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PREFACE 

THE PLANNING, INSTALLATION, AND MAINTENANCE tiF LOW-VOLTAGE RURAL ELEC- 
TION SYm AND SUBSYSTEMS is designed to aid both the technical 

instructor as a trainino manual and the Peace Cores Volunteer as a field 
resource reference. We-hope that the manual will'help to turn out Volun- 
teers who can perform effectively in the field. 

Each logical unit of instruction is sub-divided into the following 
categories. 

OVERVIEW A statement summarizing the general significance of the 
material to follow, and points requiring special emphasis. 

OBJECTIVE A definition of the goa? to be achieved by the trqinee 
for th t unit of Instructi~. 

TASKS 

FUNCTIONAL 
SKILLS 

The steps to be followed to accomplish the objective. 

The knowledge and skills neec'cb +r) be able to perform 
the tasks. 

TERMINAL The means of evaluating the ability of the trainee to 
PERFORMANCE perform the skills needed to complete the tasks in order 
TESTS to accomplish the objective. 

RELATED 
INFORMATION 

Content information describing the knowledge and skills 
needed to perform the tasks correctly. 

LESSON 
PLANS 

Suggested guidelines for providing instructional time 
for the essential areas of each unit. 

Although we have followed a typical pattern of presentation, offering 
logical units of information, it is important to keep in mind that the 
manual is to be used in preparing Volunteers for a program and that no 
single unit can possibly stand alone. All are interrelated and need to 
be included in a systematic presentation. Its value as a reference tool 
will come after the skills have been learned and the Volunteer is over- 
seas. Once in the field, the objectives .@nd tasks can be used by the 
Volunteer as an outline description of how the project should proceed. 

Throughout the project, a task force of the VITA chapter in Detroit, 
Michigan, spearheaded by Rod Herrick and Ted Ewald, spent many hours 
compiling the material from which the manual emerged. 

I am deeply indebted to Robert Ellis who collected, sumPlarized and 
organized the material into the manual's present format. Without his 
efforts, we would still be in the first draft stages. 

A deep bow to Ethel Carlson, who managed to keep all the horses on the 
track; and Barbara Ille, who spent many hours trudging through first- 
draft scratchings. 



Special apprec$atlon is extended to Messrs. RJichdrd Williams and Mike 
Furst, United States Peace Corps, and Ken Kalb, Executive Director, VITA. 
Wlthout their vdsion, support and encouragement, this manual would not 
have been written. 

Finally, errors and oversights must be credited to... 

Michael J. Glowacki 

Project Coordinator 

Schen&ctady, New York 
April 18, 1969 



?ABLE OF CONTENTS 

BACKGROUND ESSENTIALS 

SECTION 1 THEORY 

OVERVIEW ............................................................. 
Matter ............................................................... : 
Atoms ................................................................ 4 
Electric Charge ...................................................... 4 
Proton ............................................................... 4 
Electron .............................................................. 4 
Current .............................................................. 5 
Current Types ........................................................ 5 
Electrical Circuit ................................................... 
Voltage .............................................................. s 
Resistance ........................................................... 6 
Power ................................................................ 
Energy ............................................................... F 
Multiple Units ....................................................... 
Effects of Current Flow .............................................. 3 
Meters ............................................................... 
Ohm's Law .......................................................... 1; 
Series Circuits ..................................................... 
Voltage Drop ........................................................ I 
Parallel Circuits ................................................... 
Series-Parallel Circuits ................. ..i ........................ 12 
Alternating Current Principles ...................................... 
The Electrical System ............................................... :; 
LESSON PLANS ........................................................ 21, 

SECTION 2 SAFETY 

OVERVIEW ............................................................ 
E"nestrlc Shock ...................................................... 3: 
Safety Precautions .................................................. 32 
Rescue and First Aid Techniques ..................................... 
Grounding ........................................................... ii 
LESSON PLANS ........................................................ 35 

DESIGN AND INSTALLATION 

SECTION 3 HOUSE WIRING 

OVERVIEW 37 *.*.....................*.......................*........... 
Conductor Sizes 1 1 L- :. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...* 
Conductor Insulation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..~.....*. 41 
Cables 4 'i . . . . . . . . . . . . . . . . . . . . . . . . . ..*.................................. 
Coloring of Conductors 42 .*................................m,*........., 
Wire Handling Techniques 42 . . . . . . . . . . . . . . ..*......*.................... 
Types of Service 45 . . . . . . . . . . . . . . . . . . . . . . . . . . . ..‘.....................~. 
Service Entrance 46 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 



SECTION 3 HOUSE WIRING (continued) 

_- 
---I 

Switchboxes, Fuses and Circuit Breakers ............................. 49 
Electrical System Layout ............................................ 50 
Installation ........................................................ 51 
Switches q ............................................................ 
Component Location .................................................. 2; 
"New" and "Old" Work ................................................ 
Motors .............................................................. 2; 
Circuit Design ...................................................... 59 
Circuit Schedule .................................................... 
Safety Considerations ............................................... 2; 
Total Load Requirements ............................................. 61 
Nameplate Information ............................................... 62 
Total Load Calculation .............................................. 

Consumer Education ................................................... 2 
LESSON PLANS ........................................................ 64 

SECTION 4 DISTRIBUTION WIRING 

OVERVIEW ............................................................ 79 
Map Making .......................................................... 82 
Selecting the Route ................................................. 
Clearing the Route .................................................. ifi 
Locating Pole Positions ........................ . ...................... 86 
Choosing the Pole..............................,.....................8 7 
Pole Hauling ........................................................ 
Pole Preparation .................................................... ii 
Erecting and Setting Poles .......................................... 
Guying the Poles ..................................................... ;: 
Joining Line Conductors ............................................. 
Stringing the Wire ................................................. 1:: 
Sagging Line Conductors ............................................ 101 
Transformer Installation ............................................ 103 
LESSON PLANS ....................................................... 105 

SECTION 5 POWER SOURCE , 

OVERVIEW ........................................................... 117 
Dfstribution System Power Source ................................... 119 
Isolated Generator Installation .................................... 120 
LESSON PLANS ....................................................... 122 

PLAMNIfJG REQUIREMENTS 

SECTION 6 PROJECT COST ANALYSIS 

OVERVIEW ........................................................... 124 
Piaterial Needs ..................................................... 126 
Labor Needs ........................................................ 126 
Overhead ........................................................... 126 
Material Costs ..................................................... 126 



SECTION 6 PRWECT COST ANALYSIS (continued) 
, 

Labor Rates ........................................................ 126 
Overhead Costs ..................................................... 127 
Overall Project Costs .............................................. 127 
Fund Sources ....................................................... 127 
Cooperative Operation .............................................. 128 
LESSON PLANS ....................................................... 129 

SECTION 7 PROJECT MAINTENANCE 

OVERVIEW ........................................................... 132 
Trouble Shooting ................................................... 135 
Precautions ........................................................ 135 
Symptoms of Electrical Trouble p?r ....................................... 2 
Location and Type of Fault 

._ 
.... ..t.........................*.** ...... 136 

Test Equipment ...................................................... "i 37 
Trouble Correction ................................................. 142 
Preventitive Maintenance ........................................... 143 
Manual of Standard Procedures ...................................... 145 
LESSON PLANS ....................................................... 146 

BIBLIOGRAPHY......... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..*.............. 150 

i 



-l- 

SECTION 1 

THEORY 

OVERVIEW: 

The purpose of electrification is to provide power to do work. This work 
my be running a pump, lighting a house, or numerous other jobs. Controlled 
power is very important in all our lives. 
dangerous. 

Uncontrolled power can-be very 
\ 

The electrical worker must understand the basic principles of electricity, 
and how to control electrical power. If he does not have this knowledge 
he will be handling uncontrolled power, at the risk of life, property, or 
wasted power. 

This section is planned to give the student the basic background knowledge 
of electrical principles so that he can work with electricity safely and 
efficiently. This instruction will be in a classroom or lab situation and 
the instruction should be mostly demonstration or student participation. 
The students have grown up with electricity and have assimilated much of 
the information. Through these discussions, d-n&rations, and practjce 
experiences, this knowledge can be supplemented, sorted out and properly 
ordered in the students mind. 



-2- 

THE PLANNING, INSTALLATION, AND 1'AINTENANCE OF LOW-VOLTAGE 
RURAL ELECTRIFICATION SYSTEHS AND SUBSY??i!MS 

BACKGROUND ESSENTIALS 

St$TION 1 THEORY 

OBJECTIVE: Develop a sufficient understanding of 
basic electricity to explain the 
function and operation of an electrical 
distribution system. 

TASKS: 1. List and explain the fundamentals of 
electricity. 

2. Identify the components of an 
electrical distribution system. 

3. Explain the function and operation of 
each component. 

FUNCTIONAL SKILLS: 

1. Arrange components into an electrical 
circuit. 

2. Identify the types of control elements 
normally found in a distribution system. 

3. Identify the measuring units of 
electricity, and be able to measure 
these in a given circuit. 

4. Explain Ohm's Law 

5. Explain how electricity produces heat, 
magnetism and light. 

6. Express the laws of parallel and series 
circuits. 

7. Recognize the terms (by definition) 
necessary for a basic understanding of 
electricity. 

TERMINAL PERFORMANCE TESTS: 

1. Given a list of electrical terms, 
define each one. 

2. Explain Ohm's law and the laws of series 
and parallel circuits. Arrange 
components into a series circuit, and 
into a parallel circuit. 
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THEORY (cont.) 

3. Explain how electricity produces 
heat, light, and magnetism. 

4. List the measuring units of 
electricity; and given a circuit, 
measure each of these values. 

5. List the types of control elements 
normally found in a distribution 
system. 
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BACKGROUND ESSENTIALS 

THEORY 

MATTER 

Anything which occupies space and has weight is called matter. All liquids, 
gases, and solids are examples of matter' in different fonres. Matter itself 
is made up of smaller units called atoms. 

ELECTRON 

ORSITS 

ATOMS 

ELECTR3NS 

NUCLEUS 

Fig. 1.1 

An atom resembles the solar system with the sun as the center of the orbit 
and a series of planets revolving around it. In the atom there is a rela- 
tively large mass at the center called the nucleus. 

ELECTRIC CHARGE 

Any material is said to have an electric charge if it attracts or repels 
another material similarly charged. 
or a negative electrical charge. Two 

A material may have either a positive 

each other. 
objects wlth positive charges repel 

Two objects with negative charges also repel each other. Ob- 
jects with unlike charges attract each other. 

