their proper
fitting, well deserve thorough attention on the part
of any electrical maintenance man or power plant
operator; as a great many troubles in motors and
generators can be prevented or cured by intelligent
gelection and care of brushes.

MAINTENANCE OF D.C. MACHINES

" Direct current motors and generators are so
similar to each other in mechanical construction and
electric operation that many of the same rules for
care and maintenance apply to both.

With the many thousands of these machines in
use in factories, mines, power plants, steel mills,
stores, and office buildings, and on railways, the
electrician who can intelligently and efficiently op-
erate and maintain them is in great demand.

Most of the repairs and adjustments which have
to be made on D. C. machines are usually on parts
that are easily accessible and which can be easily
handled with simple tools.

In the majority of cases, the brushes, commutator,
and bearings require closer attention and more
frequent repair than other parts of the machines.
These should not, however, require an excessive
amount of attention if the motors or generators are
operating under favorable conditions and are given
the proper care.

The windings of motors and generators very sel-
dom give any trouble, unless the machines are
frequently overloaded or if the windings are very
old or are subjected to oil and dirt.

196. IMPORTANCE OF CLEANING

One of the most important rules for the main-
tenance of all electric machines is to keep them
clean and well lubricated. If this simple rule is
followed it will prevent a great many of the common
troubles and interruptions to the operation of the
equipment.

If dust and dirt are allowed to accumulate in the
windings of motors or generators, they clog the
ventilation spaces and shut off the air which is
necessary for proper cooling of the machine.
A layer of dust is also an excellent insulator of heat,
and tends to confine the heat to the windings and
prevent its escape to the surrounding air. Dust and
dirt also absorb and accumulate oil and moisture.

For these reasons, the windings of all electric
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machines should be kept well cleaned by brushing
them with a duster or cloth and occasionally blow-
ing out the dust from the small crevices by means
of a hand-bellows or low pressure compressed air.
Never use compressed air of over 40 Ibs. pressure
per square inch, or air that contains particles of grit
or metal or any moisture.

Sometimes it is necessary to wash off an accumu-
lation of oily or greasy dirt from the windings of
machines. This can be done with a cloth and
gasoline. If the windings are well impregnated with
insulating compound, the gasoline will not penetrate
deeply into them, but if it is allowed to soak into
the windings to any extent they should be thor-
oughly dried before the machine is again connected
to a line or operated.

A mixture of from 4 to 14 of carbon-tetra-chlor-
ide with gasoline reduces the danger of fire or ex-
plosion when using it as a cleaning solution.

197. EXCESSIVE OIL VERY DETRIMENTAL
. TO ELECTRIC MACHINES

Oil is very detrimental and damaging to the in-
sulation of machine windings and should never be
allowed to remain on them. Once a winding be-
comes thoroughly oil-soaked, it will probably have
to be rewound.

In some cases, if the oil has not penetrated too
deeply, it may be possible to wash it out with
gasoline and then thoroughly dry out the gasoline
before the winding is put back in service.

When oiling the bearings of a motor or generator,
extreme care should be used not to fill the oil-cups
or wells too full and cause oil to run over on to
the commutator or windings of the machine.

It is practically impossible to secure good com-
mutation if the commutator of a motor or generator
is covered with dirt and oil. This will cause the faces
of the brushes to become glazed and packed with
dirt and will in many cases cause considerable
sparking. ) ’

Dirt and oil will form a high-resistance film on
the surface of the commutator, which will tend to
insulate the brushes and prevent them from making
good contact.

QOil is also very damaging to the cement used in
the mica segments of commutators.

COMMUTATOR
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If any oil accidentally gets on the surface of a
commutator, it should be wiped off immediately
with a cloth and a small amount of kerosene or
gasoline and carbon-tetra-chloride. Gasoline should
not be used around a running.machine because of

the danger of igniting it by a spark from the
brushes.

198. KEEP BEARINGS WELL LUBRICATED

The bearings of all motors and generators should
be kept well oiled but not flooded with oil. The oil
in the bearings should be examined frequently to
make sure that it is clean and free from dirt and
grit, and should be changed whenever necessary.

If the oil in a bearing has become exceptionally
dirty or mixed with any abrasive dirt, the oil should
be drained and the bearing and oil-cup washed out
with kerosene or gasoline. The bearing and cup
should then be refilled with clean fresh oil and when
the machine is started it should be revolved slowly
at first, to be sure that all the kerosene or gasoline
on the bearing surfaces has been replaced by oil
before the machine is running at full speed.

Bearings should not be filled from the top when
regular oil openings or vents are provided on the
side.

Bearings which are equipped with oil rings should
be inspected frequently to make sure that the rings
are turning and supplying oil to the shaft. Check
the temperature of bearings frequently either by
means of a thermometer, or by feeling of them with
the hand to make sure that they are not operating
much above normal temperature.

A great amount of work and trouble and costly
shut-downs of electrical machinery can be prevented
by proper attention to lubrication of bearings.

199. WINDING TEMPERATURES

The temperature of machine windings should be
frequently checked to see that they are not operating
too hot, that is at temperatures higher than 40° C.-
above that of the surrounding air.

Convenient thermometers can be obtained for
this use and placed in crevices in the winding or
against the side of the winding with a small wad
of putty pressed around the thermometer bulb and
against the winding.

All terminals and connections on electric ma-
chines should be frequently inspected and kept
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Fig. 151. The above sketch shows methods of undercutting mica segments on the commutator.
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the surface of the commutator bars, or it will cause the brushes to make poor contact and cause severe sparking.
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securely tightened. This includes those at the line,
at the controller or starting switches, and at the
brushes and field coils.

200. PROTECT MACHINES FROM WATER

Moisture or water is always a menace to the in-
sulation and operation of electrical machinery, and
machines should be thoroughly protected to keep

all water away from their windings and com- -

mutators. If a motor or generator is located where
water from above may drip upon the commutator,
it is very likely to cause flash-overs and damage to
the brushes and commutator.

If the windings of a machine become water-soaked
or damp, they must be thoroughly dried, either by
baking in an oven or by passing low-voltage direct
current through the machine to dry them out.

Where a machine is too large to put in an oven
or where no oven is available, the armature can be
locked to prevent its rotation and then, by the use
of a rheostat, low-voltage direct current can be
applied in just the right amount to dry out the
winding. ’

Water should be carefully excluded from oil wells
and bearings, as it is not a good lubricant and it
may cause serious damage if it mixes with the oil.

Motors that operate pumps may often have to be
enclosed in a special box or shielding to prevent
any drip or spray from coming in contact with them.

201. BRUSH ADJUSTMENT AND MICA
UNDERCUTTING

Brushes should be frequently inspected to see
that they are seated properly on the commutator
and have the proper spring tension. If the com-
mutator mica becomes high it should be corrected,
either by using brushes of a type that will keep the
mica cut down, or by undercutting the mica with
a tool for this purpose.

Commutator mica on small machines can be
undercut by hand with a piece of hack-saw blade
equipped with a handle, as shown in Fig. 151. The
views on the right in this figure show the correct
and incorrect methods of undercutting mica.

Mica should be cut squarely with smooth, easy
strokes of the hack-saw blade held in a vertical
position. The mica should not be cut away too
deeply, or the grooves will tend to accumulate dust
and dirt, and cause short circuits between the com-
mutator bars.

On small and medium-sized machines, the under-
cutting need not to be deeper than from 344 to 42
of an inch. Care should be taken not to scratch or
scar the commutator bars while undercutting mica,
and one should also be careful not to leave on the
edges or corners of the bars any burrs which might
cause a short circuit between them.

A small, three-cornered file can be used for clean-
ing the ends or corners of the mica segments, as
shown in the left view in Fig. 151, but a file or three-
cornered object should not be used for undercutting

mica, as the top of the mica segments must be cut
squarely, as shown in the right-hand view in the
figure.

For undercutting the mica on large machines, a
regular motor-driven mica cutter can be used. These
machines consist of a small rotary saw, driven by
a motor with a flexible shaft and equipped with
handles for guiding the saw blade in the mica slots.

202. RESURFACING AND TRUING OF COM-
MUTATORS '

If the surface of the commutator becomes rough
and pitted it can be cleaned with sandpaper. Small
spots of dirt or very lightly burned spots may be
removed by holding sandpaper against the commutator
while the machine is running.

Fig. 152, Commutator stones of the above types are used for dressing
or grinding down the burned and rough spots on commutator surfaces.

If the commutator requires much sand-papering
it should be done with a block, with a curved surface
to .fit the commutator, to hold the sandpaper in a
manner that will tend to smooth out hollow spots
or high spots on the bars, and bring the commu-
tator back to a true round shape.

Several strips of sandpaper can be folded over the
curved end of a block of this type and fastened in
place with clamps or tacks. As each strip becomes
worn it can be removed, exposing the next strip, etc.

Special commutator stones can be obtained for
dressing or re-surfacing commutators. These stones
consist of a block of grinding or abrasive material
equipped with handles for .convenient application
to the commutator surface. Several stones of this
type are shown in Fig. 152. These can be obtained
in different sizes and degrees of hardness for use
with machines having commutators of different di-
ameters and surface speeds.

If a commutator has become badly pitted or
burned or out of round, it may be necessary to re-
move the armature from the machine and turn the
commutator down in a lathe, as shown in Fig. 154.
When truing a commutator in a lathe one should
never remove any more copper than is absolutely
necessary, because even a very light cut with a lathe
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Fig. 153. The above photo illustrates the method of testing the cuntact
pressure or tension of controller contacts. The scale can be used in
the same manner for adjusting tension on brushes,

I

tool will remove more copper from the bars than
several years of ordinary wear would destroy.

The armature should be carefully centered to run
true in the lathe, and the tool set to remove only
a very thin coating of copper, no thicker than a
thin piece of paper. If this first cutting doesn’t
remove the flat spots, another cut can be made.

Commutators should never be turned down ex-
cept as a‘last resort or when they are badly out of
round.

Special tools and tool holders are often used for
turning large commutators right in the machine.

Motors and generators should always have secure
and firm foundations and should be anchored so that
they don’t vibrate while running. If the machine
is: allowed to vibrate, it may cause serious damage
to the bearings and possibly also damage the com-
mutator, shaft, or windings.

203."*CARE OF CONTROLLERS

“ All switches, circuit breakers, and controllers
used in connection with motors and generators
stiould be kept in good ‘condition, because if they
are allowed to become defective, they may cause
damage to the machines by frequent interruptions
in the current supply, or by causmg voltage drop
and lower voltage than the machine is supposed to
ope{ate on, or by failure to protect the machine in
case’of overload.

_Aff contact shoes or fingers on starting and con-
trof’ égulpment should be kept in good condition
and“ettrely tighteried. Bolts, nuts, screws, and
te’minals-should also be’ ‘kept tight and clean.

- Sliding ‘contacts or make-and-break contacts of
controllers should be kept properly lubricated to
prevent excessive wear. A good grade of vaseline
serves very well for this purpose, as it 'will remain
where applied on the contacts and will ‘ot ‘run or
spread over the equipment. v .

Resistahce elements of starting and control equip-
ment -shotild’ be’kept in good condition: In case of
open circuits in‘resistance ‘units, it may. be nec&s§ary
to tempotarily bridge this open sectiofi“6fthe resist-
ance with“a shunt or jumper, in order to keep the

machine in operation; but the defective resistance

‘unit should be replaced with a new one as quickly

as possible to prevent overloading the. machine
when starting, due to having insufficient resxstance
in the armature circuit.

Dash pots and time element devices should-be
kept properly adjusted to allow the proper time for
starting of motors.

204, CARE OF OVERLOAD PROTEC’f‘IVE
DEVICES

Fuses and overload devices on control equipment
or anywhere in the circuit to electrical machines
should be kept in good condition, and should be of
the proper size and adjustment to protect the ma-
chines from current overloads. Fuses should never
be replaced with others of larger current ratlngs
than the machines are supposed to carry.

Overload trip coils on circuit breakers should be
kept properly adjusted to trip at any current above
the normal percentage of overload which the ma-
chine is allowed to carry.

If breakers or fuses open frequently in the circuit,
it is an indication of some overload or fault on the
machines, and the trouble should be located and
remedied, instead of sctting the circuit breakers for
heavier currents or using larger fuses.

205. LIST OF COMMON TROUBLES

In the following lists are given a number of the
more common troubles of D. C. machines and the
symptoms which indicate these troubles:

MOTORS
MOTOR FAILS TO START
1. Fuse out, causing an open circuit
2. Brushes not making proper contact
3. Line switch open
4. Bearings “seized” due to lack of oil -
5. Motor overloaded. Thxs will usually blovx
the fuse .
6. Open field circuit at the terminal block of in
the starting box
. “No voltage” release magnet burned out
7. Open armature or line connectlons, either at
_ the motor or controller
" 8. Grounded winding, frequently blows the’ fuse
9. Brushes not set.on neutral point
10.. Armature wedged Remiove _the wooden
.. wedges from air gap of new machines .
11. "'Dlrty commutator or brush faces .
12. High mica insulation on commutator’ pre-
venting brush contact . MO
13. Field coils short-circuited or gté&?&ed"‘W’Hl
usually cause exceSsive armaturef chﬁ"énts
and blow the fuses ™' N
Reversed field connectio_hs Test Tor po Jf"t”t@
X FANIRTOD IO .
with a pocket cofﬂpas . 7
15. Low voltage ' * ~ e e ot
“~16 Pulley, gear, or couplihg;” 'may'i"b'e{ tfght
~ against the bearing
17. Bent shaft, causing armature to Stlck on: pole
faces

14
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" 18." ‘Badly worn bearings allowing armature to
rub field poles.
19. '‘Burned out armature.

eyt

206 MOTOR STARTS TOO QUICKLY
Starting box resistance too low for the motor
Starting box resistance short-circuited
Insufficient time allowed for starting

Line voltage too high

Series motor without enough load for the
starting resistance used with it

Too much resistance in field circuit.

