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FOREWORD

This hook is one of several written by the Tech-
nical Staff of Coyne Electrical School on specific
electrical subjects under the heading of Applied
Practical Electricity. The subjects covered in this
book are Electrical Construction, Lighting, Farm
Wiring and Household Appliances.

The object of the writers is to present facts and
information in a straightforward easy to under-
stand way for self study or for practical reference
on the job.

The hook starts with Llectrical Construction,
outlining its scope and the opportunity in this
branch of electricity. It covers latest code rulings,
splicing, 3 wire systems polarization and trouble
shooting. From these practical phases of Electrical
Construction this hook then covers the great field
of Illumination. This broad subject is covered from
all angles including Fluorescent lighting, mercury
and sodium lamps, neon lighting with special em-
phasis on installation and trouble shooting. Home
lighting, aviation and airport lighting are given
special attention. At this point in the hook a com-
plete chapter is devoted to [Farm Wiring and elec-
trical equipment for the farm and rural communi-
ties. This is one of the most practical chapters of
the hook and actual time and labor saving electrical
devices are explained in detail. Although this chap-
ter is especially valuable for farming communities,
most of the information can likewise be used for
city dwellings and home wiring problems.

The last chapter in our book is devoted to Motor
Driven Household Appliances. Vacuum cleaners,
irons, washing machines, oil and gas burners and
stokers as well as other household appliances are
covered in detail. The emphasis in this chapter is
on repair of these appliances. New and improved
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methods of testing_are thoroughly explained and
illustrated. '

In every paragraph of the material in this hook
vou will note we have striven for simplicity of ex-
planation. The sections have been arranged so the
development of different ideas is consecutive and
logical. The idea at all times has been to “dove tail”
the explanations so that one chapter leads into
another in perfect sequence.

This book can be used as either a home study
book for a heginner who is interested in these fields
or as a reference book for the experienced elec-
trician who is interested in the newer and more
efficient methods of electrical construction, wiring

and appliance repair.
C\Q/MM
President

COYNE ELECTRICAL SCHOOL
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ELECTRICAL CONSTRUCTION

Electrical construction and wiring offers a tre-
mendous field of opportunity for practically trained
men, both in interesting jobs at good salaries with
various companies and employers, and also to enter
a business of their own. . )

Naturally, every piece of electrical equipment
manufactured and sold each year, must have wir-
g and circuits to carry the current to it, when it is
installed. This includes the billions of dollars worth
of electrical machinery and apparatus made each
year, and also the millions of electric lights and
lighting fixtures.

In thousands of old buildings and existing plants,
new wires and extensions to the circuits must be
run each time additional equipment is installed;
and in the new buildings ecrected, complete new
wiring systems must be installed.

Today almost every new home erected in any
city or small town, is wired for electric lights and
appliances when it is built. Thousands of old houses
are being wired and thousands of others rewired
or having improvements and additions made to
their wiring, to provide better lighting and more
complete use of electrical convenience devices.

Plans are being made to rapidly electrify the last
few small towns, which have not yet had electricity,
and even the farms are now rapidly electrifying.
Nearly one million farms already have their build-
ings wired, and electric supply from their local
power companies’ lines, or their own private light
plants.

1. GOOD KNOWLEDGE OF WIRING
NEEDED IN MAINTENANCE WORK

Factories and industrial plants throughout this
country are over three-fourths electrified at present,
and thousands of them employ from one to a dozen
or more electrical wiremen, just to take care of
their electrical construction and continual expan-
-sion,

The few old plants which have been Jperated by
steam or other power, are rapidly changing over
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Electrical Construction .

to electric power and machines, and modern electric
lighting.

Pactically every new factory or industrial plant
built nowadays, is completely wired and electrified.

These plants keep thousands of trained electrical
men constantly employed in interesting and good
paying work, maintaining and repairing their elec-
trical machines, lights, and wiring circuits; and in-
stalling the new motors, lights and wiring as it is
required.

The field of Electrical Maintenance work re-
quires men who know the principles and methods
of modern wiring thoroughly, so every electrical
man should obtain a thorough knowledge of the
material covered in this section, whether he intends
to specialize in wiring and electrical construction
or not.