PROTON 

Part of the nucleus of an atom is made up of protons with a positive elec- 
trical charge. 

ELECTRON 

One or more electrons revolve continuously about the nucleus. These elec- 
trons are very much,lighter in weight than protons and possess a negative 
electric shmqe. 
they are a part. 

All electrons are alike regardless of the atoms of which 
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CURRENT 

Electrons in motion constitute an electric current. Copper wire is widely 
used to zarry electric current. Individual atoms of copper in the wire 
have electrons revolving abou? their nuclei. By applying electrical pres- 
sure from a battery 46 gzerator it is possible to force these electrons 
out of their circular path and raus@ them to pass from one atom to another, 
there repelling another electron to the next atom and sp on along the length 
of the wire. 

The greater the number of electrons passing a given point in a circuit, the 
greater the intensity of the current. An electric current is measured in 
amperes and the instrument used to measure current is called an ameter. 
The symbol (I) is used to denote the amount of current in a circuit. 

CURRENT TYPES 

Direct current (DC) is the movement of electrons in one direction in a con- 
ductor. 

Pulsating (DC) currenl is a current in one direction whtch varies in inten- 
sity at a regular interval of time. 

An alternating current (AC) is a current which changes in direction and 
intensity at a regular interval of time. . 

A graph illustrating the types of current described above is shown in 
Fig. i.2. 

t 

nuE o 

i 

DllaTGlmREw 

w TIME 

PULSATING 
OIRECT CURRENT 

Fig. 1.2 

ELECTRICAL CIRCUIT 

An electrical circuit is a path or series of paths through which electric 
current flows. The three basic parts of a circuit are the power source, 
the conductors, and the load. The current flows from one terminal of the 
power source through the conductors to the load, through the load convert- 
ing electrical energy to heat or motion, and then through another conductor 
back to the other connection of the power source. A switch is used to COP- 
trol current flow by opening a circuit or closing it. _ 
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VOLTAGE 

A closed circuit and a source of electrical pressure are necessary to pro- 
duce an electric current. Electrical pressure, known as voltage, or poten- 
tial, is obtained from many sources. 
powered AC and DC installations. 

Generators are widely used for high- 
Storage batteries are extensively used 

for DC power in automobiles and aircraft. Photoelectric cells conver;i light 
energy into electrical energy and are used as voltage sources in light-oper- 
ated devices. A thermocouple, consisting of a junction of two dissimilar 
metals, will generate a low voltage if heated. Electrical pressure is meas- 
ured in volts and the instrument used to measure electrical pressure is a 
voltmeter. The symbol (E) is used to denote the electrical pressure be- 
tween two points in a circuit. 

RESISTANCE 

The property of a material which causes it to oppose the flow of an elec 
tric current is called resistance. All materials have some resistance. 
Materials which offer little resistance to current are called conductors. 
Those which offer high resistance to current are called insulators. 

Resistance is measured in ohms. The symbol (R) is widely used for resis- 
tance in formulas involving electrical calculations. The instrument used 
to measure resistance is an ohmmeter. 
the Greek letter omega. 

The unit ohm is abbreviated, sl , 

The most comnon of all conductors is copper wire. The resistance of one 
wire is not necessarily the same as the resistance of another. The resis- 
tance of a wire depends upon three things. 

1. The material of which the wire is made. 
2. The length of the wire. 
3. The cross-sectional area of the wire. 

The resistance is related to these factors by the following formula 

R = resistance 
L = length of wire 
A = cross-sectional area of wire 
k= a specific number depending upon 

the material the wire is made of. 

POWER 

Power is the rate of doing work. An electric elevator motor does the same 
work speeding a car to the top of the Empire State building in two minutes 
as it does in crawling up in ten minutes. Although the work is the same, 
the motor in the first case must be five times as powerful. 

The unit of electrical power is the watt. One watt is the power used when 
one ampere is forced through a circuit by a pressure of one volt. In DC 
circuits the power can always be figured with the following formula: 

Watts - Volts x Amperes 
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ENERGY 

The energy used by a load is the power required multiplied by the time that 
much power was used. If one watt is used for one hour, the amount of energy 
consumed is one watt-hour, which is the unit of electrical energy. The con- 
sumer is charged for the amount of electrical energy that is consumed. The 
following formula is used to find the electrical energy consumed: 

Electrical Energy l Watts x Hours Used 

MULTIPLE UNITS 

In practical electrical work the units mentioned are found in much larger 
or smaller quantities. The Greek words below are used to indicate the 
corresponding multiple of the unit they are used with. 

Kilo = 1.000 
Mega 0 l,OOO,OOD 

‘Milli - .001 = l/1,000 
Micro = .OO 001 - 1/1,000,000 

Examples of units using these prefixes are: kilowatts, megohms. 

EFFECTS OF CURRENT FLOW 

When electric current flows through a conductor there are severa 
These are the production of heat, light, and magnetism. 

HEAT 

1 effects. 

When a current is passed through a wire heat is produced. The amount 
of heat depends upon the substance, the resistance of the wire, and 
the amount of current that is flowing through the wire. 

A fuse is a 'small wire that melts at a low temperature, although the 
resistance is also very low. Fuses are made to melt when more than a 
certain amount of current is flowing through them. They protect cir- 
cuits from excessive amounts of current by melting and opening the 
circuit, stopping current flow. 

LIGHT 

A hot metal will glow. A wire carrying current can heat to a high 
temperature and the wire will glow red hot. If the wire is in a bulb 
with no air it can glow white hot without burning up. This is the 
case with light bulbs. 

ELECTROMAGNETISM 

I A wire carrying an electric current exhibits magnetic characteristics. 
If placed near iron filings this current carrying wire will attract 
them l'ike a magnet as shown in Fig. 1.3. 
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Fig. 1.3 

A wire that has been coiled also acts like a magnet, and each end is 
like the poles of a bar magnet. Such a coil is called an electro- 
magnet. Fig. 1.4 shows a simple electromagnet. 

Ffg. 1.4 

Induced Voltage 

When a wire is connected to a voltage sorrce, a current flows. 
If this wire is in a magnetic field, the magnetic field induced 
by the current in the wire will cause the wire to be repelled out 
of the other magnetic field, since two magnets repel each other 
if two similar poles are brought close to each other. This pro- 
cess also works in reverse. When a wire, with Its ends joined to 
make a complete circuit, is moved in a magnetic field, a voltage 
is induced which causes a current to flow. These are the princl- 
pies of motor and generator operation. 
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METERS 

Ameters, voltmeters, wattmeters, all measure different 
ties, and each is connected to a circuit differently to 
quantity. 

AMMETER 

electrical quanti- 
measure a given 

An anmter measures the current flowing past a given point of a cir- 
cuit. It is connected so that the current must flow through the 
meter, as illustrated below. 

&? 

* !. 

. QYi? 

:/! ,i -I ., .‘, ,‘, - 
‘7’: -- - -I--C-L- ~-__/~zx~’ ” 

Fig. 1.5 

There are some ameters which need not be connected into the circuit. 
This type of meter works because of the magnetism around,the wire. 

Fig. 1.6 
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VOLTMETER 

A voltmeter measures the electrical pressure, or voltage, that exists 
between two points of a circuit. It is connected across the two points. 
In a circuit with several resistances the voltage may be different be- 
tween different wints. _ 

52 .’ 1.9. 
:--. 

” 1, 
\.\ *,. \ 6 /7 \\ 

LA-’ 

I 

1 ’ 

L’ --*,- 

__...a _ * 

Fig. 1.7 

WTMETER 

A wattmeter measures the power being-consumed by a circuit. Power 
was defined as the product of the voltage and the current. A watt- 
meter masures the voltage and the current simultaneously and shows 
the wattage belng consumed at any time. It is connected like a volt- 
meter ;nd like an aimneter. 

Fig. 1.8 
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WATTHOUR METER 

The connection of a watthour meter is identical with the connection 
of a wattmeter. If a 100 watt lamp is being operated, the meter will 
record 100 WH. in one hour, and 2400 WH. in one day. 

An ohmeter measures the resistance of a circuit. It is connected in 
place of the power source, and supplies a very small amount of power 
from which it-determines the resistance. - 

Fig. 1.9 

OHM'S LAW 

Experiment will show that there is a definite relationship between the 
voltage, current, and resistance of a circuit. This relationship is ex- 
pressed by Ohm's Law. 
are all equivalent. 

Ohm's Law is shown in the equations below, which 

E=IxR E = voltage in volts 
I = current in amperes 
R = resistance in ohms 

SERIES CIRCUITS 

In a serier Guit the devices are connected so as to offer only one path 
for the . ' 'c it. Since only one path for current exists, the same current 
passes tt,. 1 ;h all the devices, that is the current through each device is 
the same. 
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Fig. 1.10 

It = I] - 12 = 13 . . . . . . . . . . . . . . . . . . . ..etc. 

It = Total current 

I1 - Current through lamp #l 

I2 = Current through lamp #2 

13 - Current through lamp 53 

etc. 

The total resistance of a series circuit is equal to the sum of the resis 
tances of each part of the circuit. The total resistance in this case Is 
the resistance from terminals A to D with the voltage source disconnected 
In this case the resistance of the %Ire fs so small we will not consider i t. 

In the symbol form: 

Rt 
* Rl + R2 + R3 . . . . . . . . . . . . . . . . . . . . ..etc. 

When Rt - Total circuit resistance 

R, - Resistance of device #l 

R2 = Resistance of device 12 

R3 a Resistance of device #3 
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The total voltage applied to s series circuit is divided across the various 
devices of the circuit. El is called the voltage drop of Rl. 

Et = El + E2 + E3 

When Et = The total voltage applied by the battery 

El = The voltage across Rl (between points A and 8) 

E2 = The voltage across R2 (between points B and C) 

E3 l The voltage across R3 (between points C and D) 

VOLTA6E DROP 

The voltage across a particular resistance is called a voltage drop. - Using 
the above equation, the voltage available for the other resistances in the 
circuit is the total voltage less the voltage drop across Rl. 

Suppose a motor is cop lected to a generator by a long length of wire. A 
nrrtor requires a high current, and this current must flow through the wire. 
The voltage drop across this wire is equal to the current times the resis- 
tance of the wire. If the wire is small in diameter or if it is long it 
will have a high resistance, and thus will have a high voltage drop across 
it. The motor will have less voltage and will not be able to run properly. 

Voltage drop cannot be prevented, but it can be reduced. If the amperage 
is high the wire used should-be larger in diameter or shorter in length. 
The increased diameter or shortened length will decrease the resistance. 
This will decrease the voltage drop. 