207. MOTOR ROTATION REVERSED

1. Reversed field connections

2. Brush connections reversed or brushes in
wrong position

3. Compound motor connected differential and
starts in reverse direction from the series
field. Speed will be high and torque very
low i

4. No field. Residual magnetism may start the
motor in reverse direction on very light loads
only. Motor will not start under heavy load

5. Wrong field ‘connection in starting box.
Armature résistance may be in series with
the field. :
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208. SLOW STARTING OF MOTORS AND
- WEAK POWER
1. Low voltage
2. Resistance of starting box too high
3. Brushes off neutral, and will cause bad
sparking
4. , Motor overloaded 4
5. Heavy flywheel on driven machines
6. Weak field due to resistance in its circuit
‘7. Dirty or loose connections

" 8. Dirty or loose brushes
9. Brushes improperly spaced on commutator
10" Armatare defects, shorts, grounds or opens
11.  Wet armature or commutator.

i »‘j”?‘” 1 ~<ka1~-.
B Ay s

‘ , A =W :
b/ i
o “.’.\,‘).\‘i".‘{\l l = y o
g il

: i

|
i
I \

Fig, 154, Comm_utntox:s. that ar_e_ badly b\;rr;d or out oiiround can be
- regurfaced and trued up-in a lathe as shown above,

209.. MOTOR BUCKING OR JERKING

1. Overloaded motor
2.. Reversed interpole polarity

3.

s

210.

PO

N~

211.

SN

15.
16.
17.

18.
19.

212,

N
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Loose field connections -which alternately
open and close the field circuit and cause the
motor to run jerkily

Wet or shorted field coils

Defects or loosé connections in starting box.

MOTOR OVERSPEEDS

Open field circuit, may cause dangerously
high speed

Shorted or grounded field coils

Load suddenly reduced on compound motor
using field control

Brushes off neutral :

Shorted or grounded armature conductors
Line voltage too high v

Series motor overspeeds on light loads or no
load. '

SPARKING AT BRUSHES

Brushes or commutator dirty

Rough or burned commutator

High or low bars in commutator
Commutator out of round

Commutator segments shorted by carbon or
copper dust in the mica slots, or by solder
bridged across the bars

High mica

Brushes off neutral

Wrong type of brushes

Brushes poorly fitted

Brushes stuck in holders

Poor or unequal brush tension .

Weak field, due to short circuits or grounds
in the coils

Reversed field coils

Opens or shorts in armature winding. Opens
usually cause long blue sparks and shorts
are generally indicated by yellow or reddish
sparks. The location of the defective coils
will usually be indicated by burned bars to
which they are connected

Oil grease or water on the commutator
Unequal air gaps due to worn bearings
Unbalanced armature winding

Bent shaft which causes brushes to chatter
Poor foundation, permitting vibration of the
machine. '

OVERHEATING OF MACHINES
Overloading will cause heat on both motors
and generators due to excessive current
passing through their windings and brushes
Excessive brush friction and brush tension
too great ' "
Brushes of too high resistance
Brushes off neutral
Damp windings ;

Excessive sparking at commutator, which
may cause enough heat to melt the solder
and loosen the armature connections
Opens or shorts in armature winding
Hot field coils caused by high voltage or
short circuits in the coils o
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9. Field shunts loose or disconnected

10. Windings shorted by oil-soaked insulation

11. Hot field poles may be due to poor design

causing eddy currents in the pole shoes. Un-
equal air gaps may cause field poles closest
to the armature to heat

12. Hot bearings due to poor lubrication. May

be caused by poor oil, stuck oil rings, or
clogged oil wicks. Also caused by poor shaft
alignment or excessive belt tension

13. Armature out of center with field poles, due

to worn bearings. Causes excessive currents
in parts of the armature winding and eddy
currents in the field poles. Bearings should
be repaired immediately

14. Clogged ventilating ducts

15. Loose connections between armature coils

and commutator bars

16. Weak field, not allowing sufficient counter-

E.M.F. to be generated to keep the armature
current normal )

17. Heat transfer through direct shaft connec-

tions from air compressors, steam engines
or other machinery.

Normal operating temperatures of D. C. motors
should not exceed 40° C. above the surrounding
room temperature when operated at full load, or
55° C. at 25% overload for two-hour periods. If
the machines are operated at temperatures above
these values for any length of time, the insulation
of the windings will become damaged and even-
tually destroyed. Safe operating temperature is
about 140 to 150 degrees F.

213. UNUSUAL NOISES

1. Belt slapping due to a loose, waving belt

2. Belt squealing due to belt slipping on the
pulley, caused by loose belt or overloads

3. Brush squealing due to excessive spring ten-
sion, hard brushes, or dry commutator sur-
face. Application of a good commutator
compound will usually stop the squealing
due to a dry unlubricated commutator

4. Knocking or clanking may be caused by a
loose pulley, excessive end play in the shaft,
a loose key on the armature spider, or a
loose bearing cap

5. Chattering vibration, caused by poor brush
adjustment and loose brushes, hard brushes,
or commutator out of round

6. Heavy vibration due to unbalanced arma-
tures, bent shaft, or loose foundations.

214. GENERATOR TROUBLES. FAILURE
TO BUILD UP VOLTAGE

Residual field lost or neutralized

Reversed field

Poor brush contact or dirty commutator
Open field circuit due to loose connections
or broken wires

Field rheostat open or of too high resistance
Series field reversed so it opposes the shunt
field

PN~
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7. Shunts disconnected or improperly connected

8. Wet or shorted field coils

9. Too heavy load on a shunt generator

10. Residual magnetism reversed by flux from
nearby generators.

215. POOR VOLTAGE REGULATION

Loose field shunts or connections

Poor regulation of engine speed

Belt slipping (if generator is belt driven)
Brushes off neutral

Improper resistance of field rheostat, or
loose connections at this rheostat

Series field shunts not properly adjusted
Overheated field coils

Loose or grounded field wires between gen-
erator and switchboard

Armature out of center

Brushes improperly spaced

Weak field caused by short circuits or
grounds in the field windings

12. Shorts, opens, or grounds in the armature

coils

13. Excessive and frequent variations in load

14. Improper compounding
216. GENERATORS WILL NOT OPERATE

IN PARALLEL
1. Poor speed regulation on prime mover,
caused by improper governor adjustment
Open equalizer connections
Incorrect field shunts, open or loose field
connections, or weak fields
Defective field rheostat
Wet field coils
Improper adjustment of series fields for
compounding effects
Extreme difference in size, causing the
smaller machine to be more responsive to
load changes than the larger machine
8. Belt slipping, on belt-driven generators
9. Variations in steam pressure, on generators
driven by steam engines
10. Defective voltmeter, causing operator to
make wrong adjustment.
217. SYSTEMATIC TESTING

The preceding lists of common troubles and their
symptoms are given to serve as a general guide
or reminder of the possible causes of trouble in
D. C. machines. They do not cover every possible
trouble or defect, but intelligent application of the
principles covered throughout these sections on
D. C. equipment and careful systematic testing,
should enable you to locate any of the troubles
listed or any others.

Keep well in mind the advice previously given
in this Reference Set, to the effect that even the
troubles most difficult to locate can always be found
by methodically and systematically testing circuits
and equipment.

Let us remind you once more that any defect
or trouble in electrical equipment or circuits can
be found, and that someone is going to find it. It
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will be to your credit to be able to locate any and
all troubles, and the best way to gain experience
and confidence is to undertake willingly every trou-
ble-shooting problem you can find. Go about it
coolly and intelligently, use your knowledge of the
principles of electricity and electrical equipment and
circuits, and in this manner you will save a great
deal of time and many mistakes.

You will also be surprised to find out how very
simple some of the apparently baffling electrical
troubles are, to the trained man who knows how
to test and locate them.

218. TEST EQUIPMENT FOR LOCATING
FAULTS

Some of the more common devices used for trou-
ble shooting and testing are as follows:
Test lamp and leads
Magneto tester
Battery and buzzer tester
Voltmeter (portable type)
Ammeter (portable type)
Thermometer
Speed indicator
Wheatstone bridge
. Megger.

Every maintenance electrician’s kit should in-
clude a test lamp and a battery and buzzer test-
outfit. These are very inexpensive and can easily
be made up in a few minutes’ time. It is a good
idea to use two sockets and bulbs in series, for a
test lamp which can be used either on 220 or 110-
volt circuits. The two lamps will burn at full
brilliancy when connected at 220 volts, and at one-
half brilliancy on 110-volt circuits.

219. USE OF TEST LAMPS, BUZZERS AND
MAGNETS

Test lamps of this type can be used for locating
open circuits, short circuits, and grounds on the
machines themselves or the wires leading to them.
They are also very convenient for testing to locate
blown fuses and to determine whether or not there
is any voltage or the proper voltage supplied to
the terminals of the machines.

The battery and buzzer test-outfit can be made
of one or two dry cells taped together, with the
buzzer taped securely to them. This+unit should
then be supplied with flexible test leads several
feet long. The dry cells and buzzer can be located
in a portable box if desired.

A simple test outfit of this kind can be used for
locating grounds, opens, and short circuits on ma-
chines or circuits that are not alive.

The magneto test-outfit is very effective for
locating high-resistance short circuits or grounds.
These hand-driven magnetos generate voltage suf-
ficiently high to break down the resistance at the
point of the fault or defect, while a battery test set
or test lamp used with ordinary line voltage might
not show the fault.

When installing any new circuits to generators,
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Fig., 155. A simple test set consisting of dry cells and buzzer is a

very effective device for trouble shooting and locating of faults in
electric circuits and machines.

motors, or controllers, the wiring should be thor-
oughly tested for grounds, shorts, and opens before
connecting the machines.

An ordinary A.C. test magneto will ring through
20,000 to 40,000 ohms resistance. The use of mag-
netos above 50,000 ohms is not advised because
they will ring through the insulation of conductors
on long circuits.

In some cases an A. C. magneto will cause its
bell to ring when the terminals are attached to the
windings of very large machines, due to capacity
or condenser effect between the windings and the
frame of the machine. In such cases the ringing
of the magneto doesn’t necessarily indicate defec-
tive insulation.

220. USE OF PORTABLE VOLTMETERS
AND AMMETERS

Voltmeters are very essential in plants having
a great number of electrical machines and circuits.
Voltmeters should be used for measuring line
voltages or voltage drop on various circuits, to
determine whether or not the proper voltage is
supplied to the equipment.

It is very important that D. C. motors be operated
at their proper rated voltage and not at voltages
10% or more below this, which sometimes results
from overloaded line circuits and excessive voltage
drop.

Low reading voltmeters are very satisfactory test
devices for locating faults in armatures and field
coils, as well as commutator defects. They can
also be used for testing voltage drop in controller
coils and resistors and to locate defective coils in
this manner.

Ammeters can be used to measure the current
through any circuit or machine and to determine
whether wires or machine windings are properly
loaded or overloaded.

One or more ammeters should always be avail-
able in plants where numerous electrical machines
are to be operated and maintained.

221. THERMOMETERS

Thermometers should be used to determine the
temperature at which various machines are oper-
ated, and especially if a machine is known to be
operating somewhat overloaded. On machines that
are not overloaded, if the temperatures rise above
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the rated temperature increase for a normal load,
the cause should be determined and remedied at
once.

By checking the temperatures at different points
on a machine or its windings, the exact location
of the fault or trouble can frequently be found by
noting the points of higher temperature. Some
thermometers for this use are marked with the
centigrade scale, while others are marked with the
Fahrenheit scale.

A convenient rule for converting the temperature
in either scale to the other is as follows:
Temperature C. = 5/9 X (Temperature F. — 32)
Temperature F. = (9/5 X Temperature C.) 4 32

222, SPEED INDICATORS

Speed indicators or revolution counters are com-
monly used to determine the speed of various
machines. If machines are overloaded or thought
to be operating at low voltage, it is often necessary
to test their speed.

In other cases, checking the speed of machines
may assist in locating certain faults within the
machine or its own windings. In many industrial
plants and factories it is very important that the
motors driving production machines be kept oper-
ating at their proper rated speed, in order not to
delay the production of the article being manufac-
tured.

With the ordinary low-priced revolution counters
or speed indicators, a watch with a second-hand
can be used to check the time during which the
revolutions are counted, and to get the speed in
R.P.M.

Where a large number of machines are to be
tested frequently, a higher-priced speed indicator
known as a “tachometer” may be used. This device
when placed against the shaft of any revolving
machine indicates the speed in R.P.M. instantly.

223. IMPORTANCE OF RESISTANCE
TESTS ON INSULATION

As previously mentioned, the megger and Wheat-
stone bridge are very effective devices for testing
the insulation resistance of electrical machines and
circuits. Regular inspection of the motors and gen-
erators with one or the other of these instruments
will often save many serious cases of trouble or
winding failures. In this manner it is also possible
to prevent delays in production caused by the shut-

down of machinery, on which the faults could have
been located and repaired in advance by proper
inspection and testing with such instruments.