The electrical maintenance man in any plant will
usually have a great variety of interesting work to
do, and an .opportunity to use-every bit of general
knowledge he can obtain.

2, VALUE OF GENERAL KNOWLEDGE OF
WIRING

The electrician in the small town will also usually
be called upon to wire door bells, lights, and power
motors; and to shoot trouble and make repairs on
everything from a burned out fuse or dead dry cell,
to shorts in wiring or faults in power machinery.
And even the man who specializes in one line of
electrical work, can always use a good general
knowledge of electricity, and particularly of meth-
ods of wiring.

3. IMPORTANT POINTS IN WIRING

The important things to be considered in any
electrical wiring job are: First, the selection of
wires of the proper size to carry the amount of cur-
rent required by the equipment, and with the proper
insulation according to the voltage of these wires;
Second, proper mechanical support and protection
for the runs of wire; Third, secure and permanent
splices and connections; Fourth, protection and pre-
cautions to eliminate all danger of fire or shock.

2




Electrical Construction
Each of these features will be covered thoroughly
in the following sections. When installing any wir-
ing system these points should be constantly kept
in mind, and all work done accordingly.

In former years a lot of electrical wiring was in-
stalled rather carelessly, mainly with the idea of
supplying current to the devices requiring it, but
without proper consideration for permanence, and

safety from fire and shock hazard. As a result many
fires originated from defective wiring, causing short
circuits, sparks, and flashes, or just overheated
wires. In other cases, people received electric
shocks or injuries by coming in contact with wires
that were not properly insulated. -

4. INSPECTION—AN ADVANTAGE TO THE
TRAINED MAN

Nowadays there is a general tendency in all elec-
trical construction to follow certain very high
standards in the selection of materials, quality of
workmanship, and precautions for safety. A great
deal of the old wiring is being entirely replaced, and
new wiring in most towns and localities must be
done according to very strict inspection require-
ments. This is not at all a handicap, but rather it
is a decided advantage for the trained electrical
man who knows how to do this work as it should
be done, and according to these rules. It makes his
services much to be preferred to those of the man
who does not know modern methods, or will not
recognize the value and importance of safety-first
rules in electrical wiring.

5. NATIONAL ELECTRIC CODE

To standardize and simplify these rules and pro-
vide some reliable guide for electrical construction
men the National Electric Code has been provided.
This Code was originally prepared in 1897, and is
kept frequently revised to meet changing condi-
tions, and improved equipment and materials. It is
a result of the best efforts of electrical engineers,
manufacturers of electrical equipment, insurance ex-
perts, and architects.

This Code book is now published by the National

3




Electric Codes

Board of Fire Underwriters, and contains simple
specific rules and instructions which, if followed, all
tend to make electrical wiring and construction safe
and reliable. Every electrician should have an up-

to-date copy of the National Code at all times, and
should familiarize himself with the more important
rules pertaining to his work, and if he does he will
find them of great help in making certain decisions
on the job, and performing his work in a manner
that will always be a credit to himself and his pro-
fession.
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Chicago’s theatrical row at night. Looking west. of State and Ran-
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Electric Codes

6. STATE AND LOCAL CODE RULES

Most states now require that all electrical work
be done in accordance with the National Code, and
even in the few states where this may not be re-
quired throughout, most of the towns and cities do
require that all wiring within their limits follow
the Code.

Throughout the following pages we shall quote
occasionally some rules of the National Code.

The Underwriter’s laboratory also tests various
electrical materials and supplies, such as wire,
switches, fuses, insulations, etc. If these are deemed
safe and reliable, and meet the laboratory standards
for quality, they carry the underwriters stamp of
approval.

This is a good indication for the conscientious
electrical man to follow in selecting the best of
materials.

Some states have prepared special codes and rules
of their own, usually applying to wiring in schools, *
auditotiums, theatres, and other public buildings,
and also to transmission lines, and outdoor con-
struction where the public is involved. These rules,
however, are similar to those of the National Code.