PARALLEL CIRCUITS 

A parallel circuit is one in which the loads are so connected as to offer 
a separate path for the current to each load. 

/ 
.: DatterJ 

i; 

Fig. 1.11 

I 13, i --g/i lL--’ 
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The circuit shown in Figure 1.11 is an example of a simple parallel circuit. 
Note that each device is directly connected through the connecting wires to- 
the main source of voltage. This causes each device to operate at the same 
voltage as the source. Thus all devices in a parallel circuit have the same 
voltage and must be rated at the same voltage to operate properly in parallel. 

The fact that all devices in a parallel circuit operate at the Sati voltage 
is expressed mathematically bn the following equation: 

Et = El = Eq = Eg ,........... etc. 

The devices in a parallel circuit operate independently of one another. 
Each device takes current in accordance with its resistance. The number Y. 
of separate paths for current is equal to the number of devices operated.- 
Devices connected in parallel may have widely different ratings of current 
and resistance and still operate in parallel. The total current in a par- 
allel circuit is equal to the sum of the currents in the separate devices. 

It 
- I1 + 12 + I 3 . . . . . . . . . . . . etc. 

The total resistance of a parallel cfrcuit decreases with an increase in.the 
number of devices operated. This is apparent since an .increase in the num- 
ber of paths for cyrrent results in a decrease in total resistance. Remem- 
ber: The total resistance of a parallel circuit is always smaller than the 
smallest resistor of that circuit. 

The total resistance can be found by applying the correct voltag to the 
circuit and measuring the total current taken. The total resista ce is then K 
determined bay applying Ohm's Law. 

Resistance of circuit = Tot~~'~:~~ent 

The total cfrcuit resistance can be found by an application of the following 
formula which applies to any parallel circuit. This'formula is known as the 
Reciprocal Formula. - 

1 
%=-it;? $t -jqt .” l . . . . . . . . . etc. 
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SERIES-PARALLEL CIRCUITS - 
A series-parallel circuit has some loads or devices in serdes and others 
in parallel. Fig. 1.12 shows some typical series-parallel circuits. 

CircuitA 

-I+ t- 

I 
cbcuit B 

-+,I i------J 
Fig. 1.12 

The total resistance of Circuit A can be figured by parts. The two 10 ohm 
loads in parallel, considered alone have a resfstance of 5 ohms. Thus cir- 
cuit A is equivalent to two 5 ohm resistances in-series, or a total resfs- 
tance of 5 + 5 = 10 ohms. 

The total resistance of Circuit B can also be figured in parts. It is two 
series circuits which are in parallel to each other. 
of tm, 25 ohm resistances in parallel. 

It is the equivalent 
Thus the total resistance is: 

25 = 12.5 ohms. 
2 

The most cwrmon series parallel circuit~fs the control of several loads by 
one switch. 

- . 

, . Y’. r 

- c _. 

The switch is in series with parallel loads. 

I 

,; 
c 

-- 
_ _-a - -8 a. 

r / . 
‘\. 
5 .i 
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ALTERNATING CURRENT PRINCIPLES / 

An alternating current can be generated by rotating a coil of wire in a 
magnetic field. The voltages induced as the coil makes one complete revo- 
lution are shown in Fig. 1.14. The part of the graph below the horizontal 
axis indicates voltage in the opposite direction. l/4 m 3/1, 1 

Fig. 1.14 

CYCLE 

A current flow#that starts at zero, rises to a positive maximum, 
returns to zero, rises to anegative maximum, and returns to zero is 
on cycle of alternating current. 

FREQUENCY 

The frequency of an alternating current is the number of cycles of AC 
current in one second. If an AC current reaches its maximum voltage 
in the same direction, 60 times during one second, the frequency of 
the current is 60 cycles per second. 

EFFECTIVE VALUES 

The effective value of alternating current is that value which will 
produce the same amount of heat as the same value of direct current. 

The effective voltage is that value which will force an effective 
current through the same resistance as a constant voltage. 

effective current m ,707 x maximum current 

effective voltage = .707 x maximum voltage 
-.. 

The effective power‘ is that value which will do the same work as the 
same value of power produced from a direct current source. AC amneters, 
AC voltmeters, and AC wattmeters all measure the effective values of AC 
electricity. 
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APPARENT POWER 

The product of the effective current and the effective voltage is called 
the apparent power, and is calculated in volt-amperes (VA), or kilovolt- 
amperes (WA). 

POWER FACTOR 

In AC circuits, especially circuits that have large motor loads, the 
apparent power 1,s not always the same as the effective power, as meas- 
ured with a wattmeter. The effective power is often less than the 
apparent power. To measure the amount that these differ we deffne the 
term power factor: 

Power Factor = effective power 
apparent power 

To measure the power factor of a circuit, measure the effective power 
with an AC wattmeter, measure the current with an AC annneter, and meas- 
ure the voltage with an AC'voltmeter. Calculate the apparent power 
and use the fomla. 

It is desirable to have as high a power fastor as possible. A low power 
factor means larger conductors are needed to supply the same power. 
Power factor can be corrected'by installing capacitors into the system. 
They use no power but correct the power factor. Let the engineer in 
charge of the project decide when capacitors are needed and let him 
decide upon the size needed. Capacitors store power. They are dan- 
gerous even when disconnected. Handle with extreme care and always 
with the terminals connected together. 

AC MOTORS : 

There are many ways to build AC motors. However, they all operate on 
the same principle. In all AC motors an AC voltage is applied to sta- 
tionary coils, which produce a varying magnetic field that changes at 
a speed proportional to the frequency of the current. The rotating 
coil rotates in an effort to line up with this changing field. 

SINGLE PHASE AC 

All the material about alternating current so far has been concerned 
with,single phase AC. The voltage reaches a maximum twice during each 
cycle (once in each direction). Therefore an AC motor receives two 
"pushes" each cycle. 

THREE PHASE AC 

A lawnmower engine has one cylinder. An automobile engine has six or 
eight. The automobile engine receives six or eight pushes per revo- 
lution compared to the single push of the lawnmower engine. It would 
be convenient if an electric motor could receive more pushes per revo- 
lution. This happens with three phase AC. A generator is so construc- 
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ted that it generates three alternating voltages, but they reach their 
maximum values at different times. A three phase motor has three coils 
which each connect to a different "phase" of the three phase generator. 
Thus the motor is getting six pushes (two pushes from each phase) in 
the same period of time that a single phase motor gets only two pushes. 

The advantage of generating three phase power is single phase power can 
also be obtained by connecting the circuit to a single phase, rather 
than all three. Also, three phase motors are mre efficient, simpler, 
less expensive to buy and run. There are two ways to connect loads to 
a three phase generator. In Fig. 1.15 and Fig. 1.16 the generators are 
the same, the diagrams show the three eufls which have voltage induced 
in them by a rotating electromagnet. In the diagrams the arrangement 
of the coils is different but only for convenience in drawing. The 
coils each generate 120 V. The voltages obtained with each type Qf 
connection are indicated. 

Delta Connection 

The delta connection of a three phase generator, which resembles 
the Greek letter A (Delta), is shown in Fig. 1.15. 

Wye Connect1 on 

Fig. 1.16 shows the same generator connected similar to the letter 
Y. This connection is sometimes referred to as a star connection. 

Fig. 1.15 Fig. 1.16 

TRANSFORMERS 

A moving magnetic field generates an electric current in a conductor, 
and an alternating current flowing in a conductor produces an alter- 
nating magnetic field. These two effects can be combined in a circuit 
such a3 Fig. 1.17. 
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Fig. 1.17 

One coil has a current flowing 3n it. It is an AC current that sets 
up an alternating magnetic field around the coil. If another coil is 
placed next to it, there will be an alternating current induced in it 
by the magnetic field.. The first coil is the primary, the second coil 
is the secondary, and the combination is called a transformer. Most 
cmwcial transformers appear as,shown in Fig. 1.18. 

Fig. 1.18 

Transformers can change voltage. If there are twice as many loops in 
the coil of the secondary as there are loops in the primary, the voll- 
age in the secondary will be twice the voltage of the primary. This 
ratio is called the turns ratio, or voltage.ratio. A transformer which 
wtll change the voltage from 1,000 V. to 100 V. is called a step down 
transfomer. A transformer that would raise the voltage would k 
called a step.up transformer. 
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THE ELECTlUCAL SYSTEM m. 

An electrical systems is made up of seven major parts. These are: 

1. The generator plant 

2. Transmission lines 

3. Substations 

4. Oistribution lines 

5. Oistribution transfonwrs 

6. Secondary lines 

7. The house system 

Each of these parts has components designed to protect or control the 
system. Throughout the system are switches to disconnect @at of the 
sys%eu~ from the power, so that part of the system can be safely worked 
on. Each part of the system has fuses to protect that part from over- 
current. 
tectors 

The transmission and distribution lines have lightning pro- 
to make lightning strikes harmless to the system. 

The system is connected as follows. 
of power. 

The generating plant is the source 
If the mr mrst be transmitted a long-distance the voltage 

is stepped up at the generating plant by a transformer. This reduces 
the current flow through the transmission lines which decreases the volt- 
age drop. 
and is 

At a substation this voltage is reduced by another transformer 
then distributed over the distribution lines to the area where the 

power is to be consumed. Near tho houses a distribution transformer steps 
the voltage down to the supplied voltage and which is supplied to the 
house systems. 
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lliEmY 

LESSON NO. 1 

Describe the electrical units of measurement 

a& the essential components of an electrical 

circuit. 

INSTRUCTIONAL PROCEDURE 

Define: matter, atoms, electric charge, 
proton, electron. 

Define curren t flow and the unit of 
current, the ampere. 

Define and exhibit an electrical 
circui . 

Define the components of an electrical 
circuit and discuss exsmplea of sources 
andloads. 

Define voltage and the unit of.voltqe, 
the volt. 

Discuss the various sources of voltege. 

Define resistance and the unit of 
resistance, the ohm. 

Discuss the resistance of conductors 
and insulators and show exsmples. 

Define electrical power and the unit 
of power, the watt. 

Discuss the relationship of electrical 
power with mechanical power. 

Define energy and the unit of electrical 
energy, the watt hour. . 

Discuss the relationship of electrical 
energy with mechanical energy. 