In medium-sized and larger plants, instruments
of this type will very soon save much more than
their original cost.

Electric instruments are usually furnished by the
employers or plant owners, although in some cases
the maintenance man and electrician can well afford
to own one or more low-priced portable instruments
for the great convenience and aid they give in his
work. > aF

Whether these instruments are supplied by the
employer or owned by the electrician, they should
always be handled with proper care and intelligence.

Most meters are delicate devices and they should
not be carelessly handled or banged around. Ex-
treme caution should always be used not to connect
ammeters across a line or in circuits with greater
loads than the ammeter is designed for. The same
warning applies to connecting voltmeters and watt-
meters, which should never be connected to circuits
of higher voltage than the instrument is made for.

224, COMMON TOOLS FOR MAINTENANCE
WORK

A few of the more common tools used by the
electrical maintenance man are as follows:
Knife
Pliers (side cutting)

Gas pliers

Screw drivers
Adjustable wrenches
Pipe wrenches
Machinist’s hammer
Center punch

Cold chisels

10. Soldering iron

11. Blow torch

12. Tin snips

13. Bearing scrapers
14, Speed indicator

15. Air-gap gauge

16. Files; flat, round, and three-cornered
17. Hack saw

18. Breast drill

This list covers the more essential tools for ordi-
nary jobs. Various other tools can be added for
certain things, according to the class of work and
equipment to be handled. A few good pointers in
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Fig. 156. Conve:;ient thermometers of the above type are used for determining the temperature of the machine windings, by attaching the

bulb to the windings with a small amount of putty.
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the selection and use of these tools are given in
the following paragraphs.

An electrician’s knife should be a good substan-
tial one, with one sharp blade that can be used for
the removal of insulation from conductors, and one
general utility blade for miscellaneous cutting,
scraping, etc.

The most common and handy size of pliers is
the 7-inch length, and if only one pair is used this
should be the size. If one wishes to carry or to
have on hand two or more sizes, the 6-inch and
8-inch sizes should also be included.

Cheap pliers never save any money, and only
good pliers with strong jaws and good cutting
blades should be purchased. Pliers larger than
O-inches are seldom used, except for the handling
of very heavy wires and cables. Good pliers are
made of the best grade of tempered steel and should
never be held in the flame of a torch or allowed
to become overheated in any way. Pliers should
not be used to cut hard steel bolts or spikes.

The gas pliers are very convenient for holding
cable lugs when heating them to melt solder and
apply to cable ends, and for other general uses
such as gripping bolts, nuts, and small parts. An
8 or 10-inch size is usually most convenient.

You should have at least three or four sizes of
screw drivers and sometimes more. It is well to
have one short and one long screw driver, both
with points to fit a No. 7 wood screw: one short
and one long driver to fit a No. 10 wood screw;
and at least one large screw driver for No. 14 to
No. 16 screws.

Never use a screw driver for a crow bar or chisel,
as such abuse will only bend their bits or split the
handles and render them unfit for the purpose for
which they were intended.

If screw drivers become dull they can be care-
fully reground on the flat side of an emery wheel.
Never grind them to a sharp point, as it tends to
make them slip out of the slots in screws.

Adjustable wrenches should be of the 6-inch, 8-inch
and 10-inch sizes, and these will handle all except the
very heavy work. These tools are used for tightening
bolts and nuts on motors, controllers, and all kinds of
electrical equipment; and both for taking apart and re-
assembling motors and machines to be repaired.

When using an adjustable wrench, always tighten
the jaws securely on the nut before applying any pull
on the handle, as this will avoid slipping and injury to
the operator as well as “rounding” of the corners on
nuts or bolt heads.

Never use a wrench upside down or backward, and
don’t hammer the handles, as it will only spring the
jaws and spoil the wrench. Wrenches are made with
handles long enough to apply by a steady pull all the
pressure their jaws will stand.

Pipe wrenches should be used for loosening stubborn
or worn nuts on which the adjustable wrench slips, and
also for making BX or conduit connections. One 10-

inch and one 12-inch pipe wrench will usually be suffi-
cient for ordinary repair work.

A good hack saw is indispensible for cutting bolts,
BX, conduit, and heavy cables. Usually the 12-inch
rigid or non-adjustable frame is best, and several good
sharp blades should always be on hand for this saw.

When using a hack saw, the object to be cut should
be securely held in a vise or clamp. If the object is
allowed to wobble or twist it will crack the teeth out
of the saw blade.

A machinist’s hammer of one 1b., one and a half 1bs,,
or two lbs. weight will usually be found most con-
venient.

Center punches are very handy for marking places
for drilling holes in metal, or for marking the end-
plates of motors or machines before they are removed,
so you can be sure of getting them replaced properly.

A small breast drill or Yankee drill with a dozen or
more short drills will be found very convenient in mak-
ing many time-saving repairs.

Several sizes of cold chisels are needed for cutting
bolts, screws, metal strips, etc., on which the hack saw
cannot be conveniently used.

Tin snips are very convenient for cutting strips of
hard insulation, such as fibre, or for cutting shims of
thin metal for lining up bearings or machine bases.
They can also be used for cutting shims to place under
field poles when adjusting air gaps on the poles of
motors or generators.

A set of bearing scrapers, such as used on automotive
work are usually very convenient. These are to be
used for scraping sleeve-bearings to fit the shafts of
motors or generators.

An air-gap gauge consists of a group of thin metal
feeler gauges that can be used for determining the air
gap between the armature core and various field-pole
faces.

It is quite important to keep the arnmature centered in
the machine, in order to secure best operation, and
when bearings become worn and allow the armature to
drop below the center, an air-gap gauge can be usec
to re-center the armature or determine which poles it
is closest to.

One or more pieces of hack saw blade can be easily
fitted with file handles and used for undercutting mica
on small and medium-sized machines, as was explained
in a previous article.

Flat files are very convenient for resurfacing and
dressing the faces of contacts on controllers, and hun-
dreds of other uses which are not necessary to mention,
as most everyone knows the common uses for a file.

Where most of the work to be done is within reach
of electrical circuits of the proper voltage, an electric
soldering-iron is generally most convenient. Where
electric supply of the proper voltage is not available or
where very heavy soldering is to be done, a blow torch
is essential, One or more soldering coppers can then
be used, by heating them in the flame of the blow torch.
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225. OPERATION AND CARE OF BLOW
TORCHES

At this point it will be well to give a few general
hints on the use of gasoline blow-torches.

A torch of one quart size is usually most convenient
for ordinary work. To fill the torch, unscrew the cap
in the bottom and pour the gasoline in the opening
with a funnel. If any gasoline is spilled on the bottom
of the torch it can be run inside by gently rocking the
torch back and forth until most of it runs into the
opening.

After filling, replace the cap, making sure that the
composition washer is in place, to seal the torch air-
tight and prevent leakage of gasoline. Tighten the
screw cap securely and pump a small amount of air into
the tank. Six to ten strokes of the pump is sufficient
for starting a torch. Then hold the hand or some ob-
ject over the torch nozzle, tipping the torch back
slightly, and open the needle valve a small amount.
The gasoline which is allowed to escape will then drain
into the small vessel or cup under the torch. The cup
should be nearly full before the valve is closed.

This gasoline should then be carefully ignited with
a match and allowed to burn away almost completely
before opening the valve again,

This flame heats the torch nozzle and gas generator
so the liquid gasoline will be turned into vapor as it
escapes. This is necessary for proper operation and to
secure the full heat of the flame.

When the torch is well-heated, open the needle valve
and adjust it until the flame is a sort of blue color with
a slightly pink tinge.

If the torch is operated in a breeze or wind, turn
the torch so the flame points against the breeze. This

will tend to confine the heat of the flame where it will
do the most good and keep the torch hot enough- to
operate.

When through using the blow torch, it should be ex-
tinguished by closing the needle valve; never by blow-
ing or smothering the flame. After extinguishing the
torch, let it stand a few minutes; then open the needle
valve until a hissing sound is heard. This relieves the
pressure in the tank and the needle valve can then be
close gently and the torch put away until it is to be
used again.

Never use a pliers on the needle valve or you
may damage the soft metal seat of the valve. Never
use one blow torch to heat another, or it may
result in an explosion and dangerous burns.

These few general hints on the types of tools and
the methods of their use are intended simply to aid
those who have never used tools of this kind to become
properly acquainted with them.

Thoughtfulness, pride, and care in your work, and
the application of a little mechanical ability along with
practice, are all that are required to make most any-
one proficient in the use of these tools and in ordinary
electric. maintenance work.

Always do all repair work neatly and thoroughly.
You will find that in the long run it saves time and
trouble. Take a reasonable pride in all electrical ma-
chinery and equipment which you may be operating or
maintaining, and also in your knowledge of the proper
operation and care of this equipment.

Conscientious and intelligent application of the
knowledge you can gain from this section, should
enable you to qualify in the operation or mainte-
nance of practically any Direct Current equipment,
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ALTERNATING CURRENT

Alternating current electricity provides one of the
greatest fields of opportunity and one of the most
fascinating branches of work and study in the entire
electrical industry today. .

In the last few years, alternating current and A.C.
machines have come into such extensive use in
nearly all industries that no electrical man can
afford to be without a knowledge of this very inter-
esting form of energy and equipment.

One of the greatest advantages of alternating
current is that it can be much more economically
transmitted over long distances than direct current
can. This is due to the fact that the voltage of
alternating current energy can easily be stepped up
to very high values by means of transformers.

The economical high-voltage transmission of al-
ternating current makes it possible to generate this
form of energy more cheaply in large and efficient
central generating stations or power plants, and
then transmit it to towns and factories at consid-
erable distances.

High tension transmission lines also make pos-
sible the use of. water power produced in large
hydro-electric plants which are often a long distance
from the towns and places where the electrical
energy is used.

Thousands of miles of high-voltage transmission
lines, operating at voltages from 66,000 to 290,000,
tie together the great steam and hydro generating
stations in vast super-power networks throughout
this country. These lines carry hundreds of thou-
sands of horse-power of clean, silent, and efficient
electric energy to turn the wheels in our great
factories, to light our homes and city streets, and
to operate electric railroads, etc.

Interconnection of the greatest power generating
plants and centers by high voltage A. C. lines makes
possible greater economies of operation and de-
pendability of electric supply than can be obtained
in any other way. It tends to balance or equalize
the varying loads of the different towns, communi-
ties, and factories, into a more uniform average
load on all of the interconnected generating plants;
and thereby reduces the number of spare generators
that must be carried in any of the plants for peak
loads. Connecting a great number of power plants
together also makes it possible for one generator,
plant, or line to be shut down for repairs without
interrupting the electric supply to the users, as the
full load can be carried temporarily by the other
plants on the system.

For these reasons. alternating current transmis-
sion lines have been developed with tremendous
rapidity so that at present their voltages run as
high as 290,000, and new power lines are constantly

being installed in a great network throughout the
entire country. Engineering tests and experiments
are now being carried on toward the development
of 330,000-volt transmission lines. .’

Even with our present super-power lines it is
possible to economically transmit many thousands
of horse power over distances of several hundred
miles.

Great generating plants in Chicago have supplied
power to the city of Pittsburg, and have for a short
test period supplied power to light the streets of
Boston. Chicago has some of the largest gener-
ating plants in the world, and these plants are
connected with others in a vast system with trans-
mission lines reaching to the eastern and southern
coasts of the U. S,, and long distances north and
west.

Huge electric generating plants producing from
100,000 kw. to 1,000,000 kw. each feed the alternating
current to the transmission lines; and new power
plants are constantly being built to supply the ever-
increasing demand for electric power.

It is almost impossible to comprehend the tre-
mendous rate at which alternating-current electrical
equipment has been developed, and the present rate
of expansion of this great industry.

Fig. 1. This photo shows a high voltage power line of the type which
carry thousands of h. p. of electrical energy throughout the country,

[y
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Fig. 2. The above view shows a high voltage arc created by passing
current at a potential of several hundred thousand volts through air.
In 1889 an A. C. generating unit of 400 kw.
capacity was put into operation, and was thought
to be a very large unit at that time. The size of
A. C. generators kept increasing until, in 1917, units
of 45,000 kw. were in use, and a unit recently
installed in one of Chicago’s new power plants is
of 208,000 kw. capacity. This is equivalent to
about 275000 h. p. Fig. 3 shows a mammoth

steam-turbine-driven A. C. generator of 165,000
kw. capacity.

Hydro-electric plants have also developed rapidly.
In 1890 only a few thousand h. p. were produced
at Niagara Falls, but now its electrical output has
been increased to over one million h. p.

A new hydro plant of the Philadelphia Electric
Company, at Conowingo, Maryland, produces nearly
one-half million h. p. of electric energy; and there
are hundreds of other water-power plants which
generate from 10,000 to 100,000 h. p. and more each.
Fig. 4 shows a photo of the great dam and power
house at Conowingo.

The operating of all these steam and hydro-elec-
tric power plants provides steady jobs at good pay
and clean, fascinating work, for many thousands of
trained electrical men. The construction of new
plants and power lines, and the inspection and
maintenance of existing lirnes, employs thousands
more. '

Then there is the manufacture, installation, and
maintenance of the vast number of A. C. electrical
machines and devices that use the millions of h. p.
generated by all these power plants.