A number of tewns and cities have their own
local code or rules, which in general may be based
upon or similar to the National Code, but will have
a few specific rules on certain classes of work, which
are more rigid than the National Code.

In addition to the National Code and local codes
of certain cities, the power companies to whose
lines the wiring system may be connected may have

some special rules regarding service wires, meter
connections, size and type of devices, and class of
equipment connected to their system. So, in start-
ing to do wiring in any town, it is well to familiarize
yourself with these local rules if there are any.

In addition to these important rules, if you will
also follow the instructions given in the following
pages, and apply your knowledge of general prin-
ciples of electricity, along with good common sense
and careful workmanship you should be able to do
practically any kind of electrical wiring quite suc-
cessfully.




Electric Codes

Certain things in electrical wiring are done ac-
cording to what might be termed “standard prac-
tice.”, That is, while there are no set rules for them,
experienced electrical men have found that certain
ways or methods are generally best, and these have
been more or less generally adopted by men on the
job.

For example, when installing single pole push
button switches, the white button is always placed
at the top. Following general rules of this kind
simplifies the work a great deal and avoids con-
fusion, both in the wiring, and to the owners of the
buildings in which it is installed.

Every electrician should always be on the alert
to notice and remember these little details or
“wrinkles” of the trade. A number of them will he
mentioned in this section.

The Bagnell Dam in Missouri. Big power projects like tl‘le.se provide
the power for thousands of miles of electrical wiring.

7. CLASSES OF WIRING SYSTEMS

Wiring systems can be separated into the follow-
ing classes:

D. C. or A. C. systems, and, two wire or three wire

6 -




Wiring Systems

systems.

Whether direct or alternating current is to be
used depends entirely on which is available from
the power companies’ lines; or, in the case of a
private plant, which type of plant is used.

Direct current is generally used only where it is
not to bhe transmitted over distances greater than
one-half mile. It has certain advantages for the
operation of special types of variable speed motors,
and motors requiring extra heavy starting power
for frequent starting and stopping; also where stor-
age batteries are to be charged from the lines, or
where arc lamps, and other special D. C. equip-
ment are in use.

Alterriating current is equally as good for light-
ing with incandescent lamps and much more desir-
able and economical where the energy has to be
transmitted considerable distances. In such cases,
it can be transmitted at high voltage for line
economy, and then the voltage reduced at the
customer’s premises by use of step-down trans-
formers.

For power purposes, recently developed alter-
nating current motors will also meet almost every
condition that direct current motors formerly were
needed for. By far the greater number of wiring
jobs which you will encounter will probably be on
alternating current systems.

The materials and methods used are just about
the same for either D. C. or A. C. systems, except
for a few precautions on A. C. circuits which will
be covered later.

The simple two wire system is in common use
for wiring small homes and buildings where only
one voltage and small amounts of power are re-
quired. The circuits and connections for such a
system are extremely simple, and consist merely of
running the two wires to each lamp or device to be
used, and of course with the proper fuses and
switches. Fig. 1 shows the important parts of a two
wire lighting system.

This system consists of the Service Wires which
lead to the power supply, Service Switch and Fuses,

7
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Wiring Systems . ‘

Meter, Main Wires or Feeders, and Branch Circuits.
Each branch circuit has its own switch and fuses.
The separate light switches are not shown in this
diagram. All of the circuits marked “B” are branch
circuits, while “A” and “Al” are the main wires
which feed the branch circuits. The Watthour
meter is connected in the mains, near the service

u
<
E SERVICE SWITCH
8
—
e el | i mm
pr—)
/ @ ] \Fuses
ETER,
Fuses
L A 8
MAINS i 1] 000
Al -
J Nruses
FusES h
B
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Fig. 1. This sketch shows a simple two-wire system with the service
wires, mains and branch circuits.

switch, to measure all the energy used in the entire
system. N

The Edison Three Wire System can be applied to
either A. C. or D. C. installations. It provides two
different voltages, one for lights and one for motors,
and also effects a considerable saving in wire size,
where used for lighting and power. This system
will he explained in detail later.