SUPPLEMENTAL MATERIALS / 
RELATED READING 

VsnValkenburgh 
Vol. II pp. l-29 

VanVabkenburgh 
Vol. I, pp. 42-50 

VsnVslkenburgh 
vol. II, pp. l-6 

VsnVslkanburgh 
Vol. I, pp. 83-87 

VanValkenburgh 
vol. I, pp. 98-107 

VanValkenburgh 
Vol. II, pp. 42-68 

Richter, pp- 20-21 
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THFXRY 
Usson No. 1 (cootinued) 

'Multiple Units 

Effects of Current 
Flou 

Define the use of the prefixes: 

kilo- 
mega- 

ltli.U.i- 

UIICIX- 

Discuss which units are usually 
considered in these multiple units. 

Discuss and demonstrate the effects 
of electric current flow: 

heat 
light 
electromagnetism 

Richter, p. 20 
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THEORY 

LESSON NO. 2 

LESSON OBJECTIVE: 

TOPIC 

Ammeter 

Voltmeter 

Uattmeter 

Demonstrate the measurement of the units of electricity. 

INSTRUCTlCiNAL PhXEDURE 

Demonstrate the use of an ammeter to measure 
current. 

Discuss the protection of the meter from 
overcurrent. 

Advise and stress safety as trainees practice 
the use of an ammeter. 

Demonsti.ate the use of a "tong type" ammeter. 

Discuss its advantages. 

Demonstrate the use of a voltmeter for 
measuring the electrical pressure between 
points of a circuit. 

Discuss protection of the meter and the 
trlliM0. 

Have trainees measure various voltage source8 
and the voltages between various parts of 
circuits. 

Demonstrate the use of a wattmeter for 
measuring the power consumption of a circuit 
and various parts of a circuit. 

Discuss safety of the trainee and meter. 

Have trainees use wattmeters to determine the 
power consumption of various loads. 

Discusa the difference between a wattmeter 
and a watthour meter. 

SUPPLEMENTAL MATERIALS / 
RELATED READING 

VanValkenburgh 
Vol. I, pp. 60-74 

VanVslkenburgh 
vol. I, pp. aa-57 

VanVslkenburgh 
Vol. II, pp. 36-39 



-24- 

TXBORY 
Lmrrorr No. 2 (continued) 

Ohmeter Demonstrate the use of an ohmmeter to 
measure the resistance of a circuit. 

Show how to use the range selector arxl the 
nsero sdjusl9 ta insure correct readings. 

Xave trainees measure ths rssietence of 
eeveral losds. 

VauValkenburgh 
Vol. I, p. la8 



-25 

LESSON NO. 3 

LESSON OBJECTIVE: Define OhmlsLauusing ademonstrationof 

the relationships. 

TOPIC 

ohm’s Law 

INSTRUCTIONAL PROCEDURE 

Direct the trainees to connect a circuit 
andmeasure thevoltage and the current. 

Have them measure the resistance of the 
circuit. 

Record thee measurements. 

Repeat the above procedure using several 
different loads snd several different 
voltage sources for each load. 

Discuss the relationships observed between 
these measurements. 

Define Ohm's law. 

Discuss how Ohm's law can be used to 
determine current, voltage, resistance or 
power when any two of these are tiwn. 

Provide assistance as the trainees determine 
unknown voltages, currents and resistances. 

Describe Waltage drop8'. 

SUPPLEMENTAL MATERIALS / 
RELATED READING 

VsnValkenburgh 
Vol. II, pp. 24-37 

'. 

Richter, pp. 29-31 
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THEORY 

LESSON NO. 4 

Define series, parallel and series-parallel circuits. 

Develop the laws for voltage, current and resistance 

in these circuits. 

INSTRUCTIONAL PROCEDURE 

Define a series circuit. 

Have trainees connect various resistances 
into parallel circuits with a battery. 

Have the trainees measure the voltages and 
currents across and through the various parts 
of the circuit and record this data. 

Repeat the above procedure with different 
resistances and voltage sources. 

Discuss the relationships observed and 
develop the laws for calculating the total 
resistance of the circuits. 

Define a parallel circuit. 

Have trainees connect various resistances 
in parallel with a battery. 

Have the trainees measure the voltages and 
the currents across and through different 
parts of the circuit and record the data. 

Repeat the above procedure with different 
resistances and then again with different 
voltage source. 

Discuss the relationships observed and de- 
velop the law8 for calculating the current 
and resistance of the complete circuit. 

Show examples of seriss parallel cirouits. 

Discuss how to use the series and the parallel 
laws to determine the total resistance and 
current of the circuit and the voltage differ 
,Ances across different points of the circuit. 

SUPPLEMENTAL MATERIALS I 
RELATED READING 

VauValkenburgh 
Vol. Ii’, pp. 7-23 

VanValkenburgh 
Vol. II, pp. 55-89 

VsnValkenburgh 
Vol. II, pp. 90-102 
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THEORY 

LESSON NO. 5 

Describe and demonstrate properties of AC circuits. 

INSTRUCTIONAL PROCEDURE 

Define one cycle of alternating current. 

Define the frequency of an alternating 
current. 

Define the effective values of current and 
voltsge for AC circuits. 

Define effective power, apparent power 
end pouer factor. 

Discuss briefly motor operation. 

Define single phase and three phase power. 

Describe delta connections snd measure the 
voltages from a small three phase generator 
when delta connected. 

Describe rYv connection and measure the 
voltages from the generator when nYa 
connected. 

SUPPLEMENTAL MATERIALS / 
RELATED READING 

Richter, pp. 36-45. 
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THEORY 

LESSDN NO. 6 

LESSON OBJECTIVE: Demonstrate and describe the operation of a transformer. 

TOPIC I INSTRUCTIONAL PROCEDURE 

Transformer 
Dperation 

I 

Demonstrate transformer operation using an 
iron rod ard winding coils of wire around 
it. 

Use the principles of electromagnetism to 
explain this operation. 

Define the turns ratio and voltsge ratio. 

. 

SUPPLEMENTAL MATERIALS I 
RELATED READING 

VanValkenburgh 
Vol. IV, pp. 71-85 

'_ 
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LESSON OBJECTIVE: 

. 

TOPIC 

The Electric System 

THEORY 

LESSON NO. 7 

Describe the operation of an electrical 

distribution system. 

INSTRUCTIONAL PROCEDURE 

List the major parts of an electrical 
system. 

1. The generator plant 
2. Transmission lines 
3. Substations 
4.. Distribution lines 
5. Distribution transformers 
6. Secondary lines 
7, The house system. 

Discuss the function of each part and 
describe the operation of each part using 
the terms and concepts of this section. 

T 

SUPPLEMENTAL MATERIALS / 
RELATED READING 

Kwtz9 Sec. 2. 
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SECTION 2 

SAFETY 

OVERVIEW: 

Safety must be stressed at all times in all electrification work, whether 
or not work is being done with electrical currents present. Instructors 
must stress safety every time they teach a skill. They must stress safety 
every time they describe a procedure. Every skill and procedure has.-a 
safe way of being done and many many ways that are unsafe. 

This section of instruction describes how electric shock is received, why 
it is dangerous, and how to treat someone who has received a shock. The 
major protection from shock is a properly grounded system, so the theory 
of grounding should be taught. Exactly what to ground and how to ground 
It should be stressed in later sections at the time that the installation 
techniques are being taught. 
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SECTION 2: SAFETY 

OBJECTIVE: 

TASKS: 1. 

2. 

3. 

4. 

Demonstrate the basic safety procedures 
that must always be followed when work- 
ing with electricity. Demonstrate basic 
rescue and first aid techniques that will 
be needed if basic safety procedures are 
not followed. Explain how and why elec- 
trical systems should be grounded. 

List the basic safety procedures that 
must be followed when working with elec- 
tricity, and the reasons why. 

Demonstrate the basic safety procedures 
and the basic first aid and rescue techniques. 

Properly ground the electrical systems. - 

Teach these safety, first-aid, and grounding 
techniques to the local workers. 

FUNCTIONAL SKILLS: 

1. Perform artificial respiration and treatment 
of persons for burns or shock, and recognize 
when such treatment is necessary. 

2. Perform rescue techniques for removing a per- 
son from a live wire. 

3. Demonstrate how and explain why an electrical 
system is grounded. 

4. Instruct others in the use of required safety 
procedures through verbal instructions and 
demonstration. 

TERMINAL PERFORMANCE TESTS: 

1. List, and demonstrate in field exercises, the 
necessary safety procecures that must be fol- 
lowed in working on various parts of an elec- 
trical distribution system. 

2. Demonstrate appropriate first aid and rescue 
techniques for various accidents that may occur 
in working on an electrical system. 

3. Explain how and why electrical systems should 
be grounded. 

4. Prepare a lesson plan to teach these procedures 
a'nd techniques to local workers. 
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BACK6RQUND ESSENTIALS 

SAFETY 

ELECTRIC SMOCK 

An electric circuit is a path through which electric current flows. Uhen 
a person's body becomes part of a circuit, current will flow through his 
body. This current my: 

1. Knock the person unconscious. 
2. Give the person a bad bum. 
3. Stop the person's breathing. 
4. Stop the person's heart. 

SAFETY PRECAUTIONS : 

Electricity cannot be seen, smelled, or heard, so it is impossible to tell 
w$e;;r a wire has one volt running through it, 1000 volts, or no voltage 

You should treat every electric wire as if it were dangerous. Be- 
fore approaching any electric wire, first study the whole electric system 
to see how this particular wire is connected, and if possible, measure the 
voltage and current in the wire with a voltmeter and an ammeter. The fol- 
lowing DO'S and DON'TS, if carefully observed, should prevent accidents: 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

Alwavsdisconnect the electric wire from the source of current 
and voltage before working on it. 

Always use a test light, a voltmeter, or an aruneter to determine 
whether the line has a voltage In it and how much the voltage is. 

Always wear dry gloves when approaching any electric wlre. 

Always pull the disconnected end of an electric wire well away 
from the source of current to create an air gap. 

Never touch an electric wire when your feet are in water or on 
ztgraund. 

Never let one of the three wires in a three-phase circuit touch 
-round or one of the other wires. This sort of contact will 
create an electric arc and intense heat. 

Never work on a line which has more than 250 volts running through 
;ft line-to-ground or form phase-to-phase. 

Never replace a fuse without disconnecting all appliances and 
RIOtOrs connected to the line. 

Never use metal tools or wear metal jewelry (rings, I.D. brace- 
- etc.) around electric wires. Always use tools with wooden, 
plastic, or insulated hand grips. 
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RESCUE AND FIRST AID TECHNIQUES 

RESCUE 

Uhen somone touches a' "live" wire, and becomes par: of an electrical 
circuit, the victim must first be rescued, or freed from a.ny contact 
with the "live wire". He must then be promptly treated with first 
aid, But be very careful lest you be shocked too. 