Electrical manufacturers produce approximately

—i"-_i”F_ig.‘af.‘ Modern stemm generators of the above type produce many millions of h. p. of electrical energy, for use in lighting and the operation of

iiowex;_ machinery:. The generator shown in this photo is of
merican Brown Bovery Co.) '

165,000 kw. capacity and is driven by steam turbines. (Photo courtesy of
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PFig. 4. Enormous hydro-electric generating stations also produce many millions of h. p. _to supply the extensive needs for electrical energy.
This hydro plant is at Conowingo, Md., and is one of the largest in this country. It produces several hundred thousand h,p. (Photo

courtesy Philadelphia Electric Co.)

2y billion dollars worth of electrical equipment
yearly. Try to imagine, if you can, the additional
number of men required each year to produce, in-
stall, operate, and maintain that equipment.

Approximately 80% of all the money invested
in the electrical industry in the U. S. is invested
in sixty-cycle, A. C. equipment; and about 90%
of all the electric power generated is A. C. So
you can readily see the value of a good knowledge
of this branch of electricity.

Manufacturing and industrial plants in this coun-
try are over 80% electrified at present. The ma-
chines in these plants are largely driven by A. C.
motors, because of their practically constant speed,
rugged construction, and low maintenance costs.
Fig. 5 shows a typical example of A. C. motors
used for individual drive of machines in a textile
mill.

The most common type of A. C. motors have no
commutators or brushes, which greatly reduces
their wearing parts and the amount of care thev
require.

Special types of A. C. motors with high starting
torque have been developed for certain uses for
which D. C. motors were formerly considered nec-
essary, and now there are A. C. motors available
for practically every need.

Alternating-current synchronous motors are ideal
for operating equipment where absolutely constant
speed is required.

In addition to the hundreds of thousands of h. p.
used in A. C. motors, factories also use alternating

current very extensively for spot welding and butt
welding machines, enameling ovens, heat-treating
furnaces, and other processes, as well as for light-
ing.

Sixty-cycle alternating current is very suitable for
lighting with incandescent lamps, as the periods of
zero voltage between the alternations are so very
short that they do not allow time for any noticeable
dimming of the light from the lamp filaments. So
wherever alternating current is used for power pur-
poses it is also used for lighting; and in homes,
offices, and stores alternating current is by far the
most generally used for lighting.

Some very important branches of the electrical
industry actually depend upon alternating current
for their existence. Radio is one of these, and as
the energy used in radio transmission is high-fre-
juency A.C., the study of alternating current prin-
siples is very essential to anyone who plans to
ollow radio work.

The increase in the use of alternating current
in the last few years and the thousands of uses
which have been developed for it so far, make it
almost impossible to over-estimate the extent to
which A. C. will undoubtedly be used in the near
future.

The high rate of development and expansion
in this field requires thousands of additional trained
men yearly. There are many of electricians in the
field today who have followed D. C. work almost
exclusively and know very little about the prin-
ciples of alternating current and A. C. machines.
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Therefore, this branch offers the finest of oppor-
tunities to trained practical men who have a good
knowledge of alternating current. ’

And let us emphasize again that, in addition to
being a very valuable subject to know, alternating
current electricity is one of the most fascinating
and interesting subjects any ambitious student can
ever hope to find.

Alternating current differs from direct current in
many ways, but practically all the principles of
electricity which you have learned so far can, with
a few modifications, be easily applied to A.C.

Alternating current is often thought to be a dif-
ficult subject to master. It does not need to be at
all, when properly explained in a practical manner.

In the following pages the principles of alter-
nating current and the operation and care of A. C.
machines will be covered in a simple non-technical
manner, for the needs of the practical man.

Study these pages carefully for the sake of your
future earning capacity, and to qualify yourself for
some of the splendid opportunities in this field.

Fig. 5. This view shows a number of A. C. motors being used for in-
dividual drive on machines in a textile mill. Thousands of factories
and industrial plants use eclectric motors in this manner for driving
ther various machines and equipment. (Photo courtesy G. E
Company)

1. NATURE OF ALTERNATING CURRENT

In previous sections of this Reference Set we
have already explained to some extent the differ-
ence between alternating current and direct current.
We shall, however, review some of these points
and also take up others in detail, as it is very
important to have a thorough understanding of the
nature and principles of alternating current, in order
to properly understand the operation of A. C. ma-
chines.

Alternating current is current that constantly
changes in value and periodically reverses in direc-
tion.

This reversal of the current is caused by the
armature conductors passing first a north and then
a south pole in the generator.

You have learned that A. C. is induced in the

conductors of any ordinary generator armature, and
that to obtain D. C. we must rectify the current
from a generator armature by means of a commu-
tator.

Alternating current can be made to produce heat,
light, and magnetic effects just as D. C. can. The
principal difference in the magnetic fields of A. C.
and D. C. circuits is that alternating current pro-
duces a constantly varying flux, the lines of which
are always in motion or expanding and contracting
around the conductor. This alternating or moving
magnetic field of alternating current is what makes
possible the operation of transformers, to step the
voltage up or down as desired.

2. INDUCTANCE AND CAPACITY IN A. C.
CIRCUITS

The moving A. C. flux also sets up in any A. C.
circuit, self-induction due to inductance. This in-
ductance and also a condenser effect, or capacity,
which is caused by the constantly varying voltage
of A. C. circuits, are the two principal differences
between A. C. and D. C. circuits.

We have learned that the important factors in
any direct-current circuit are pressure, current, and
resistance. We have the same three factors to
consider in any A. C. circuit and also the two
additional factors—inductance and capacity.

Ohms law applies also to A. C. circuits, with a
slight modification to include the inductive and
capacity effects on the current, as well as the effects
of resistance.

Many of the most important advantages of A. C.
and many of the greatest achievements in the elec-
trical industry are based on these two additional
factors in A. C. circuits—namely, inductance and
capacity. They will both be thoroughly explained
a little later.

3. GENERATION OF ALTERNATING
VOLTAGE
The development or generation of alternating-
current voltage is shown in Fig. 7. At the left

Fig. 6. This large A. C. induction motor is in use in a steel mill and
is rated at 6500 h. p. (Photo courtesy G. E. Company
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of this figure is a sketch of a simple two-pole
generator in which the progress of the conductor
throughout one revolution is shown in eight steps
of 45° each. The successive values of voltage which
will be induced in this conductor are plotted or
projected along a horizontal base-line at the right
side of the figure.

The values above the line are positive voltage
values and those below the line are negative. Elec-
trical degrees and time are also plotted along this
axis line. The electrical degrees are represented
by spaces of uniform length and drawn to scale,
for example 4-inch for each 45 degrees, or Y4-inch
for each 90 degrees, etc.

Other spacing values can be used to suit the size
of the drawing desired.

Time “later” is indicated in a right-hand direc-
tion and time “earlier” in a left-hand direction. To
illustrate this, a vertical line “X Y” is drawn
through the axis; and all values on the right-hand
side of this vertical line are later in time, while
all values on the left are considered to be earlier
in time.

While the conductor shown at No. 1 is moving
in the neutral plane of the magnetic field it will
have no voltage induced in it. Therefore, the
voltage value at this point will be as shown at “a”
on the axis line. The axis line always represents
zero voltage value.
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GENERATION OF ALTERNATING CURRENT

Fig. 7. The above diagram illustrates the manner in which alternating
voltage is produced in a simple two-pole generator. The sine curve
shows the variations and reversal of voltage for one revolution of
the armature. Study this diagram very carefully with the accom-
panying explanation.

As the conductor moves around the armature 45
degrees in a clockwise direction it comes to position
2, where it is beginning to cut into the field flux
of the N pole, and at a more and more abrupt
angle. At this point the voltage value will be as
shown at “b”, or the point where the dotted line
running to the right from conductor 2 intersects
the vertical time line which is just 45 degrees later
than the one at “a”. SRR

When the conductor moves atother step, or 45
degrees, farther to position 3, it will then be cutting
at right angles to the dense flux of the N pole,
and will produce a voltage value as shown at “c”,
where the dotted line from the conductor intersects

1

the time line, which is now 90 degrees later than
the one at “a”.

When the conductor moves to position 4 it is
beginning to leave the flux from the N pole and
its induced voltage will be somewhat lower, as
shown at “d”. As the conductor moves on to posi-
tion § it is again passing through the neutral plane
or at a point where it doesn’t cut any appreciable
amount of flux, and its voltage will again be at
zero value, as shown at “e”.

The voltage values which this conductor will pro-
duce in passing from position 5 back to 1 will be
the same as those from 1 to 5, except that the
voltage will be in the reverse direction, as the con-
ductor is now cutting in the opposite direction
through the flux of the S pole. These negative
values are represented at the points, f, g, h, and i,
or below the axis line.

The armature conductor has now passed through
a complete set of positive and negative values and
through one ‘complete revolution or 360 electrical
degrees.

4. SINE CURVES; ALTERNATION, CYCLE,
FREQUENCY

If we connect the points a, b, ¢, d, e, f, g, h,

and i all together with a curved line, that line will

form what is known as a sine curve. This curve

_ gives us a clear mental picture of the manner in

which the voltage varies in amount or value and re-
verses in direction in an alternating-current circuit.

The values from “a” to “e” are all positive and
constitute 180 E°, or one alternation. The values
from “e” to “i” form the negative alternation. These
two successive alternations, one positive and one
negative, complete one cycle.

If we were to go on revolving the conductor
rapidly it would produce one cycle after another
of alternating current, provided the coil were con-
nected to a closed circuit. The number of these
cycles which occur in each second of time is called
the frequency of an alternating current circuit, and
is expressed in cycles per second. Nearly all A. C.
systems in this country today use 60-cycle fre-
quency.

Examine the diagram in Fig. 7 very carefully,
until you are sure you know the number of elec-
trical degrees in one alternation and in one cycle.

A conductor in a generator must always pass one
pair of poles, or one north and one south pole, to
complete a cycle. Therefore, the greater the num-
ber of poles in a generator the greater will be the
number of cycles it will produce per revolution.
The frequency of any A. C. generator can always
be determined by the following simple formula:

RPM

f= 60

X N

In which:
f = frequency in cycles per second
RPM = revolutions per minute of generator
60 = no. of seconds per min.
N = no. of pairs of poles in generator
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5. FLOW OF ALTERNATING CURRENT

If an alternating voltage such as shown in Fig. 7
is applied to a closed circuit, alternating current
will flow. The current will, of course, vary in
amount and reverse in direction, just as the voltage
does. These alternations or impulses of current can
be shown by a curve similar to the one for voltage
in Fig. 7. Current first starts to flow around the
circuit in one direction, and continues in this direc-
tion during one alternation, or 180°. In a 60-cycle
circuit this would be for 14, part of a second.

During this period the current value or intensity
keeps gradually increasing up to maximum during
the first 90°, or one-half alternation. Then it starts
to decrease in amount, but continues in the same
direction for another 90°, or the last half of the
alternation.

When the current in this direction has fallen to
zero value, it then reverses and flows in the other
direction for one alternation or 3, part of a
second, again rising and falling in value or amount.
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Fig. These sketches show the maximum, effective, and average

values of alternating voltage and current.

6. MAXIMUM AND EFFECTIVE VALUES
OF ALTERNATING CURRENT

Fig. 8-A shows a curve iur one complete cycle
of single-phase alternating voltage, and Fig. 8-B
shows a curve for the current that we will assume
is caused to flow by that same voltage cycle,

These curves show maximum values of one volt
and one ampere for this circuit. You will note
that these maximum values last for only a very
short period during each alternation. So, if we
were going to determine the heating effect or power
that would be continuously produced by such an
A. C. circuit with one volt maximum pressure and
one ampere maximum current, we could not expect
as great a result as from a D. C. circuit with one
volt continuous pressure and one ampere continu-
ous current.

By actual test we find the heat produced by the

A. C. circuit is about 70%, or to be more exact
707 of that produced by the D. C. circuit.

We therefore say that the effective voltage and
current values of an A. C. circuit are .707 of the
maximum values. It is this effective value that
we consider in ordinary work and calculations with
A. C. circuits. Ordinary A, C. voltmeters and
ammeters are calibrated to read the effective values
and not the maximum values.

Therefore, if an A. C. circuit has meter readings
of 100 volts and 100 amperes, we know these to
be the effective values; and this circuit would pro-
duce just as much heating effect as a D. C. circuit
of 100 volts and 100 amperes.

Compare carefully the effective and maximum
values shown in Fig. 8. You will note that the
effective value is nearly three-quarters of maximum
value,

If an A. C. circuit has a maximum voltage value
of 100 volts, the effective value would be .707 X
100, or 70.7 volts.

7. CALCULATION OF EFFECTIVE AND
MAXIMUM VALUES

The effective values of an A. C. voltage or current
curve for any alternation, can be calculated by what
is called the root mean square (R.M.S.) method.

This calculation is made by getting the instan-
taneous values of the curve at points one degree
apart and squaring all these values. Next all these
squares are added together and averaged, by divid-
ing the sum by the number of squares. Then,
taking the square root of this average, we would
have the root mean square; or, in other words, the
square root of the average square of the separate
values.

This method of squaring the curve values and
then getting the square root to obtain the effective
value, is used because the heating effect of any
A. C, circuit is proportional to the square of current
at any instant. :

The process just described may seem somewhat
technical, but with a little reviewing you will find
that the principle is quite simple.