8. WIRING MATERIALS—CONDUCTORS

Before going farther into the methods of wiring
it will be well to consider some of the materials
used.

Conductors used in wiring for light and power
must be somewhat different from those used for
low voltage signal wiririg, as they usually carry
much heavier currents and at higher voltages. They
are of course made of copper, as this we know is

8




Insulation
one of the best conductors of electric current, and
its softness and flexibility make it very desirable
for use in inside wiring.

The very low resistance of copper enables it to
carry the current with much less voltage drop
and heat loss. So copper wires and cables are used
.almost entirely for wiring for light and power.
Copper wires for interior wiring are. usually “an-
nealed” or softened by a heating process as this
makes the copper much more flexible and improve.
its conductivity.

We found that No. 18 or 16 B. & S. (Brown &
Sharpe) gauge wires were used for bell wiring, but
No. 14 is the smallest sized wire allowed in wiring
for light and power. Sizes 14, 12, 10 and 8 are used
in solid wires, but when used in conduit the larger
sizes are stranded to obtain greater flexibility.

9. INSULATION

Bare conductors can be used in a few places such
as on switchboards and distribution panels where
they can be rigidly supported and held apart on
proper insulators, or insulating panels. For general
wiring, however, the wires must be properly in-
sulated to prevent persons from coming in contact
with them, and also to prevent short circuits and
grounds which would not only interfere with opera-
tion of the attached equipment, but also cause fire
hazards.

Rubber and braid coverings are the most commmon
forms of insulation. The rubber being of extremely
high resistance to electricity provides excellent in-
sulation to confine the current to the wires and
prevent leakage to the other wires or metal objects.
The cotton braid covering is used over the rubber
to protect it from mechanical injury. This i3 called
ordinary rubber covered (R.C.) wire, sometimes
designated by the letter “R” only.

It is made with both single and double braid
coverings, and is very generally used in interior
wiring. Fig. 7 shows three forms of rubber and
braid insulation on solid wires, and Fig..2 shows
both a solid and a stranded wire with their in-
sulation.




Insulation ’

For outdoor use, we have wires with weather

- proof (W.P.) insulation, consisting of three or more

layers of braid, soaked or impregnated with mois-
ture resisting compound of a tarry nature.

Fig. 2. Examples of solid and stranded conductors with their insulation.
The stranded conductors are used in tha large sizes
because they are more flexible.

This kind of insulation is much cheaper than
rubber, and is required for outdoor use in many
cases, and in some damp locations inside buildings.
It should not be used where it is subject to heat or
fire, as it is inflammable.

Fig. 3 shows three pieces of wire with weather
proof insulation.

For places where the wire is subjected to heat
but not moisture, Slow Burning (S.B.) insulation
with fire resisting braids is used.

Some wires for use in very dry hot places, or for
heater cords, are covered with a layer of asbestos

fibres for maximum heat and fire resisting insula-
tion.

Conductors are also prepared with a combina-
tion of slow burning and weather proof insulation
(S. B. W.). Two such wires are shown in Fig. 4.

Insulated wires are often made up in twisted pairs
as shown in Fig. 5, for lamp cords and leads to
portable devices. Such wires are usually made of
many strands of very fine wires for good flexibility.

~ The copper wires are usually “tinned” or coated
with a thin layer of lead and tin alloy, to prevent
corrosion from contact with the chemicals in the

, 10




o Insulation

rubber, and to make it easier to solder them when
splicing.

Rig. 3. These wires have what is called ‘“water-proof” insulation, or
braid filled with tarry water-proof compounds They are for use
outdoors or in damp locations.

The .outer braid coverings on wires are some-
times made in different colors, particularly black
and white, or light gray; or with a colored thread
woven into them in order to easily mark or identify
certain wires. Reasons for this will be explained
later.

For extremely damp places or where wires are
to be run under ground we have wires and cables
with a lead sheath over the insulation.

10. WIRE SIZE VERY IMPORTANT
Copper wires can be obtained in almost any de-

11




Wire Sizes »

sired size and with a vanety of insulations for
various uses

Fig. 4. In this view the upper conductor has a special fire resisting
covering known as ‘slow burninE” insulation. The lower conductor
has a combination covering of both water-proof and slow burning
insulation.