Never approach or touch the victim unless you are positive he is not 
inntact with the electric current. Be ypeciallv careful if he is 
lying in a puddle of water or on wet ground. 

Alwa s pull or push the victim free of the "live wire" or wet ground 
a&- a dry, non-conductor, such as a wooden board, a rope, clothing, 
or lineman's rubber gloves. 

Never try to pull the victim free of the "live wire" or wet ground 
withyour bare hands, a piece of metal, or anything wet. If the 
victim has been suffocated by gas, smoke, or fur&s, move him into 
fresh air before beginning first aid. 

FIRST .AID ‘ 

Once the victim is free of the "live wire", look at his eyes to see 
if the pupils are dilated, and check his pulse at either wrist or 
neck. If the pupils are dilated or enlarged and there is no heart 
beat, begin closed chest ,heart massage immediately. 

Check the victim's breathing. If the breathing has stopped, start 
mouth-to-mouth rescue breathing at once. Do not dela 
to call for help, have someone else call + do not stop a actor. 

If someone else is nearby,.use him. Tell him to: 

1. Call a doctor. 
Loosen the victim's clothing. 

i: Cover the victim to keep him warm and comfortable. 

Continue rescue breathing until natural breathing starts again but 
stay. with the victim. Breathing may stop again and rescue breathing 
should be started onee mre. Do not stop the rescue breathing if nat- 
ural breathing does not begin again. Keep it up until the victim is 
pronounced dead by a doctor (and the American Red Cross recommends 
three checks for death by a doctor at lo-minute intervals) or until 
rigor mortis sets in. 

Keep the victim lying down, well-covered to keep him warm and quiet 
until a doctor advises that he may move, sit, or stand. 
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6ROUNDIRG 

;ru;iug means connecting a wire or piece of qui t to the earth. This 
nnecting the wire, or quiplent to be unded, 

that has driven deep in20 the earth. 
to a copper rod 

The earth 
tor and current will flow through it. 

Is an adequate conduc- 

ELECTRICAL SYSTEMS ARE GROUNDED TO PREVENT THE DANGERS OF ELECTRICAL SHOCK 
AND FIRE. 

All electrical syst should have one grounded wire. 

All equi nt cases and covers should be grounded. 

All pipes, structural steel, and other conductive paths should bei 
grounded. 

All of these must be connected together or grounded to the same place. 

When short circuits occur or when a device is connected from an energized 
wire to ground, the grounding wire provides a means of completing the path 
for the current. This completed path will allow excesslve current to flow 
which will blow one of the fuses, thus removing the current and-the danger. 
The grounded wire of the system must never be fused, for if this fuse 
should blow, the entire system would no longer be grounded, and considerable 
danger could be present. 

Distribution systems should be grounded to a grounding electrode every 
300 feet to maintain an adequate ground. generatlng equipment, like all 
other equipment, must also be grounded. 
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SAFWIY 

LESSON NO. 1 

LESSON OBJECTIVE: 

TOPIC 

Electric Shock 

Rescue 

First Aid 

Discuss the danger of electric shock and 
demonstrate rescue and first aid for victims. 

INSTRUCTIONAL PROCEDURE 
SUPPLEMENTAL MATERIALS / 

RELATED READING 

Describe how electric shock occurs using 
the definition of an electric circuit. 

Diacusa and describe situations when an 
electric shock hazard exists. 

Richter, pp. 3-13. 

List and demomtrate the procedures for 
rescning a person from a live wire. 

Arrange for an instructor from the local American Red Cross, 
Red Cross or Y.M.C.A. to instruct the Aid. First 
trainees in the administration of artificial 
respiration, heart massage and treatment 
for: 

shock 
burns 

Similarly cover other areas of first aid 
for treatment of other accidents 

fractures 
lacerations 
abrasions 

Have trainees practice these first aid 
techniques on each other. 
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LESSON NO. 2 

LESSON OBJECTIVE: iAst e4x-plalathe re&eons forgmunding 

an electrical system. 

TOPIC INSTRUCTIONAL PROCEDURE 
- 

Grcunding Theory Dlecuas why electrical syati am grarnded. 

List what should ba groundaL 

Diacuas why. 

Discuse the possible hemuds that may occur 
when asy8teakis improp9rlygroud or not 
grounded at all. 

Baud on dimussion, identify rules for 
gramdIng an electrical eystsm. 

SUPPLEMENTAL MATERIALS / 
RELATED READING 

Richter, pp. 128-34. 



OVERVIEW: 

The learning exercises of this sectfon and the following sections, are The learning exercises of this sectfon and the following sections, are 
centered around the construction of a sample electrical system by the PCTs. centered around the construction of a sample electrical system by the PCTs. 
The PCTs will wire two sample homes (one of mud construction) with standard The PCTs will wire two sample homes (one of mud construction) with standard 
techniques and techniques applicable to mud construction. These will in- techniques and techniques applicable to mud construction. These will in- 
clude lighting, appliance, motor and pump installations. clude lighting, appliance, motor and pump installations. 

Th+s Th+s installation of a sample electrical system will be the performance installation of a sample electrical system will be the performance 
test. It will also be on the job training. The emphasis should be on It will also be on the job training. The emphasis should be on 
doing, with instruct4 ln and lecture as needed to impart information, but doing, with instruct4 ln and lecture as needed to impart information, but 
the instructor will primarily be advising as the PCTs install the wiring the instructor will primarily be advising as the PCTs install the wiring 
of the sample houses. of the sample houses. 
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SECTION 3 

HOUSE WIRING 
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DESIGN AND INSTALLATION 

SECTION 3 HOUSE WIRING SYSTEM 

OBJECTIVE: 

TASKS: 1. 

2. 

3. 

4. 

5. 

6. 

7. 

a. 

9. 

10. 

11. 

12. 

13. 

To plan and install a wiring system and ser- 
vice entrance for a house or family compound. 

Prepare a sketch of the house (or compound) 
layout. 

Determine and list the power requirements 
for the lighting, motor, and appliance out- 
lets anticipated. Calculate the total power 
required for the house. 

Decide proper location for outlets, switches, 
and service entrance, and mark location-on 
layout sketch. 

Decide which outlets should be on the same 
circuits and prepare a circuit schedule, 
listing the outlets, switches, wire size, 
and fuse size of each circuit. 

Indicate the paths the wires for each cir- 
cuit will foliow. 

Obtain necessary equipment and tools. 

Organize local workers into installation 
crews. 

Install the main and circuit fuse sockets. 

Install the wiring and outlets for each 
circuit, including any underground circuits 
for pumps. 

Select the proper types and sizes of com- 
ponents for the service entrance. 

Install and connect the service entrance 
components. 

Install proper ground. 

Inspect installations for safety and com- 
@&ness, and correct any errors or omis- 

. 

FUNCTIONAL SKILLS: 

1. Recognize proper locations for switches; 
light, motor and appliance outlets; and 
service entrance components. 
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HOUSE WIRING SYSTEM (cont.) 

2. 

3. 

4. 

5. 

6. 

7. 

a. 

9. 

10. 

11. 

Communicate with property owners to determine 
their needs, desires and restrictions. 

Recall and perform proper techniques for in- 
stallation of house wiring, service entrance, 
and ground. 

Recall and perform method of installation of 
a motor outlet. 

Recall and perform methods for installation 
of a pump. 

Recognize best paths for wiring to follow. 

Modify normally used procedures to fit local 
customs and construction techniques without 
sacrificing safe practices. 

Given the load requirements, be able to spec- 
ify equipment type and size. 

Identify and correct any unsafe practices. 

Splice and solder wires. 

Prepare job descriptions for the local work- 
ers, and provide the necessary training and 
supervision. 

TERMINAL PERFORMANCE TESTS: 

1. For a given house, sketch a layout, and indi- 
cate suitable locations for switches, out- 
lets, and service entrance components; pre- 
pare a circuit schedule, and a list of the 
types and sizes of service entrance compon- 
ents. 

2. Given examples of typical locally constructed 
houses, select the necessary tools and mater- 
ials, install the wiring and service entrance 
for each type of construction. 

3. Given examples of wiring practices, identify 
and correct any unsafe practices. 

4. Identify the jobs for which local workers 
may be used, and list the skills that must 
be taught for each job. 

5. Install an electric water pump, given a water 
=wPl~~ a pump, and necessary tools. 



DESIGN 20 INSTALLATION 

E;‘bSE WRING 

CONDUCTOR SIZES 

The current that a given ocni?uctor can carry depends upon its size. 
larger the diameter of a wire, 

The 
the greater'the current that it can carry. 

Wire and cable come in varyinc sizes 
higher the number, 

I and these s?'zes are numbered. The 
the smalle! ,the wire and the less current it will carry 

without excessive voltage dro:. or fire hazard. The word ampacity means 
the maximum current a wire shotrld carry. The following chart gives the 
ampacities of various sized copper conductors in normal use. 

Wire Size Ampacity in amps. i 

14 

ii 
a 

4" 
2 

:, 
00 

000 
0000 

15 

;: 
40 

7": 

1:: 
125 
145 
165 
195 

For specific ampacity of a wis 
ifications. 

in a specific case check manufacturer spec- 

requirements. 
Also check the losal electrical code to see if it has stricter 

The size of a particular wire should be marked on the cable. 
It can be measured with a wire gauge. 
The widths of the openings on the 

A wire gauge is shown in Fig. 3.1. 

numbers are opposite the openings. 
rim correspond to diameters of wires whose 
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CONDUCTOR INSULATION 

All conductors used for residential wiring must be insulated. There are 
several types of insulation in standard use. The most comnon is thermo- 
plastic insulation, which is called "Type-T". "Type-R" means a rubber 
or rubber compound insulation. The letters W or H following the type, 
indicate moisture resistant or heat resistant insulations and can be used 
in wet or hotter thaa usual locations. Thus Type-RW or fype-TW can be 
used in wet locations; Type-THW or Type-RHW can be used in hot and wet 
locations; etc. 

CABLES 

For many purposes it is desirable to have two or more wires grouped to- 
gether in the form of a cable. This is easy to install, especially when 
used to wire a building that was completed before the wiring is installed, 
for the cable lends itself well to being fished through wall spaces. 