You may not have occasion or need to use the
R.M.S. method in any calculation in your ordinary
electrical work for some time; but it may be very
handy for some future reference, so it is given here
for your convenience at any later time. It is also
given as a matter of interest, so you may know
how the effective value is obtained and where the
figure .707 comes from.

Remember that an A. C. circuit will perform just
as much work per volt and per ampere as a D. C.
circuit, because ordinary A. C. meters read the
effective values only, and these are the values com-
monly considered in A. C. work.

One of the most important points to be consid-
ered, however, is that to produce a given effective
voltage in an A. C. circuit, the maximum voltage
for its short periods during each alternation will
be considerably higher than the effective voltage
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registered by the meter. This places a higher
voltage strain on the insulation of an A. C. circuit
of a given effective voltage value, than on a D. C.
circuit of the same voltage.

When either the maximum or effective value of
an A. C. circuit is known, the other can be found
by one of the following formulas:

Effective value = Max. value X .707
Maximum value = Eff. value + .707

It is often easier to multiply by the reciprocal
of a number than to divide by the number itself,
and the same result can be obtained by either
method. You will recall that the reciprocal of a
number is equal to 1 divided by the number. So,
in the case of the effective value .707, its reciprocal

. 1
is equal toW or 1414,

Accordingly, the above formula for finding maxi-

mum value can be changed to read:
Max. value = eff. value X 1414

The use of this formula is illustrated by the fol-
lowing example.

If we have a motor which is being rewound to
operate on a 2200-volt circuit, what would be the
maximum voltage stress on its insulation?

If the effective value is 2200 volts, then:

Max. value = 2200 X 1.414, or 3110.8 volts

This would be the maximum voltage impressed
on the insulation of the motor winding and, al-
lowing enough extra for safety factor to prevent
possibility of puncture of the insulation, it would
probably be insulated for 5000 volts or over.

8. AVERAGE VALUE OF ALTERNATING
CURRENT

By referring again to Fig. 8, you will note that
an average value of the curves is also shown. The
average value is .636 of the maximum value. This
figure is used in a few electrical calculations and in
“the design of electrical machines, but not a great
deal in ordinary electrical work.

Because of the shape of the sine curves for alter-
nating current and the fact that the heating effect
is proportional to the square of the current values,

the effective value is actually a little higher than

the average value, as shown in Fig. 8.

The voltage alternations produced by an actual
power generator would not be quite as smooth or
perfect in shape as the curves shown in these figures.
Instead they would have little irregularities or ripples
in them; but as they follow the same general shape,
all ordinary circuit calculations for A. C. are based on
the true sine curves as shown.

9. SINGLE-PHASE AND POLYPHASE
CURRENTS

You have already learned that A. C. circuits are
of single-phase, two-phase, and three-phase types;
and in the section on A. C. armature winding the
method of generating single-phase and polyphase
currents was explained. If you find it necessary to
refresh your memory on these points, review pages
1 to S of Section Two of Armature winding.

Smgle Phase Voltage Curve
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Fig. 9. The above diagram shows the sine curves for single-phase,
two-phase, and three-phase alternating voltages.

You will recall that the term “phase” refers to the
number of parts of an A. C. circuit or the number of
separate sets of alternations in the circuit.

Fig. 9 shows three sets of curves for single-phase,
two-phase, and three-phase circuits. The single-
phase curve at “A” has successive alternations of
180° each. The two-phase circuits have two sets of
alternations occurring 90° apart; that is, they start,
reach their maximum values, and finish always
90° apart. Three-phase circuits have three sets of
alternations, 120° apart, as shown at “C” in the
figure.

You will recall that these alternations are gen-
erated with the various spacings in degrees, by spac-
ing the armature conductors the same number of
electrical degrees in the generators.

Each alternation of any single-phase or polyphase
circuit consists of 180°, and each cycle consists of
360°. Keep in mind also that the poles in an alter-
nator are always spaced 180 electrical degrees apart,
and that a pair of poles constitutes 360 electrical
degress.

Six-phase energy is also used in some cases, for
converters and rectifiers. Fig. 10 shows a set of
curves for six-phase energy. Two-phase circuits
are still used to some extent in older installations.
Single-phase and three-phase systems are by far the
most commonly used. Single-phase systems are
used extensively for incandescent lighting and small
power motors, and three-phase systems are used
almost exclusively for large motors, general power
work, and transmission lines.

10. PHASE RELATIONS OF VOLTAGE AND
CURRENT

The voltage and current of an A. C. circuit can

both be shown in the same diagram hy separate sets
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of curves drawn along the same zero or axis line,
as shown in Fig. 11. This figure shows the curves
for a three-phase circuit. The solid lines represent
the voltage impulses and the dotted lines represent
the current impulses.

In this diagram the current value is shown to be
slightly less than the voltage value by the lower
height of the curves; but the current alternations
are in phase or in step with the voltage alternations.
In other words, the current and voltage alternations
of each phase start together, reach their maximum
values together, and finish together.

This seems to be the proper or natural condition,
as you know that the current variations are caused
by the variations in pressure or voltage; so it would
seem quite natural that the two should be in step,
or “in phase”, as we say.

It is possible, however, to have the current im-
pulses occur out of phase with the voltage impulses
in A. C. circuits, due to the effects of inductance or
capacity in these circuits.

The current may either lag or lead the voltage,
according to whether the inductance or capacity is
greatest in the circuit. These conditions will be
fully explained a little later. :

Six Phase Voltage Curves

Fig. 10. This sketch shows the sine curves for the voltage of a
six-phase A. C. circuit. Compare these sketches carefully with the
ones in Fig. 9, and note the number of degrees spacing between
each phase and the next.

11. EFFECT OF LAGGING OR LEADING
CURRENT ON POWER

When the current and voltage impulses are in
phase with each other, or working together in the
same direction, they will, of course, produce more
useful power in watts than when they are out of
phase or working in opposite directions part of the
time.

When current and voltage are in phase as shown
in Fig. 12, the product of the voltage and current
values at any instant will give the watts power at
that instant. _

The power curve in this diagram is shown by the
heavy line, and is all above the axis line, represent-
ing useful power.

In Fig. 13 the voltage and current are slightly out
of phase, and the current is lagging a few degrees
behind the voltage. This causes short periods dur-
ing each alternation when the voltage and ‘current
are in opposite directions, as shown between the
lines “a” and “b”. During this period there is no
useful power in watts produced and the power curve

known as wattless power.

This wattless power does not produce any useful
power on the system, but merely produces addi-
tional heating of the conductors, and thereby limits
the capacity of generators, motors, and lines in
which this condition exists.

When multiplying the values of voltage and cur-
rent curves to obtain the power in watts at any
instant, the polarity of the curves must be carefully
observed. When voltage and current curves are
of the same direction or polarity, their product will
all be positive or useful watts, and is shown by the
power curve above the axis line. At points where
the voltage and current curves are of opposite po-
larity, their product will give negative or wattless
power, shown by the power curve below the axis
line.

Three Phase Voltage and Current Curves.

Fig. 11. Voltage and current curves of a three-phase circuit. The

voltage is shown by the solid lines and the current by the dotted lines.

12. A. C. CIRCUITS

The practical man will often have occasion to
make simple measurements and calculations with
the voltage, current, and power of A. C. circuits, in
his work in the field as an electrical construction
man, power plant operator, or maintenance man.

These calculations can be made with A. C. circuits
in very much the same manner that you have al-
ready learned for D. C. circuits; and just as easily,
once you have a thorough knowledge of A. C. prin-
ciples and the important factors which control the
current and power in A. C. circuits. *

It is sometimes difficult for a student to see how
these calculations can be made with A. C., because
of the manner in which the voltage and current are
continuously and rapidly varying in value and re-

Power Curve

Watts

Fig. 12. Thig diagram shows the curves for the voltage, current, and
power of single-phase A. C. circuit, in which the voltage and current
are in phase with cach other.
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versing in direction. It is our purpose to simplify
these points and avoid the unnecessary misunder-
standing and difficulties which so frequently worry
students and electricians who do not have a proper
understanding of the simple fundamentals of alter-
nating current.

An excellent fact to keep in mind at all times is
that an alternating current circuit can at any partic-
ular instant be compared to a D. C. circuit.

As we usually work with the effective values of
current and voltage in A. C. circuits and can always
consider the circuit during a certain period of one
alternation, or as the current is flowing in only one
difection for the moment, this greatly simplifies
tracing the flow of current in the circuit and making
any calculations with the current or voltage.

Power Curve

Wattless Powe

Fig, 13. Voltage, curreat, and power curves of a single-g‘hase eircuit
in which the voltage and current are out of phase. The current,
rEprgsented by the dotted curves, is shown lagging behind the voltage
in this case.

13. INDUCTIVE REACTANCE, CAPACITY
REACTANCE, and IMPEDANCE

We have already mentioned that in A. C. circuits
there are always two other factors besides resistance
which control the current flow, and these are induc-
tance and capacity.

The effects or opposition offered by inductance
and capacity to the current and voltage of an A. C.
cjrcuit, are known as inductive reactance and capa-
city reactance.

If resistance, inductive reactance, and capacity re-
actance all tend to control the current flow in A. C.
circuits, we should be able to sum these all up
together to get the total controlling effect on the
current and thus simplify our calculations and prob-
lems. That is exactly what we can do.

The total opposition offered to the flow of cur-

rent in an A, C. circuit, is called impedance. The .

impedance of an A. C. circuit therefore, compares
with the resistance of a D. C. circuit.

The factors that make up the impedance can be
illustrated in another way as shown in Fig. 14.

Impedance is here shown as being composed of
the resistance and total reactance. The total react-
ance is then subdivided into its two classes, Induc-
tive reactance and Capacity reactance.

The impedance and reactance of A. C. circuits are
both measured in the unit ohm, to be comparable to
the resistance in ohms.

The symbols used to indicate these very import-
ant factors of A. C. circuits are as follows:.
Z = Total impedance in ohms
X = Total reactance in ohms
XL = Inductive reactance in ohms
Xc = Capacity reactance in ohms
R = Resistance in ohms.

14, OHMS LAW FOR A. C. CIRCUITS

Now that we know the factors that control the
flow of current in A. C. circuits and also that they
can all be grouped into impedance in ohms, it is easy
to see how Ohms law can be applied to an A. C. cir-
cuit by simply substituting the ohms of total im-
pedance for the ohms resistance used in D. C. Ohms
law.

From Ohms law for D. C. circuits we learned that
the current flow could be determined by dividing
the voltage by the resistance in ohms. Then for
A. C. circuits, the current can be determined by
dividing the effective voltage by the impedance in
ohms. Or,

E
==

And from this we can obtain by transposition the
other two very convenient formulas:

Z=—I£,andE=IXZ

As inductance and capacity are such important
factors in A. C. circuits, and are the cause of induc-
tive reactance and capacity reactance, it will be well
to learn more about them. In addition to offering
opposition to the current and voltage, inductance
and capacity also cause the current to be out of
phase with the voltage in most A. C. circuits. For
these reasons we will explain them in detail in the
following paragraphs.

AN

RESISTANCE
IMPEDANCE { INDUCTIVE REACTANCE
REACTANCE {

CAPACITY REACTANCE

Fig. 14, This figure shows the several different factors which make up
the impedance in an A. C, circuit.

15. INDUCTANCE

Inductance is that property or ability which an
electric circuit possesses for developing a counter
electro-motive force within the circuit itself, by
electro-magnetic induction.

The counter-E. M. F. due to inductance is caused
by the variations or changes of current strength in
the circuit, and the corresponding changes or vari-
ations in the magnetic flux around it.

All A. C. circuits will have a certain amount of
inductance. In some cases this inductance is so small
that it can be disregarded entirely in ordinary prob-
lems; while in other cases the inductive effect is so
great that the whole operation of the circuit or de-
vice may depend upon it.
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Inductance tends to oppose every change of cur-
rent that occurs in any circuit, by generating or in-
ducing a counter-voltage of self-induction as the
changing flux cuts across the conductors of the cir-
cuit itself.

For this reason, A. C. circuits which have coils or
machine windings connected in them, have a much
greater inductance than straight wires or lines, or
incandescent lighting circuits. This is because coils
and windings set up very strong fields of concen-
trated magnetic flux, and as these lines of force cut
across the turns of the coil they generate consider-
able counter-voltage of self-induction.

A. C. circuits to which are connected induction
motors and transformers are very highly inductive,

because of the windings of these machines and their .

location on the iron cores of the device, in a manner
which is ideal for establishing very strong magnetic
fields.

Ordinary incandescent lighting circuits are con-
sidered as practically non-inductive because their
inductance is so small that it is usually not consid-
ered in ordinary calculations.

Fig. 15. The alternating flux around colls or wires of A. C, circuits
produces voltage of self-induction and inductive reactance in the
circuits.

Ihe counter-voltage and inductive reactance which
result from inductance in the winding of A. C.
machines, regulates or limits the current flow a
great deal more than the ohmic resistance does.
This is the reason why many A. C. machines and
devices will be burned out almost immediately if
they are connected to a D. C. circuit of the same
voltage.

The direct current, being constant in value, does
not have a continually varying or moving flux to set
up the counter-voltage of self-induction.