It is very important to use wires of the proper
size for any wiring job, because if they are too small
for the current load they have to carry, they will
overheat. Excessive heat not only increases the
resistance of the wire and creates a greater voltage
drop and energy loss, but it also damages the in-
sulation and in some cases results in completely
burned out wiring or causes fires.

If wires that are too small are used, the excessive
voltage drop causes the lights or equipment to re-
ceive less than their rated voltage, which usually re-
sults in unsatisfactory eperation. This is particu-
larly true of lighting systems, as a very few volts
drop will cause an incandescent lamp to deliver
much less than its rated light.

The National Code specifies the maximum
amount of current that shall be allowed on the
common sized wires, and this should be followed
closely for safe and satisfactory results in any
wiring systeni. ’

Fig. 6 shows a convenient table which gives the
maximum current capacity of each size of rubber

12



Wire Sizes

insulated wire from No. 18 up to 2,000,000 C.M.

If wires are allowed to carry more than these
amounts of current for any length of time, they
will heat up and the rubber will rapidly lose its
insulating quality at these higher temperatures.

CRT L a A SR e

Fig. 5. Conductors are often arranged in pairs for convenience in
running two-wire circuits. Several types of these are shown abave.
For wires with other insulation such as slow

burning or weather proof coverings, you can allow

from 25 to 50 per cent more current, as these in-

sulations will stand slightly higher temperatures
without damage.

Examine the table in Fig. 6 very carefully, and
become familiar with its use, as it will be very con-

13



Wire Sizes

venient to you many times from now on,
The first column gives the wire sizes in B. & S.

8 snﬁﬁv of Are RT::‘I:):“ A
B. &8. oli ires % in ubber in-
Gage in Mils. Circular Mile. sulation

Amperes
18 40.3 1,624 3
16 50.8 ,583 6
14 64.1 4,107 15
12 80.8 6,530 20
10 101.9 10,380 25
8 128.5 16,510 35
6 162.0 26,250
5 181.9 100 55
4 204.3 41,740 70
3 229.4 52,630 80
2 257.6 66,370 90
1 289.3 83,600 100
0 325 105,500 125
00 364.8 133,100 150
000 409.6 167,800 175
200,000 200
0000 460 211,600 225
250,000 250
,000 275
350,000 300
400,000 325
,000
600,000 450
700,000
800,000 550
900,000 600
1,000,000 650
1,100,000 600
1,200,000 730
1,300,000 770 l
1,400,000 810
1,500,000 850
1,600,000 890
1,700,000 930
1,800,000 970
1,900,000 1,010
2,000,000 1,050

Fig. 6. This very convenient table gives the current carrying capacity
for the various sizes of wire, and also their diameter
and area in circular mils.

gauge numbers from 18 to 0000 or “four ought”
as it is called. From this size up the larger cables
have their sizes given in circular mil area and can
be followed on down the third column to 2,000,000
circular mils,

The second column gives the diameter of the
bare wires in mils (thousandths of an inch), and the
third column, as before stated, gives the cross sec-
tional area of each size in circular mils. Then in

14




Wire Sizes

the last column can be found the proper maximum
current allowed for any wire.

The term Circular Mil means the area of a round
wire one thousandth (1/1000) of an inch in dia-
meter. This is the common term far rating and
calculating sizes of electrical conductors, and will
be covered more fully in a later section on wire
calculations.

The longer a wire, the greater is its resistance,
and the Voltage Drop is proportional to both the
Resistance and the Current carried. Therefore,
where the wire runs are quite long, we may not

Fig. 7. Three samples of insulated conductors. The wire at the left

is covered with rubber only. The one in the center has a layer of
rubber and one of cotton braid. The one on the right has one layer

of rubber, and two layers of braid. These would be called respectively:
Rubber covered (R. C.), Rubber and braid covered, and Rubter
and double braid covered. .

wish to allow even the amount of current that the
code table does, because the voltage drop would
be too great.