All wires are marked with the size of the conductor and the type letters 
indicating its insulation. A cable made up of two size 14 conductors, 
is marked 14-2, or one with three size i2 conductors is marked 12-3, etc. 
The insulation type is marked on the conductor insulation and the cable 
type is marked on the cable sheath. 

Fig. 3.2 

NON-METALLIC SHEATHED CABLE 

This cable consists of two or three Type-T or Type-R wires bundled 
together fn afLOUter mxfer.It costs less than other types of cable, 
is light in weight and very simple to install; no special tools are 
needed. There are two types, they are called Type-NM and Type-NMC. 
The first is for use in dry locations and the second is enclosed in 
a plastic sheath and is suitable for use in wet locations. 

ARMORED CABLE 

This type of cable is commonly called BX cable. It is two or three 
conductors of Type-T or Type-R sheathed in a spiral galvanized armor, 
and called Type-ACT or Type-AC respectively. The armored cable can 
be used in most any iocaltion that is not considered damp, There is 
no armored cable for use in wet locations. In such locations the 
use of a lead shielded cable similar to Type-NM in construction is 
used. 
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UNDERGROUND CABLE 

There are two types of underground cable, Type-UF and Type-USE. These 
types are for underground feeders and underground service entrances. 
There are Type-UF cables that also meet the requirements for Type-NM. 
These will be marked UF-NMC. 

There are many other types of cable, Suited to specialty uses. These 
are described in the references. 

COLORING OF CONDUCTORS 

Conductors, separate and in cables, come in various colors, and there is 
a purpose for this. 
wire in wiring. 

Only white wire may be used for the grounded neutral 
White wire may be used when ungrounded only for feeding 

power to switches when cable is being used. Other wires may be any color 
except white or green. They occur in the following combinations: 

P-conductor White, Black, 
3-conductor White, Black; Red 
4-conductor White, Black, Red, Blue 
5-conductor White, Black, Red, Blue, Yellow 

WIRE HANDLING TECHNIQUES 

INSULATION STRIPPING 

To connect a cable or wire in a circuit the insulation at the ends of 
the wire must be removed. A hacksaw is used to cut the armor on Type- 
AC cable. The cut is made diagonally across the sheath, cutting just 
one section of the spiral. The armor is then twisted off the end. 
To rotect the conductors from the sharp edges a fiber bushing is in- 
sta led between the wires and the sheathing. Type-NM cable requires r 

cable should have about 8 inches 
Id be taken not to hurt the con- 

used to remove the insulation from 
nicking the conductor. 

a knife to remove the sheathing. A 
of sheathing removed, but care shou 
ductor insulation. A knife is then 
the ends of the conductors, without 

SPLICING 

Two wires can be connected together using a splice. The most common 
splice is the Western Union splice shown in Fig. 3.3. It makes a good 
electrical contact and is strong mechanically. 

Fig. 3.3 



A tap splice is used to connect one wire in the middle of another, as 
shown in Fig. 3.4. 

Fig. 3.4 

SOLDERING 

Soldering is the bonding of two conductors together with molten solder. 
This makes a low resistance path for current. The steps in soldering 
ami: 

1. Clean the wires to be soldered. 
2. Splice the wires;. 
3. Clean the finisned splice. 
4. Heat the splice; until the wires will melt the solder. 
5. Apply the solder, allowing it to melt and flow through the 

splice. 
6. ReAleve the heat and allow the splice to cool. 

This procedure allows the solder to make a chemical bond with each of 
the wires. This bonding operation will be hindered if the wires or the 
soldering iron are not clean. Many solders contain a flux which pre- 
pares the wires for the bonding. Only the rosin flux should be used 
for electrical wiring, as the others tend to corrode the connection. 
The best solder for electrical connections if 60% tin--40% lead, rosin 
core solder. 

Right 

Wrong 

Fig. 3.5 

TAPING 

Splices should be taped after soldering to insulate the conductor. 
Plastic tapes are readily available and are the best to use for this 
purpose. The tape should be wound around the wire diagonally and pro- 
gress down the splice. This should be repeated in the other direction, 
and back and forth until the taped splice is the same diameter as the 
wire. 



Fig. 3.6 

SCREW TERMINALS 

Most switches, outlets, fuse holders, circuit breakers and appliance 
plugs have screw tenninal connections. The connection of a wire to 
a screw terminal is shown in Fig. 3.7. The loop should be formed in 
the wire before it is placed around the screw. When the loop is plac- 
ed around the screw it should be placed so that the tightening of the 
screw tends to close the loop, rather than open ft. 

RIGHT WRONG 
hmbrtrbn cl&? h 

RIGHT WRONG 

Fig. 3.7 

SOLDERLESS CONNECTORS 

There are many types of connectors for joining wires that do not re- 
quire soldering. These all depend upon pressure between the wires to 
insure a good electrical contact. It is difficult to heat the larger 
sizes of wire, and this nukes soldering diffidult or entirely impossi- 
ble. On larger sites of wire soideriess connectors must be used. 
Fig. 3.8 and Fig. 3.9 show several types of solderless connectors. 

IILCmnector instolled 

IEC- CmDlCled COmwclton 
of?er tnsulalinq pm1 
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Fig. 3.9 

TYPES OF SERVICE 

There are several typts of service that can be supplied to a consumer 
from the distribution >r secondary lines of the system. They are: 

1. 3 wire three phase (delta connection) 
2. 4 wire three phase (wye connection) 
3. 3 wire single phase 
4. 2 wire single phase 

The three wire three phase service is rarely used as it provides only one 
voltage. The 4 wire three phase service provides three phase power at 
208V. and also provides 120 V. single phase power. When three phase power 
is to be provided, a 4 wire service is usually the most practical. To ob- 
tain this from the three wire distribution lines, three transformers are 
used. The primaries of these transformers are connected fn delta, and the 
secondaries of the transformers are connected in wye, with the neutral wire 
grounded. 

Three wire single phase service is the basic single phase service. It is 
obtained from the distribution lines using one transformer as illustrated 
in Fig. .3.10. . -.-..--.- -. -- --_. .- . . . _ __ _ ___- --._ -. 
____?____- - 
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Fig 3.10 

The 3 wire service provides two voltages. When a building requires only 
the lower voltage and no expansion of service is anticipated a 2 wire 
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service can be installed using just the neutral and one of the single 
phase lines. In any service that uses a neutral line the neutral line 
must be grounded for safety. 

SERVICE ENTRANCE 

The term servlce entrance describes several pieces of equipment and their 
interconnection. The components of a service entrance are: 

1. The service drop 
2. The service insulators 
3. Thp. service head 
4. Th$ service entrance conductors 
5. Th*i meter 
6. The building entrance 
7. The main switch 
8. The main overcurrent protection 
9. The service ground 

THE SERVICE DROP 

The service drop is the connection of the house system to the distribu- 
tion system. This is done after the house installation fs completed 
and tested, and is performed with the main switch open. The connec- 
tion is made ta the distribution system by removing the insulation on 
the secondary wires and making a tap splice, using solderlcss connec- 
tors. The service drop conductors are secured to an insulator rack on 
the pole, and strung to the service drop insulators and then connected 
to the conductors entering the service head. The service head should 
either be higher than the service drop, or there should be drip loops 
to prevent water from entering the service head. 

SERVICE INSULATORS SERflICE HEAD 
Fig. 3.11 Fig 3.12 

THE SERVICE INSULATORS 

These insulators are for securing the service drop to the resfdence. 
They should be mounted high enough on the building to allow ten feet 



of clearance between the service drop and the ground. They should be 
mounted on a secure structure of the building or on a mast or pole 
installed for the purpose. - 

THE SERVICE HEAD 

This is a unit which is mounted on the top of the conduit or cable 
leading to the meter. Its purpose is to prevent rain from entering 
the conduit or cable. It should be mounted above the service insula- 
tors so that any rain will drip down the conductors and away from 
the service head. 

THE SERVICE ENTRANCE CONDUCTORS 

These include the cable from the service head, or the conductors i-n 
the conduit, to the meter and the conductors (in cable or conduit} 
from the meter to inside the building and to the main switch. They 
should be of large enough size to safely carry the current that the 
hcuse system will demand. Future expansions of the house loads 
should be considered when sizing these conductors so that the service 
entrance conductors will still be adequate after expansion. 

THE METER 

The meter should be supplied by the co-op. The meter must match the 
type of service being provided. If the service is just 220 V. then 
a meter for 220 V. should be used. If the service is for 220/440 il. 
then a 440 V. meter should be used. If the service is three phase, 
then a three phase meter must be provided. Most meters come with 
the wiring done internally and for connection all that is required is 
to connect the ungrounded lines in series through the connections to 
the meter, as in Fig. 3.13. 

Fig. 3.13 

THE BUILDING ENTRANCE 

Whether cable or conduit is used for the service conductors they must 
be sealed from the weather while outside of the building and at the 
entrance to the building, so that no rain cln enter,,, and possibly cause 
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shorting of the conductors at the main switch or panelbox. 

MAIN SWITCH 

There must be a main switch for the house system. It is necessary 
for disconnecting the system from the power when there is work to 
be done on the main fuse box or feeders of the system. This switch 
must be rated at the same ampacity as the service entrance conduc- 
tors. If knife switches are used, they must be installed so gravity 
will not tend to close them. 

,/I 
\ 

(3 
Right ! T;;T7 

q 
! 

Wrong 
I ! 

Fig. 3.14 

MAIN OVERCURRENT PROTECTION 

There must be fuses or circuit breakers in series with the ungrounded 
conductors of the service entrance, after passing through the main 
switch. Never fuse a grounded conductor, if that fuse should blow 
there would be no ground for the entire system and severe damage could 
result to the equipment of the house system. If circuit breakers are 
used for this function they may take the place of the main switch. 

THE SERVICE GROUND 

If there exists an underground water system, the installation of a 
system ground is easily accomplished, If there are pipes that extend 
underground for a distance greater than 10 feet, the system can be 
grounded by connecting the neutral wire at the main switch to this 
piping system. There should be jumpers over the pipe connections be- 
tween where this connection is made and where the pipe enters the 
ground. 

If there is no underground water system, then an electrode must'be 
driven into the ground for the purpose. This electrode can be a 
piece of galvanized water pipe or preferably a copper rod, of 3/4 in. 
or l/2 in. diameters respectively. This rod must extend at least 
8 feet into the ground. 