The unit with which we measure inductance in a
circuit is called the henry. A circuit has an induct-
ance of one henry when a current change of one
ampere per second will induce one volt counter-
voltage of self-induction in that circuit.

The unit “henry” is sometimes known as the co-
efficient of self-induction, and the symbol for this
unit, “henry”, is the capital letter L. Therefore, the
expression 10 L means 10 “henrys” of inductance in
the circuit.

Sometimes the inductance of a circuit is much

less than one henry, and is expressed in milli-henrys
(M. H.), or 1/1000 part of a henry.

16. COUNTER-VOLTAGE OF SELF-
INDUCTION

Fig. 15 illustrates the manner in which the count-
er-voltage is build up by induction in a coil in an
A. C. circuit. The current flowing through the coil
sets up a strong magnetic field around all its turns.

We know that with alternating current these lines
of force will be constantly expanding and contract-
ing, and reversing in direction, as the current varies
in amount and reverses in direction.

As the lines of force expand and contract, and cut
across the turns of the coil in first one direction and
then another, they will induce a voltage which op-
poses the applied voltage.

It will be well to keep this fact always in mind—
that the electro-magnetically induced currents are
always in such a direction that the field set up by
them tends to oppose or stop the force which pro-
duces them. This is known as Lenz’s Law, as it
was disovered by an early experimenter named
Lenz. :

The manner in which the counter-voltage is set
up by induction is illustrated more in detail in Fig.
16. In this figure we have shown a sectional view
of a coil of wire as though the turns were all cut in
half, lengthwise through the coil. The current set
up by the applied line voltage at the particular in-
stant, is shown flowing in at the lower conductor
ends and out at the top ends.

The flux which will be set up by this current is
shown around the lower end of the right-hand turn
of the coil. Flux would, of course, be set up around
all the turns but, for convenience in illustrating the
principle of induction, is shown only around this
one turn.

When the current of one alternation in the circuit
builds up in the turns of the coil, the flux shown
around the conductor or single turn will expand

Current flow out
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Fig. 16. The above diagram illustrates the manner in which the

counter-voltage of self-induction is built up in an inductance coil.
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more and more until the current reaches maximum
value. During this building up of the current and
flux, the lines will be cutting across adjacent turns
of the coil in the direction shown, and will be induc-
ing a voltage in them. .

By applying the right-hand rule for induced vol-
tages, we find that the direction of the voltage in-
duced in the second turn of the coil, will be opposite
to the applied voltage. This also checks with Lenz’s
law which says that the direction of the induced
current will be such that its field will oppose the
force that produces it.

When we consider that the flux of a coil in an
A. C. circuit will be continually cutting across all
turns of that coil, and that the counter-voltage it
will induce in all these turns will add together as
the turns are all in series, we can then see that the
counter-voltage of self-induction in such a coil may
greatly limit the flow of curent through it.

If we place an iron core in such a coil, and allow
it to build up a much stronger field, this will greatly
increase the inductance of the coil. Such coils are
often called choke coils because of the “choking’ or
limiting effect which their counter-voltage has on
the flow of alternating current through them.

A coil of several hundred turns wound on a large
iron core and connected across 2 110 or 220-volt, 60-
cycle circuit, may produce nearly as much counter-
voltage as the applied line voltage, and allow only
a very small current to flow through the coil.

This explains why coils of A. C. devices or ma-
chines are usually wound with a much smaller num-
ber of turns than are D. C. devices for circuits of
the same voltage; because on A. C. circuits the in-
ductive reactance or counter-voltage: controls: the
current even more than the ohmic resistance does..

This self-induced voltage caused by the induct-
ance of a coil as shown in Fig. 16-A, being in a direc-
tion which opposes the applied line voltage, actually

Current flow out

Fig. 17. This view shows the flux around one turn of a coil during the
period when the current is at maximum value, The flux is neither
contracting nor expanding at this period, and therefore produces no
voltage of self-induction.

e

tends to make the current in the coil lag behind its
voltage. That is, the current alternation does not
reach its maximum value until a few degrees later
than the voltage does, as shown by the curves in
Fig. 16-B.

When the voltage of the alternation reaches max-
imum value, the current tends to stop increasing,
but this causes the flux around the conductor to
stop expanding and also to stop generating the
counter-voltage in the turns of the coil. This allows
the current to rise to its full maximum a little later
than the voltage reaches its peak. .

This is illustrated in Fig. 17-A, where the flux has
stopped expanding and producing counter-voltage ;
and on the curves at “B” the current and voltage
peaks are marked by the round dots.

Current flow out
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Fig. 18. This sketch shows the same coil as in Figs. 16 and 17 during
a period when the current through the coils is decreasing from maxi-
mum to zero value. Note how the flux contracts and cuts across the
turns of the coil.

As the voltage starts to reduce and causes the
current to decrease, the lines of force around the
turns of .the coil will start to contract or die down
as shown in Fig. 18-A. They are now cutting across
the turns of the coil in the opposite direction to
what they formerly were, and so they induce a vol-
tage in the same direction as the applied voitage.
This self-induced voltage now adds to, or aids, the
applied voltage, which still further explains why the
current flow reaches its maximum value after the
voltage does.

As the voltage dies on down to zero and the cur-
rent also tends to decrease to zero, the contracting
lines of force keep on inducing voltage that tends to
make the current continue 'in the same direction,
even for a short instant after the applied voltage
has reached zero. -

Thus the current of the alternation reaches its
zero value slightly later than the voltage does.

17. LAGGING CURRENT CAUSED BY

INDUCTANCE
From these illustratiorts we can see that induct-

\
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ance causes the current to reach its maximum and
zero values a few degrees later than the voltage, or
to lag behind the voltage. Inductance, therefore,
causes the current to be out of phase with the vol-
tage. The greater the inductance of an A. C. circuit,
the farther its current will lag behind the voltage.

In circuit diagrams inductance is usually repre-
sented by turns of a coil, as shown in Fig. 15.

In a circuit that has practically all inductance and
very little resistance, the current would lag almost
90 degrees behind the applied voltage. If it were pos-
sible to have a circuit with all inductance and no re-
sistance, the current lag in. that circuit would then
be 90°. This condition is, of course, not possible,
because all circuits have some resistance.

Fig. 19 shows the curves for the applied voltage E,
counter-voltage of self-induction Ec, current I, and
flux F, for a circuit that we shall assume has induct-
ance only and no resistance.

The change in current value and the correspond-
ing flux change are much more rapid as the current
passes its zero point. This can be seen by noting
the various amounts of current change along the
curve I, between the vertical time lines which divide
the alternation into even time periods of !4 alterna-
tion each. You will note that the current change
from “1” to “m” is much greater than in the next
equal time period from “m” to “n”.

This very rapid change of current and flux will
cause the maximum counter-voltage to be induced
at the time the current passes through its zero value.
The curve Ec shows the counter-voltage at maxi-
mum during this period.

The current changes at the lowest rate when near

its maximum value, or from “o” to “p”, and “p”

to “q”. The correspondingly slower flux change at
this point causes the induced counter-voltage to be
at or near zero value during this period.

So we find that the counter-voltage of self-induc-
tion in this case lags behind the current by 90 de-
grees. The applied line voltage to overcome the
counter-voltage is 180° out of phase with it, or in
direct opposition to the counter-E. M. F.

The applied voltage therefore “leads” the current
by 90°, or as we more commonly say, the current
“lags” the voltage by 90°.

In actual circuits, the current would never lag
this far but would be somewhere between this point
and the “in phase” position, according to the amount
of inductance in the circuit.

The curve E, which represents the applied voltage
to overcome the voltage of self-induction, is shown
180° out of phase with the voltage of self-induction
and 90° ahead of the current.

In any actual circuit the energy voltage would be
a few degrees later than the voltage curve E in this
figure, because there would be a little resistance to
overcome.

The applied voltage in Fig. 19 is shown at zero
value when the current is at maximum, while in an
actual circuit having some resistance, the energy
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Fig. 19. Curves for a single-phase circuit in which the current and
voltage are approximately 90° out of phase with each other, due %o
inductance in the circuit.

voltage would still be a little above the zero value,

as shown by the short dotted section of the curve

at "X”.

18. SELF-INDUCTION IN D. C. CIRCUITS
While there is practically no inductive effect or

counter-voltage of self-induction in a D. C. circuit

as long as the current does not vary, there is often
considerable voltage of self-induction set up in
windings of large D. C. machines or magnets when
the circuit is first closed or opened. This effect is
encountered with the rotors or fields of large alter-

nators, as their coils are excited by D. C.

When D. C. voltage is first applied to the field
winding of large machines, it may actually require
several seconds or more for the current to build up
to its full value and overcome the effects of seli-
induced counter-voltage set up by the expanding
flux. 1

When smch circuits are opened, the sudden col-
lapse of flux around the coils may induce very high
voltage, which tends to oppose the decrease of cur-
rent or keep the current flowing in the same direc-
tion. This accounts for the very severe arcs drawn
when some highly-inductive D. C. circuits are
opened.

The choking effect or counter-voltage of self-in-
duction in an A. C. circuit will vary directly with
the frequency of the current, or the rapidity with
which the flux changes and reversals are made.

This fact is taken advantage of in constructing
certain devices, such as choke coils for lightning
arresters, load-limiting reactors, etc. These devices
will be explained later.

19. CALCULATING INDUCTANCE AND

INDUCTIVE REACTANCE

The amount of inductance which any coil or de-
vice may have in henrys can be calculated by the
following formula:

L= Maximum flux X no. of turns
" Maximum current X 108

In which:
108 = 100,000,000, or the no. of lines of force
: necessary to be cut in one
second to produce one
volt. -
When the inductance of a certain device or circuit
is stated or known in henrys,-the inductive reactance
in ohms can be found by the following formula:
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XL=2n X f X L.

In which:
XL = inductive reactance in ohms )
T = 3.1416, or ratio of circumference to

diameter of a circle
2% = 6.2832
f = frequency in cycles per second
L = inductance in henrys

This formula is very important, as the inductive
reactance is one of the factors we need to know in
order to apply the A. C. ohms law for making any
A. C. circuit calculations.

As most A. C. power circuits are highly inductive
due to the machine windings, as previously ex-
plained, inductive reactance is the factor most com-
monly encountered in ordinary A. C. work in power
plants and industrial plants.

Induction motors and transformers are highly in-
ductive devices.

20. CAPACITY

In alternating current circuits there is always a
certain amount of condenser effect, or tendency to
store an electro-static charge as the varying voltage
of each alternation is applied. This condenser effect
is known as the capacity of a circuit.

You will recall, from an explanation of condensers
in the Elementary Section of this set, that a con-
denser consists of two or more surfaces or areas of
conducting material, separated by an insulator or
dielectric. This condition exists in an electric cir-
cuit, as the wires form the conducting areas, and
their insulation, or in some cases air only, forms the
dielectric between them.

You have also learned in the earlier discussion of
condensers that the amount of charge in coulombs
which a condenser will absorb depends on the vol-
tage applied.

On ordinary low-voltage A. C. circuits of short
length, the condenser or capacity effect is so small
that it need not be considered in every day prob-
lems. On high-voltage transmission lines of great
lengths, the capacity effect is often very great and
must be carefully considered in several ways.

For example, such lines may store such a charge
that even after they are disconnected from the
power plant they may hold a charge of thousands
of volts and many kilowatts. In fact, they often
hold so much of a charge for a short period after the
voltage source has been disconnected from them,
that the wires would be very dangerous to handle
until after they have been shorted together or
grounded by placing a ground wire across them.
This discharges the capacity charge stored in the
line and makes the wires safe to handle.

21. UNIT OF CAPACITY
Capacity of electric circuits or condensers is meas-
ured and expressed by the unit, farad. A condenser
has one farad capacity when a charge of one cou-
lomb will raise the condenser potential one volt.
The coulomb, you will recall, is a2 Alow of one am-

pere for one second. A condenser of one farad capa:
city will take a charge of one coulomb:when one volt
is applied to its terminals. .

Most condensers have capacities of only a few
millionths of a farad ; so the unit micro-farad, mean-

ing 1,000,000 of a farad, is much more commonly

used than the larger unit.

Capacity is, however, always expressed in farads
or fractions of a farad when used in calculations.
For example, 50 microfarads would be expressed as
000,050 farad. The symbol for farads or capacity
is the large letter “C”. .

22. CONDENSER CHARGING CURRENT

When voltage is first applied to ttic,‘tcrminals of
a condenser, as shown in Fig. 20, a ;,cu_rrent will at
once start to flow into the condenserjt“_ob,store up its
electro-static charge. If the direction of the applied
voltage and current for the instant are as shown by
the arrows in Fig. 20-A, the top plate of the con-
denser will become positively charged and the lower
plate negatively charged, as shown.

When the voltage is first applied to a condenser
and before its plates have had time to build up their
charge of voltage, the current flow into the con-
denser will be very rapid and at maximum value,
even though the applied voltage is still very low.
This is illustrated by the curves in Fig. 20-B. The
curve E represents the applied voltage; the curve I,
the current flow to the condenser; and the dotted
curve Ec, the counter-voltage of the condenser.
These curves are shown for a circuit that has prac-
tically ail capacity and very little resistance.

APPLIED VOLTAGE —+ 4
++ + ¥V + 4+ +
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—

R 110 VN

e
Fig. 20. This diagram shows the curtént leading the voltage b'y'nen‘x}fy'
90°, due to capacity or condenser effect in the circuit.