In such cases we can determine the exact size of
wire to use for any given current load and any de-
sired voltage drop, by use of a simple iormula which
will also be given and explained in the section on
wire calculations.

Referring again to the table in- Fig. 6, you will
note that the larger the gauge number the smaller
the wire. This is a good point to keep in mind so

15
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Wire Sizes
you will not become confused on the sizes and
numbers. :

Fig. 8 shows a wire gauge often used to deter-
mine the exact size of a wire by slipping the bare
end of the wire in the slots until one is found that
it just fits snugly. The gauge number is marked
on the disk at that slot. Be sure to fit the wire to
the straight slot and not in the circle at the end of
the slot.

Fig. 8. A wire gauge of this type is commonly used to determine the
size of wires for various uses.

r It often comes in very handy to remember that
when you have a wire of any certain size, another
wire three sizes larger will have just about double
the area; or one three sizes 'smaller, about one-half
the area. For example, a number 3 wire is just about
double the area of a.number 6; or a number 2 wire

just half the area of a number 00.

Another very handy fact to remember is that a
number 10 wire has approximately one Ohm re- -~
sistance per thousand feet, and a number 14 wire
has about 2.5 Ohms per thousand feet.

11. SPLICING

In running wires for any electrical system, it is
necessary to make numerous splices of various
kinds, and a good knowledge of proper methods of
splicing and soldering is of the greatest importance

- for any electrician to have, whether he follows new

wiring or maintenance and repairs.

The old saying, “that a chain is no stronger than
its weakest link,” applies in slightly different words

16
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AN ) ! \
almost as well to-a wiring system or “the circuit
or system is no better than its splices.”
Splices properly made and soldered ' will last
almost as long as the wire or its insulation, but

Fig. 9. Two coils of ordinary rubber and braid covered No. 14 wire,
such as commonly Wsed in house wiring jobs. The advantage of
Pavmg the insulation in black and white colors will be explained
ater

poorly made splices will always be a source of
touble and will overheat, burn off their taping, and
cause high resistance circuits and sometimes fires.

A good test of an electrician is in the kind of
splices he makes.

The requirements for a good splice are; that it
should be Mechanically and Electrically Secure be-
fore the solder is applied. Solder is then applied, not
only to strengthen the splice or improve its con-
ductivity, although it does do both to some extent,
but for the real purpose of preventing corrosion and
oxidization of the copper.

12, COMMON TYPES OF SPLICES

Several of the more commonly used splices are
the Pigtail, Western Union, Tee or Tap, Knotted
Tap, Fixture Splice, and Stranded Cable Splice.
Each of these will be explained in detail.

13. STRIPPING AND CLEANING WIRES

The first very important step in making any
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Splicing

splice is to properly strip and prepare the ends of
the wire. Stripping means removing the insulation
from the wire a proper distance back for the splice
to be made. This may range from 115 inches to 3
or 4 inches for various splices.

The rubber and braid should be removed with a

“knife, as shown in the upper view in Fig. 10. The

knife and wire should be held in a position similar
to that used when sharpening a pencil, and the braid .
and rubber cut through at an angle as shown. Be
very careful not to cut or nick the wire, as it reduces
the conducting area, and makes it very easy to
break at that point.

Never cut the insulation as in the lower view in
Fig. 10, as one is almost certain to nick the wire in
cutting in this manner, and it makes a more difficult
splice to properly tape.

After cutting through the insulation and down to
the wire, let the blade slide along the wire, strip-
ping the insulation to the end; keeping the’ blade
almost .flat against the wire, so it does not cut into
the copper. ¢ .

After removing the insulation with the knife the
wire should be scraped with the back of the blade,
to remove all traces of ‘rubber and until the wire is -
thoroughly clean and bright. If the wire is tinned
do not scrape deep enough to remove the tinning,
but leave on as much as possible, as it makes
soldering easier.

’

Fig. 10. This sketch shows the proper method of stripping the insulation
from a wire in the upper view. The lower view .
shows the wrong way.

It is impossible to do a good job of soldering if

the wires have 