There should be no soldered joints anywhere in the service entrance 
or ground, because soldering of the larger conductors is a very tricky 
skill. Solderless pressure connections should be used instead. 
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EQUIPiiENT SPECIFICATION 

the rating of the service entrance components must be considered before 
installation. Determination of the total requirements of the house is 
covered later in this section. This determination will indicate the 
maximum current that will be supplied to the system. The components 
of the service entrance handle all of this current and must be at least 
large enough to handle this maximum current. The conductors, main 
switch, and service ground pust be able to safely handle this maximum 
current. The main fuses should be chosen to protect the components of 
the service entrance which have the smallest ratings. 

SWITCHBOXES, FUSES AND CIRCUIT BREAKERS 

In any installation there must be a main disconnect switch. This is neces- 
sary to allow servicing of the installation without the danaer of shock. A 
switch box wilt allow for the disconnection of individual circuits so that 
they may be worked on with safety. 

Fuses or circuit breakers are required on any branch clrcu-it. They must 
be of a size no larger than the ampacity of the conductors of that branch. 
They are needed primarily as fire protection in case of overload or short 
circuiting. They also protect the installation itself, by disconnecting 
the circuit before it can become so hot as to start a fire or the voltage 
drop become so great that equipment is damaged. 

CONNECTION OF SWITCHBOXES ARB FUSEBOXES 

Switch boxes and fuse boxes are designed with a tommu buss for connect- 
ing all of the neutral or ground wires to. These wires must all be 
white. The fuse sockets, the circuit breakers, or switches must be 
connected in series on the "hot" lines only. NEVER fuse or switch a 
grounded or neutral conductor. 

J 

Fig. 
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ELECTRICAL SYSTEM LAYOUT 

Fig. 3.15 shows an example of a house layout sketch with the layout of the 
electrical system indicated. You will note that the switch connection is 
indicated by solid or dotted lines, this denotes wiring through the walls 
and ceiling, or beneath the floor respectively. Other connections are not 
indicated on the layout, but are indicated on the wiring schedule. F,lg. 3.16 
shows the symbols used in house layout 

0 G Eiecectric Outlet: for we only when cbzlo ueed 
dona mighr be conhued witb columq 
plumbing rymbok, etc 

0 + Fan OdtIw 
0 4 Junction Box 
Q * Lamp Holder 
0 -0 kp Holder witb Pull Switch 
ama _Q- Pull Switch 

0-Q Oln!et for vapor Digs kp 
Lit Lighi O&t 
Clock outlet &eeify Vollrgo). 

s 
s2 

SS 
SA 
SO 
SC 
%I 
S? 
%a 
SVCU 
SUC 
SRC 
SW 
SF 

CONVENIENCE OUTLETS 
Duplex Convenieaw Outlet 
Convenience Outiet o&r thnn Duplex 
l=Single. 3 =Triplmr, ate 
Wdlwproof coIJvaaienca OUlla 
Rwlgo Ourk 
Switch and Convenience Outlet 
Wo and Convenience Outlet 
SpeciJ Purpoea Outlet (Der in Spcc) 
Ftaor Oudw 

SWITCH OUTLETS 
Single Pole Switch 
Double Pole Sritcb 
T&m Wny Switch 
Four WAY Switch 
Automrtio Door Switch 
Ekctdiw Switch 
Key Opereted Switch 
Switch and Pilot Lamp 
Circuit Breaker 
Ww~herproof Circuit Breaker 
Momentary Contact Switch 
Rcmole Control Switch 
Weatherproof Switch 
Fused Switch 
Weatherproof Fused. Switch 

plans. 

SP’ECIAL OUTaX 

o&khcsfm 
Any standard symbol ao given rbms with the 

.tddition of a lower case eubrri t letter may 
e&b&c be used to designate soma apeeiaf variation 01 

s&Q,& standard equipment of particular interest in a 
specific ~1 of archilecturai lans. 

When used they must be rstcd in the Key of I! 
Symbols on each drawing and if nsessary fur- 
ther described in the specifications. 

PANELS, CIRCUITS, AND MISCELLANEOUS 
Ip Lighting PAfld 

m Power Penel 
- Branch Circuit; Concealed in Ceiling or Wall 
-I- Branch Circuit; Concealed in Floor 
-- Branch Circuit; Exposed 
- Home Run to Panel Board. Indicate number of cfrmtib 

by number of l rrow~. 
Note: Any circuit witbout further designatfoa indi. 
c~ttr n two-wire circuit For a greater number of 
wires indicete as followe: -# (3 wires) 
7P+ (4 wiro!d, etc. 

- Fmedcra Nolo: Ure heavy lines and designate by num- 
ber corresponding to listing in Feeder Schedule. 

n Underfloor Duct and Junction Box. Triple System. 
Note: For double or single systenu eliminate one or 
two lines. This symbol is equally adaptable to auxili. 
rry system lnyouta. 

@ Generator 

Fit eErn.n, 
@ Power Transformer (Or drew to scale.) 

m Conlmller 

Cy Isolating Switch 

Fig. 3.16 
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LIGHTING OUTLETS 

It is difficult to specify required locations for lighting outlets. 
There are many ways to light a room. In general, each room or area 
should be given a source of general lighting. This might be a ceiling 
fixture, several wall fixtures, or a continuous strip. In a living 
room or similar area the general lighting may be provided by portable 
units, floor and table lamps, etc., In each room, the general lighting 
source should be provided with control by a wall switch at the main 
entrances to the room. This could be done using split outlets l'n a 
living room area , where the top of each double outlet is switched and 
the lower has power straight from the feeders. Connnon sense is the 
best guide for the location of lighting outlets. Consider the activ- 
ities that take plate in a room and decide if these require special 
lighting. For example, in a bedroom, light would, be needed near a 
mirror, preferably on both sides, in a bathroom or kitchen over the 
sink; or in a closet where stored material must be identified. Wall 
light outlets are usually located 63 inches above the floor 

LOCATION OF SPECIAL PURPOSE OUTLETS 

There will be areas where there is a need for a special outlet to 
operate a particular appliance or machine. These should be installed 
at tw&cation of the machine and meet the requirements of the ma- 
chine 

LOCATIUN OF SERVICE ENTRANCE 

The ideal location for a fusebox is near the center of the house, be- 
cause less wire is needed to run all the circuits. The service 
entrance should be located as close to this location as possible. The 

f---~- -~-~--- & switch and main fuses should be just inside of the entrance of 
the service conductors. If the circuit fuses are located more central- 
ly, then wire of size equal to the service conductors should be run 
from the main fuses to this panelbox. 

SAFETY 

In planning the location of the various components and circuits, remem- 
ber to avoid areas that would require installation in damp locations, 
or where the equipment or in,,,, c+-llation would be a hazard to the OCCU- 
pants. 

INSTALLATION 

JUNCTION BOXES 

All outlets are installed in metal junction boxes. These have knock 
out slugs, which allow for entrance of the cable. All junction boxes 
must be securely fastened to the galls or ceilings. They are secured 
with wood screws to the studs or some other secure structural support. 
After the junction boxes are installed, the cable is run to the boxes, 



SWITCHES 

SUITCH OPERATION 

A switch of any type is a device for the opening or closing of a clr- 
cult. Some switches operate between several conductors, others just 
two. The switching of any circuit must never allow interruption of a 
grounded or neutral wire (white). The white or neutral wfre always 
runs without interruptfan by a switch, fuse or other device, up to 
each Point where current is to be consumed. 

SINGLE POLE SWITCHES 

When it Is desfred to control a light or group of lights, an outlet 
or group of outlets, from one switching point a sfngle pole switch 
Is used. It is wired in serfes with the ungrounded (black) wire 
feeding the load. If there are to be several loads controlled by 
thfr one swftch, the switch is in series with the parallel connected 
loads. (Fig. 3.17) 

Fig. 3.17 

Often it is desired to operate one lfg 
continuous current to an outlet further along the same circuit. 
Fig, 3.18 illustrates such 
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Fig. 3.18 
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THREE-WAY SWITCHES 

When it is desired to operate a load (or several in parallel) from 
two switch locations a three-way switch is used. The wiring is 
illustrated in Fig. 3.19. It must be remembered that this wiring 
must not interrupt the grounded or neutral (white) wire, from the 
source. Thus the wiring involves only the "hot" wire, (black). Note 
that in Figs. 3.17, 3.18, and 3.19 that although a white wire is run 
to the switch, it is an extension of the "hot" wire (black). 

II At%- \ WUITF 

Fig. 3.19 

FOUR-WAY SWITCHES 

Four-way switches are used with two three-way switches to control a 
load (or several loads in parallel) from more than two locations. A 
four-way switch is pictured below: 

Fig. 3.20 
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Fig. 3.21 

Note that the white or grounded wire always connects directly to the 
load, with one exception. The exception is using cable in switch 
loops where cable runs to the switches. In this case the black wire 
must be used between the switch and the load, the white wire between 
the branch feeder nire and the switch. . 

COMPONENT LOCATION 

LOCATION OF CONVENIENCE OUTLETS 

Outlets are normally located about 12" above the floor level. They 
should be placed near (2 or 3 feet) corners of rooms rather than in 
the center of the wall to lessen the chance that they will be blocked 
by large pieces of furniture. They also should be installed at loca- 
tions where there is an expected demand. 

LOCATION OF WALL SWITCHES 

Wall switches should be installed about 48" above the floor level on 
the latch side of the doorway, within the same room as the lights it 
controls. 

MULTIPLE SWITCH CONTROL 

Any room or area with more than one entry should have multiple switch 
control, i.e. using 3-way and possibly 4-way switches. There should 
be a switch at each entrance. 
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the fastener attached to the cable and the cable and fastener connect- 
ed to the box. The cable is prepared for wiring to the outlet or 
switch by removing about six inches of the outer covering from the 
cable and removing about 3/4 in. of insulation from each conductor. 
Then the fastening clamp is attached at the paint where the outer 
cover ends. If there is a grounding wire in the cable, it should 
always be connected to the junction box. 

OUTLETS 

Lighting and appliance outlets are manufactured with a color coding 
There are two screw terminals for the attachment of the conductors. 
One screw is a whitish colored nickle, and the other is the standard 
brass color. The ground or neutral wire (always white) is connected 
to the whitish colored screw. The "hot" wire, which should usually 
be black, is connected to the brass screw. If there is a third, green 
connecting screw, this should be connected to the grounding wire of 
the cable, or to the junction box, which has been grounded. 

SWITCHES 

Switches are not cola, coded at the connecting terminals, because 
they are always connected in series with the "hot" lines. Therefore 
the terminals on a switch are brass. Switches and outlets art? connect- 
ed, installed in the box, and covered with a plate that protects the 
consumer from contact with any of the conductors. 