You will note at the first curve on the left that
the current reaches maximum value just a little later
than the applied voltage starts from zero value.
Then, as the applied voltage keeps onincreasing,
the counter-voltage, Ec; of the.condenser is*building
up and reduces the flow of curreént, until it reaches




zero value just after the applied’ voltage reaches
maximum. . _ , © TFTO sl

In this circuit, therefore, the current leads the
voltage by nearly 90 degrees. If it-were possible to
have a circuit with all capacity and no resistance,
the current would lead the voltage by 90°.

When the applied voltage passes its maximum
value and starts to die down, the condenser starts
to discharge, causing the current to start to flow in
the reverse direction just after the applied voltage
reaches maximum.

As the condenser discharges, its counter-voltage
dies down as shown by the dotted curve Ec, until it
reaches zero value just a few degrees later than the
applied voltage does.

When the alternating voltage reverses, the cur-
rent flows into the condenser in the opposite direc-
tion and charges its plates with opposite polarity.

In this manner a condenser receives its heaviest
or maximum current just as the applied voltage re-
verses and starts to build up in a new alternation,
and then the condenser discharges its current ahead
of the next voltage reversal, causing the current in
such a circuit to lead the voltage.

Current does not actually flow through a con-
denser as long as its insulation is not punctured by
too hig&]\ Eygltgge, but the rapid flow of alternating
current in and out of a condenser as it charges and
discharges, provides a flow of current that can be
measured by an ammeter or used to operate devices,
just as though it actually flowed clear through the
circuit.

The amount of the charging current is propor-
tional to the size or capacity of the condenser, and
is also proportional to the amount and frequency of
the applied voltage.

When a condenser is connected in a high fre-
quency circuit it will allow a much greater flow of
current than when in a low frequency circuit.

Condensers in a D. C. circuit do not allow any
current flow except during the first instant that the
voltage is applied, and while the condenser is tak-
ing its charge. If a condenser which has been
charged in this manner is short-circuited, it will dis-
charge its energy in one violent rush of current.

23. CAPACITY REACTANCE

Capacity of an A. C. circuit causes capacity re-
actance, or condensive reactance, as it is often
called. This condensive reactance tends to oppose
the flow of current similarly to resistance and in-
ductive reactance.

Capacity reactance tends to oppose any change in
the voltage of a circuit, and causes the voltage to
lag behind the current, as previously explained.

We learned that inductive reactance causes the
current to lag behind the voltage; so we find that
in this respect capacity reactance is opposite to in-
ductive reactance.

Lagging voltage can also be expressed as “lead-
ing current”, as both terms express the same condi-
tion in the circuit. In describing the phase relations

s
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of the voltage and current, we usually say “lagging
current” or “leading current”; and seldom refer to
lagging voltage.

When the capacity of any circuit is known in
farads, the capacity reactance in ohms can be de-
termined by the following formula:

_ 1
Xe = axixC

In which:
Xc = capacity reactance in ohms
f = frequency in cycles per sec.
C = capacity in farads
2n = 6.2832
This formula is very important, as we want to be
able to convert the apparent resistance effect of
capacity into ohms capacity reactance, in order to
apply Ohms law to any A. C. circuit problems.

LINE )
o
CONDENSER
N
LINE —J

Fig. 21. A condenser connected in parallel with a motor will cause
lagging voltage or leading current, and will neutralize effects of
induction produced by the motor.

Capacity effect or condensers are usually shown
in circuit diagrams by a symbol such as is used in
Fig. 21. This symbol represents the plates of a con-
denser, the two groups of which are connected to
the two wires of the circuit. In an actual condenser
the insulation between the plates may be any con-
venient form of dielectric, such as fibre, glass, rub-
ber, paper, or oil. In the case of A. C. circuits and
lines, this insulation which forms the dielectric for
the condenser effect may be the insulation on the
wires or, as in the case of transmission lines, merely
the air between the wires.

As capacity reactance is opposite in effect to in-
ductive reactance, special condensers are often con-
nected in A. C. circuits in industrial plants, to
neutralize the effects of inductance and lagging cur-
rent. The advantages of this will be explained later.

In Fig. 21 the condenser is connected in parallel
with a motor. When the voltage of any alternation
starts to build up on this circuit, the condenser takes
a charge and its voltage opposes the building up of
the applied energy voltage, thus causing it to lag.

When the energy voltage reaches maximum, the
condenser will be fully charged and, as the energy
voltage starts to decrease, the condenser voltage
will then be applied to the circuit and will tend to
oppose the dying down of the energy voltage, or
will maintain it longer. This retards the dying down
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of the energy voltage and causes it to reach its zero
value an instant later. After the energy voltage
reaches zero the condenser will still be discharging
or applying a little voltage to the circuit.

Thus we have another illustration of the manner
in which a condenser causes the lagging voltage, or
leading current as it is more frequently expressed.

The effects of capacity are very useful and valu-
able in many circuits.

Static condensers are often used on highly-induc-
tive power circuits to improve the power factor by
neutralizing the effect of excessive inductance.

Condensers are also used extensively in radio and
telephone work to pass currents of certain frequen-
cies and stop those of lower frequency or D. C. in
various circuits.

24. SUMMARY OF INDUCTANCE AND
CAPACITY 2

Some of the most important points to remember
about inductance and are summed up briefly in the
following :

Inductive equipment in A. C. circuits consists of
:oils, windings of transformers, motors, generators,
choke coils of lightning arresters, current-limiting
reactors, etc.

Capacity effects in A. C. circuits are produced by
static condensers, over-excited synchronous motors,
long transmission lines or underground cables, etc.

Inductance opposes current changes
(a){Capacity opposes voltage
changes.
Inductance causes lagging current
(b){Capacity causes leading
current
The effect of inductance is opposite to that
(c)y of capacity, or their effects are 180° apart
{ and tend to neutralize each other
(Excessive inductance is detrimental to the
(d) power-carrying capacity of a circuit
Excessive capacity is detrimental to the
[ power-carrying capacity of a circuit
(Inductance may be used to neutralize the
(e) effect of excessive capacity- )
Capacity may be used to neutralize the ef-
fect of excessive inductance
'Ind}xcta}nce causes low .power-factor, “lag-
(£){ - BnE ’ _
apacity causes low power-factor, “lead-
[ ing” .
( {Lagging power-factor may bs compensated
g)

for by static condensers or over-excited
synchronous motors.

25. SERIES A. C. CIRCUITS
There are four classes of series circuits commonly
encountered in alternating current work. These are
as follows:
(a) Circuits with resistance only
(b) Circuits with resistance and inductive re-
actance
(c) Circuits with resistance and capacity reec-
fance

(d) Circuits with resistance, inductive reactance,
and capacity reactance.

Incandescent lighting circuits and those supply-
ing similar non-inductive equipment are considered
to have resistance only. Actually these circuits have
a slight amount of inductance and capacity, but it is
so small that it is negligible.

Circuits of this type can be treated similarly to
D. C. circuits, because the resistance is the only
opposing force to the current and therefore the re-
sistance equals the total impedance. To determine
the current flow in such circuits it is only necessary
to divide the applied voltage by the resistance or
impedance in ohms.

The most common types of circuits encountered
in alternating current power work are those which
have resistance and inductive reactance. The
method of determining the impedance and currents
of such circuits will be covered in the following
paragraphs.

26. CALCULATION OF IMPEDANCE IN
SERIES A. C. CIRCUITS

Fig. 22-A shows a resistance and an inductance
connected in series. The resistance of 8 ohms is
represented by the usual symbol, with which you
are already familiar, and the inductive reactance of
6 ohms is represented by the coil symbol which is
commonly used for showing inductance in circuits.

At first thought, it might seem that we can merely
add the ohms resistance and ohms inductive react-
ance to get the total impedance in the circuit; be-
cause this was a method used in D. C. circuits with
two or more resistances in series. This method can-
not be used with resistance and inductive reactance,
however, because their effects on the current are
out of phase with each other.

If this circuit had only resistance, the current
which would flow when alternating voltage is ap-

-~ ~— 90° ANSLE.

2 )

a Ed= IRendo L

Ed = 1X,en 30E
fe.
d

Fig. 22. “A". A resistance coil connected in series with an ind tan
coil in sn A. C. circuit. “B”. This sketh .L-. the nu‘ﬁﬂ :?
determining the amount of impedanse of the eircuit shown st “A”,



A. C., Section One. Impedance of Series A. C. Circuits. 465

plied would be in phase with the voltage. If the
circuit had only inductance, the current which
would then flow would be 90° out of phase with the
voltage, or lagging 90° behind it.

27. GRAPHIC SOLUTION FOR RESISTANCE
AND INDUCTIVE REACTANCE IN
SERIES . -

As the inductive reactance and resistance both
tend to affect the flow of current and its phase
position with respect to the voltage, we can deter-
mine these effects by the use of a diagram such as
shown in Fig. 22-B. A current of 5 amperes is
assumed to be flowing through circuit “A”. In Fig.
“B” we have a horizontal line used to represent
the voltage drop Ed cross the 8 ohms resistance
which is in phase with “I” and a vertical line at an
angle of 90° with the horizontal line, to represent
the voltage drop Ed across the 6 ohms inductive
reactance.

These two lines can be drawn to scale, so that
the length of each will represent the proper value
in ohms. In diagrams of this type the lines are
all considered to be revolving, like the spokes of a
wheel, in a counter-clockwise direction around the
point where they join at “a”.

:Keep 'this fact well in mind whenever examining
or working with such diagrams.

If these lines are revolving counter-clockwise,
then-the sharter line representing the voltage drop
across the inductive reactance Xt will be 90° ahead
of the long line, which represents the Ed across
l(Rl,.

As the current which flows through the resistance
“R” would be in phase with the voltage drop
across “R”, the horizontal line can also be allowed
to represent the current in phase with the voltage
drop across “R".

[ If we now draw dotted lines as shown to complete

the rectangle we will have what is known as a

parallelogram of forces, and the length of the

diagonal line “IZ” will indicate the total voltage
drop across the circuit and its position with respect
to the line “IR”, will indicate the angle of phase
difference between the current and the applied volt-
ge.

! If the lines representing the voltage drop across

‘the resistance and inductive reactance are carefully

drawn to scale (in this case %" per volt) and at

the proper angle, then by measuring the length of
the line “IZ” we will get the total applied voltage.

The line “IZ” will also represent the total im-

pedance with the scale drawn to allow 4° per ohm.

This graphic method provides an exceedingly
simple way of solving such problems. It would
not, of course, be very accurate on large values or
figures, because it would be difficult to make the
lines long enough or to measure them with suffi-
cient accuracy. This diagram will, however, show
the manner in which the amount of current lag in
degrees is determined by the proportion of resist-
ance and inductive reactance in the circuit.

By examining the diagram in Fig. 22-B, or by
drawing another like it with a longer line to repre-
sent a greater amount of inductive reactance, you
can readily see that this would swing the diagonal
line “IZ” farther upward, or would cause a greater
angle of phase difference between the current and
voltage.

On the other hand, if we were to increase the
amount of resistance and lengthen the horizontal
line, this would swing the diagonal line down and
nearer to the resistance line, and bring the result-
ing current nearer in phase with the voltage.

28. FORMULA FOR IMPEDANCE OF
RESISTANCE AND INDUCTIVE
REACTANCE IN SERIES

The impedance of such a circuit, with resistance
and inductive reactance in series, can be calculated
accurately by the following formula:

Z = VRO + X0

We can obtain the impedance in ohms by squar-
ing the resistance and inductive reactance in ohms,
adding these squares together, and then extracting
the square root of the sum, as shown by this
formula.

In the case of the circuit shown in Fig. 22, where
we have 8 ohms resistance and 6 ohms inductive
reactance, our problem would be:

Z = /8 + 63, ot
Z = /64 + 36, or
Z = /100, or 10 ohms impedance

This illustrates the various steps in solving such
a problem with the exception of the details of find-
ing the square root. If you require it you can
obtain assistance on this process from your in-
structor.

It will be a very good plan to practice a few
square root problems until you can handle these
problems easily, because there are numerous oppor-
tunities in alternating current electric problems to
use square root to excellent advantage.

On the great majority of ordinary electrical jobs
it will not be necessary to use such problems; but,
if you desire to work up to higher positions, you
will want to be able to work out the problems
pertaining to the various circuits and machines you
may be operating.

29. RESISTANCE AND CAPACITY IN
SERIES

Fig. 23-A shows a circuit in which a resistance
and capacity are connected in series. The resist-
ance of 4 ohms is represented by the usual symbol
and the capacity reactance of 3 ohms is represented
by the symbol for a condenser.

For the graphic solution of this problem we will
again draw a horizontal line of proper length to
represent the 4 ohms resistance, and a vertical line
to represent the 3 ohms capacity reactance. This
time, however, we will draw the vertical line 90°
behind of the horizontal line which represents the
resistance. The lines drawn in this position be-
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cause we know that capacity reactance tends to
make the current lead the voltage.

If the circuit were all capacity and no resistance,
this lead would be 90°; but, as there are both re-
sistance and capacity, we make the lines of proper
length and space them 90° from each other, to de-
termine what the angle of lead of the circuit will be.
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Fig. 23. “A”™. This circuit has a resistance connected in series with a
condenser. ‘“B”. The vector diagram shows the method of determin-
ing the impedance and angle of lead between the current and voltage
for a circuit such as shown at “A”,

By again completing the parallelogram with dot-
ted lines and drawing the diagonal line through it
cornerwise, this line “Z” will represent the total
impedance and will also show the phase position
or angle of lead of the current. The lines in this
figure are drawn to scale, using Y-inch per ohm,
and you will find by measuring the line “Z” that
it shows the total impedance to be 5 ohms.

This, of course, is not the sum of the two values
4 and 3, which would be obtained if they were
added by arithmetic, but it is the correct vectorial
sum of the two values when they are out of phase
90° as shown,

The impedance of the circuit shown in Fig. 23
can be calculated by the use of a formula very
similar to that used for the circuit in Fig. 22. The
formula is as follows:

Z = +/R? + X¢3, or, in this case

Z =434 33 or

Z =+16+09, or

Z = \/2—5_, which gives 5 ohms impedance

30. RESISTANCE, CAPACITY, AND
INDUCTANCE IN SERIES

Fig. 24-A shows a circuit in which we have re-
sistance, inductance, and capacity all in series.

In Fig. 24-B, all three of these values are repre-
sented by the solid lines, R, Xc, and XL. In this
case we have again drawn a horizontal line to
represent the resistance. The line Xt, representing
inductive reactance, is drawn 90° ahead of the re-
sistance line; and the line Xc, representing capacity
reactance is drawn 90° behind the resistance line.

We know that inductive reactance and capacity

reactance have opposite effects in the circuit and
will therefore tend to neutralize each other. As
the inductive reactance is the greater in this case,
our first step will be to subtract the 10 ohms
capacity reactance from the 22 ohms of inductive
reactance.

This neutralizes or eliminates the 10 ohms capac-
ity reactance and 10 ohms of the inductive react-
ance. The remaining 12 ohms of inductive react-
ance which are not neutralized by the capacity ef-
fect, and the resistance, will be the factors which
determine the total impedance and the phase angle
of the current.

Once more drawing our parallelogram with the
remaining factors or values, we find that the current
still lags behind the applied voltage and that the
total impedance is 20 ohms. The scale to which
the lines are drawn in this case is 3¢ of an inch
per ohm.

The total impedance of a circuit such as shown
in Fig. 24-A can be more accurately calculated by
means of the formula:

Z = /R4 (XL — Xc)?
In this case X1 — Xc is 22 — 10, or 12.
Then, 122 = 144.

The next step indicated by the formula is to
square the resistance. This will be 16 X 16, or 256.

Then, 256 + 144 = 400.
"And the final solution of the problem will be:

Z = /400, or 20 ohms.
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Fig. 24. ‘A", Resistance, inductance, and capacity d in series
in an A, C. circuit. “B". Note how the capacity reactance is sub-
tracted from the inductive reactance, as the two neutralize each other
in the circuit.

31. PARALLEL A. C. CIRCUITS

Parallel alternating current circuits are of the
same four general types as series circuits. That
is, they may contain resistance only, resistance and
inductance in parallel, resistance and capacity in
parallel, or resistance, inductance, and capacity in
parallel.
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To determine the impedance of parallel A. C.
circuits we must use the reciprocal method, some-
what similar to that which was explained for paral-
lel resistances in D. C. circuits.

You will recall that with D. C. circuits when the
resistances were in series we added the resistance
in ohms of all the circuits to obtain the total re-
sistance. But when resistances were in parallel we
first added the conductances or reciprocals of the
resistance to obtain the total conductance, and then
inverted this or obtained its reciprocal, which is
the total resistance.

This is the same general method used in deter-
mining the total impedance of parallel A. C. cir-
cuits.

The opposite of impedance in A. C. circuits is
the admittance. Admittance in this case means the
same as conductance in D. C. circuits. Admittance
is, therefore, always the reciprocal of the impedance
and is expressed in mhos, the same as conductance
for D. C. circuits.

R :%3 Ohm

0000

Lme

Fig. 25, Resistance and inductance in parallel, The impedance for tlus
circuit can be determined by the formulas given on this page.

32. RESISTANCE AND INDUCTANCE IN
PARALLEL

Fig. 25 shows a resistance of 2§ ohm connected
in parallel with an inductive reactance of 14 ohm.
The total impedance of this circuit can be deter-
mined by the following formula:

o

According to this formula we must first obtain
the separate reciprocals of the resistance and induc-
tance by dividing the number 1 by each of these
values in ohms. These reciprocals are then squared
and added together and the square root of their
sum next obtained. The final step is to obtain
the reciprocal of this square root by dividing the
number 1 by it, as shown by the formula.

Using with the formula the values given in Fig.
25, the problem becomes:

NoEol

Z =

. 2 .
Here we have substituted the —sohm resistance

for the “R” shown in the formula, and the % ohm

inductive reactance for the XL shown in the for-
mula.

We next divide the number one by each of these
values, to obtain their reciprocals, and our problem
then becomes:

Z = 1

3\2
A 2
V@) +e
Then by squaring these reciprocals as indicated
by the formula, the problem becomes:

\/z“

Before we can add —Z— and 4, they must both be

converted to like fractions, or:

\/9 or\/zs

Then obtaining the square root of i—s, our problem
1

5 »

is reduced to

We then divide 1 by -;— to get the reciprocal,

which equals —52- ohms, total impedance.

18. RESISTANCE AND CAPACITY IN
PARALLEL

Fig. 26 shows a circuit with a resistance of -i—

. 1
ohm and a capacity reactance of —3-—ohm, connected

in parallel. The total impedance of this circuit can
be determined by a formula similar to the one just
used, or as follows:

ey

Substituting the values given for the circuit, the
problem becomes:

1
SNORO]
D +G)
When we divide the figure 1, in each case, by

the resistance and reactance to get their reciprocals,
we then have:

1

1
- e 0r,
L=V e+ Vie+
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R:Y2 Ohm

XC:Y3 Ohm

Lime 5 STy At

Fig. 26. Resistance and capacity in parallel in an A. C. circuit. Practice
using the formulas given on these pages for determining the im
pedance of such circuits.

As 16 + 9 = 25, the problem now remains:
1
Z= _—_

V2§
The square root of 25 = 5, so this reduces the
problem to:

Z = §, or § ohm impedance

19. RESISTANCE, INDUCTANCE, and
’ CAPACITY IN PARALLEL

Fig. 27 shows a circuit with inductance, resist-
ance, and capacity in parallel.

The total impedance of this circuit can be found
by the formula:

1
Z =

V) + (% - 5)

Note the similarity between this formula and the
one which was used for impedance of series circuits
having inductance, resistance, and capacity. The
principal difference is merely that with parallel
circuits we use the reciprocals of the values, instead
of the values in ohms themselves.

You will also note that with parallel circuit prob-
lems we subtract the reciprocal of the inductive
reactance from the reciprocal of the capacity reac-
tance, as one of these effects tends to neutralize
the other, as they did in series circuits.

In the circuit shown in Fig. 27 the inductive
reactance in ohms is larger than the capacity reac-
tance, but when the reciprocals of these values are
obtained their relative sizes will be reversed, as
shown by their subtraction in the formula.

In a circuit where the capacity reactance might
be the greatest, we would reverse the order of
subtraction, in order to subtract whichever recip-
rocal is smallest from the one that is largest.

Substituting the values from the circuit in Fig.
27, for the symbols given in the formula, the prob-
lem of determining the total impedance becomes:

1 ——

R =

Our first step will be to convert the whole num-
bers and fractions, to fractions, as follows;
3
and 13 =5

1

6+ G -3

“Then by dividing 1 by each of the fractiéné"ts
obtain their reciprocals we have:

I
13—3|

Then Z =

1
Z=

3\ (5 _ 2}

i) T\3 73
N . 2 5 >
Next subtracting 3 from 3 3s shown in the

lutter part of the formula, we have:
1 1

3 :
Then TS(||IZ[I'C(‘ equals —9—, and 1 squared equals

16
1

1,5,Z = ————orZ = —__1

2 +1 _2_5

\/ 16 ’ 16
— 2508 5

Obtaining the square root of 16 8ives 4
So,Z = %, or ,,i ohm impedance

Once more let us remind you that on your first
electrical jobs you may not have much use for
problems or formulas such as the foregoing. But
as you may wish to be able to calculate the impe-
dance of A. C. circuits at some future date, these
problems have been worked out step by step in
these pages to provide a guide or reference for
you, in case you need them in the future.

Working them out carefully and also applying
these formulas to other similar circuit problems
will be very good practice, and will also help you
to more clearly understand certain points about
impedance, admittance, and reactance in A. C. .
circuits,

XL =1k Ohms

R = 1%; Ohms

NVVVAN
\ Xc=Ys Ohms
. =

Fig. 27. Tbis sketch shows inductance, resistance, and capacity con-
nected in parallel. The method of determining the impedance of such
a circuit is thoroughly explained on this page.
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35. CURRENT IN PARALLEL CIRCUITS

The total line current or resultant current as it
is called, and also the amount of lag or lead of
the current in parallel A. C. circuits, can be worked
out by the use of vector diagrams such as those
shown in Figs. 22, 23 and 24 for series circuits.

When using vector diagrams for parallel circuits,
the lines can be allowed to represent the currents
through the resistance, inductance, and capacity
branches of the circuit.

The current through the separate branches of the
circuit, or the devices which contain the resistance,
inductance, and capacity, can be determined by the
use of an A. C. ammeter, or by the use of Ohms
law formulas for each branch, as follows:
=%nl =%yl ='5(Eic,etc.

For example, in Fig. 28 is shown a circuit with
resistance, inductance, and capacity in parallel. We
can assume that these are a heater resistance, a
transformer winding, and a condenser all operated
from the same 40-volt line. Separate tests made
with an ammeter in the circuit of each device show
8 amperes flowing through the resistance or heater,
4 amperes through the inductance or transformer
coil, and 2 amperes in the condenser circuit.

I

41, 21, |4

Fig. 28. Note the amount of current in each of the branches of the
above circuit and compare this sketch with Fig. 29, while determining
the total current in the circuit.

By use of Ohms law formulas, we can determine

the resistance and reactance in ohms of each of

these devices as follows:
40

E
R =yor R —§,or50hms
XL =-I£:-orXL = 4—40, or 10 ohms

Xe = %or Xc = 429, or 20 ohms

We can represent the currents of this circuit by
the vector diagram shown in Fig. 29,

The solid horizontal line represents the current
through the resistance; and as this current will be
in phase with the line voltage, this same line can
represent the phase position of the voltage.

The vertical line, which is 90° behind the hori-
zontal current and voltage line, represents the cur-
rent through the inductance.
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Fig. 29. This diagram illustrates the method of determining the current
in parallel A. C. circuits which have all three factors; resistance,
inductance, and capacity.

The shortest vertical line, which is 90° ahead of
the horizontal line, represents the current through
the condenser.

Now if we subtract the leading current from the
lagging current, and draw dotted lines to form the
parallelogram with the remaining lagging current
and the current which is in phase with the voltage,

the diagonal line, I =%, through this parallelo-

gram will represent the total line current.

It may seem peculiar that the total line current
or vectorial sum of the three currents is only-slight-
ly more than the current through the resistance.
This is due to the fact that the leading and lagging
currents, which are balanced, tend to neutralize
each other, or actually circulate between the con-
denser and inductance in Fig. 28, and do not flow
on the line wires from the generator. This inter-
esting fact will be farther discussed later in a sec-
tion on power factor.

36. POWER FACTOR

We have learned so far in our study of alter-
nating current and A. C. circuits, that inductive -
reactance and capacity reactance often cause the
current in these circuits to be out of phase with
the voltage.

We have also found that this reduces the amount
of effective or true power in watts and causes a
certain amount of wattless energy. This was illus-
trated by the voltage, current, and power curves
shown in Fig. 13.

In a D. C. circuit the power in watts can always
be obtained by multiplying the volts by the am-
peres. It can also be obtained with a wattmeter.
When the current and voltage of an A. C. circuit
are in phase with each other the power can be
determined by the same method as used for D. C.
circuits. That is, by obtaining the product of the
volts and amperes.
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37. TRUE POWER AND APPARENT POWER

When the voltage and current of an A. C. circuit
are out of phase their product will not give the
true power in the circuit, but instead gives us what
we call apparent power. The apparent power of
A. C. circuits is commonly expressed in kilovolt
amperes, abbreviated kv-a.

Alternators, transformers, and certain other A. C.
machines are commonly rated in kv-a. When an
A. C. wattmeter is connected in a circuit which has
lagging or leading current it will read the true
power and not the apparent power. This is due
to the fact that the coils which operate the pointer
in the meter depend upon true or effective power
for their torque which moves the pointer against
the action of the spring.

It is very important to remember that you can
always obtain the true power of an A. C. circuit
by means of a wattmeter. The product of volt-
meter arid ammeter readings in the circuit will give
the apparent power, and this figure will usually be
more than the true power, because the current in
most A. C. circuits lags somewhat behind the volt-
age.

Keep in mind that true power is expressed in
watts and kilowatts and apparent power in volt-
amperes or kilovolt-amperes.

38. POWER FACTOR DEFINITION AND
FORMULA
The ratio between the true power and apparent
power in any circuit is known as the power factor
of that circuit. This power factor is expressed in
percentage and can always be found by dividing

the true power by the apparent power, or this can

be expressed as a