SPLICES 

All splices made on the cables must be placed in junction boxes. 
This prevents the possibility of the splice being pulled apart, since 
the cables are securely fastened to the box. Any connections that 
are not made to the terminals of a switch, outlet or lamp fixture 
must be taped or otherwise insulated. 

DROP CORDS 

When wiring a drop cord ceiling outlet, an underwriters knot should 
be tied in the cord to prevent pulling on the connections. This knot 
should also be used when wiring any plug for an appliance. 

Fig. 3.22 
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"NEW" AND "OLD" WORK 

"New" work is the installation of a system in a house while under'con- 
struction. "Old" work is the installation of a system in a completed 
house. Most of the work that will be encountered in the electrification 
project will be "old" work. Any concealed wiring will have to be in- 
stalled in covered over areas. If allowable, surface wiring techniques 
will be most economical. This requires the use of Type NM or Type NMC 
cables, surface raceway, surface conduit, or open knob and tube work. 

NM OR NMC SURFACE WIRING 

With mst any wood frame, or similar construction, the installation of 
surface NM type cable is a matter of securing the cable to the wood 
supports of the house. Care must be taken in running the cable .. 
to protect it from damage, that is to keep it flush against the sur- 
face and avoid areas that will subject it to injury. This is done with 
straps, or staples, leaving the insulation unharmed. There should 
be a strap or staple every 3 feet and within 12 inches of a box. 

OPEN KNOB AND TUBE WORK 

Knob and tube work is very little used today. It has been almost 
entirely replaced by non-metalic sheathed cable. It is a wirins 
system using only single insulated conductors, which are run on the 
surface and supported by insulating knobs or cleats and when passing 
through holes in walls or studs, are enclosed in insulated tubes. 
These knobs and tubes are usually porcelain. This method is only 
practical when insulators and single conductors are economically 
available, while cable is prohibitive in price. 

SURFACE RACEWAYS 

Although this method is seldom seen in residences, it is a very useful 
method of protecting wiring done on the surface. A raceway consists 
of two pieces, one that Is fastened securely to the wall and the other 
snaps on like a cover. The number of conductors that may be run 
through a raceway depends upon its size. 

ARMORED CABLE ( METAL CLAD CABLE ) 

Type-AC or Type MC cable can also be used for surface wiring, and 
allows for good protection of the conductors from physical damage. 
It is secured by staples or straps, in such a way as to avoid damage 
to the sheathing. It cannot be used in damp locations. The type that 
is useable in damp or other destructive situations, has a lead 
sheathing just inside the spiral armor. It is called Type ACL. 

GENERAL 

For all of these wiring methods, metal boxes are required for mounting 
the switches, outlets, lamp sockets, etc. Any splicing of wire must 
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be done in a metal box and not in the raceways, conduits or in the 
open, except for knob and tube work where there must be support 
within 12" on both sides of the splice or tap, and the splice must 
be taped. 

CONCEALED OLD WIRING 

Old wiring that is concealed requires much extra effort in the in- 
stallation. Holes must be carefully cut in the walls for the in- 
stallation of the outlet boxes, and wires or cables must be fished 
through the spaces in the walls. Extra holes have to be drilled 
to allow for the cables to pass through hidden obstructions. The 
techniques required for concealed old work are described fn: 
Richter, Chapter 22. '_ 

MOTORS 

MOTOR SELECTION 

Motors are not rated in watts as are other electrical loads, they 
are rated in horsepower. This is because motors consume electrical 
power in proportion to the amount of power they are delivering, The 
horsepower stamped on the nameplate of a motor is the power it will 
deliver continuously over long periods of time. A motor can deliver 
more than this for short periods but will burn out if overloaded 
continuously. For example, a l-horsepower motor consumes 1,000 watts 
while delivering the horsepower for which it was designed, in this 
case 1-hp. 

All motors consume more power while starting than while running. 
Starting draws considerably more current than is drawn when running 
at rated horsepower. A 1-hp motor requires four times the running 
current for starting. 

The speed of most motors is not easily adjustable. A SO-cycle motor 
theoretically runs at 1,500 rpm, but when delivering its rated horse- 
power will run closer to 1,450 rpm. A belt and pulley drive, is the 
most practical way to obtain the desired speed. 

Motors are marked with a temperature rating. This indicates the 
amount the motor will heat up above the room temperature, when oper- 
ating at its rated horsepower. If a motor were operating in a room 
with the temperature lOOoF and the motor had a rating of 40°C (PF!, 
the motor would operate at a temperature of 172OF. Although th-is 
would seem very hot to the touch it would cause no danger for the 
motor. 
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There are various motors for various applications. The following 
items should be considered in choosing a particular motor for a 
particular application. 

1. The voltage rating of the motor and the voltages available 
(the higher the voltage, the less current is required and 
the smaller the conductors needed for service). 

2. The horsepower needed for the machine being operated (if 
it continually requires l-hp and just for brief periods 
requires higher, then a 1-hp motor would be appropriate. 
If it would continually draw 1 l/P-hp then a larger motor 
[l 1/2=hp, ideally] would be needed). 

3. How hard the machine being operated starts. (If it starts 
easily a split phase motor could be used, if it is harder 
starting a condenser or R-I motor may be needed). 

4. The starting current required. (Less required current 
means smaller conductors). 

The most comr#rn types of single phase motors are: 

Split Phase Motors 
Capacitor Motors 
Repulsion-start, Induction-Run Motors (R-I motors) 

They are listed above in order of price, the split-phase type of 
motor is least expensive for a given horsepower. However8 it cannot 
start heavy loads, and it requires the largest starting current for 
a given horsepower. The R-I type motor can start very heavy loads 
and requires less starting current than any other type of single 
phase motor, but it is more costly. 

Three phase motors cost less to purchase ano to operate than any 
other type. They are also much simpler in design, break down less 
frequently and are simpler to repair. This should be considered when 
deciding to supply a building, that will have motors, with single or 
with three phase power. Consult with the Engineer in charge of your 
project for advice as to which is bes% in a particular situation. 

MOTOR INSTALLATION 

There are three considerations for any motor installation. 

1. There must be overcurrent protection. 
2. There must be a disconnecting switch. 
3. The size of the conductors supplying the motor must be large 

enough to handle the starting current. 

Overcurrent protection is provided by units that will shut the motor 
off if a high current is consumed for longer than is safe. These 
units are placed close to the motor and usually incorporate the start 
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and stop controls. A separate disconnect switch must be installed 
to disconnect power from this equipment and the motor, so that serv- 
icing can be done without danger. 

PUMP INSTALLATION 

When electrical power is available pumps are conveniently operated 
by motors. The installation is exactly similar to the installation 
of a motor for other purposes. The motor may be located at a dis- 
tance from the control unit. In such cases a remote control circuit 
may be used. It may be an automatic starting unit, which will allow 
for the motor operation when the water supply is low. For all these 
situations the basic safety procedures must still -be followed. There 
must be a disconnect switch that disconnects the motor and its con- 
troller from the power source. There must be overcurrent protection 
for the motor. The conductors feeding the motor and control must be 
sized correctly depending upon the maximum current and the length of 
the conductors. As mentioned in the lesson on wire types, if a pump 
installation requires an underground run of cable Type UF or Type USE 
must be used. 1 

CIRCUIT DESIGN 

When designating which of the outlets in a plan should be connected to the 
same circuit there are several factors to consider. The main factor is 
the size of the loads connected to each outlet. Then consider the total 
load that is on a circuit. An attempt should be made to have the circuits 
share the total load of the house, There are other aspects to consider. 
Outlets in one area of the house will take less wire if they are all wired 
on the same circuit. The references offer many more considerations for 
specific situations. A large appliance may require a circuit of its own, 
with no other outlets on it. In a kitchen area there will be a larger 
demand from high wattage appliances, so a kitchen should have at least 
one circuit for appliances only, perhaps two. An electric range would be 
independently supplied. If the lighting is placed-on the same circuit 
there is a ready indication when a fuse does blow due to overloading. 

CIRCUIT SCHEDULE 

The sample of the following page is one possible circuit schedule. The 
important parts of any circuit schedule are: 

1. Indication of what outlets are on each circuit. 
2. Indication of what circuit each outlet is on. 
3. Estimated load for each circuit. 
4. Total load for the house. 

If the system consists of two or more buildings, all powered from the 
same meter, there must be separate disconnect and fusing for each building, 
if there is more than one circuit in each building. 



No. 
CIRCUIT SCHEDULE 

for 

Owner's name and address 

Circuit G!: 

Circuit 83: 

Cfrcuit #4: 

Location Type of outlet Circuit No. 

it Wattage 
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SAFETY CONSIDERATIONS 

Safety must be considered in the design of circuits. After completing 
the dssign, check to see that no circuit draws more current than the wire 
size can carry. Make sure that the fuse for each circuit is no larger in 
size than the rating of the circuit's wires. Check the specification of 
each outlet, switch, and other components to see that they are not too 
large or too small. 

TOTAL LOAD REQUIREMENTS 

The total load requirements of a house or compound system must be deter- 
mined before installation. The service entrance must be sized depending 
on the total load requirements. 

The total load of the house or compound can be divided into four areas: 
Lighting, Small Appliances, Heavy Appliances, Motors. 

LIGHTING 

To determine the total lighting requfrement<s, a formula can be used. 
Ailow 3 watts fo, each square foot of floor area, using the outside 
dimensions of the house. Thus a two story house which measures 
25 x.30 x 2 stories x 3 watts/sq. ft. = 4,500 watts. 

SMALL APPLIANCES . 

A small appliance is defined to be any appliance that does not have 
a circuit for it alone. Standard practice allows 3,000 watts for 
the total to be used by small appliances. 

HEAVY APPLIANCES 

This term includes any permanently installed equipment, water heater, 
dryer, farm equipment, heating, etc. The heavy appliances load is 
determined by adding the individual loads of each appliance. 

MOTORS 

For the purpose of determining the total load requirements for the 
motors in a home or compound, the following table should be used. 
This chart is designed only for determining approximate total load 
requirements, these figures allow for adequate service entrance am- 
pacity. Motors run using less wattage, these figures allow for start- 
ing and overload. 

HP 

l/6 
l/4 
l/3 
l/2 
3;4 

1 l/2 and higher 

EQUIVALENT LOAD 

450 
700 
850 

1,000 
1,350 
1,500 
1,20O/hp 
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NAMEPLATE IN'FORMATION 

All electrical devices haare a nameplate. On lamps and some other devices 
the nameplate is printed directly on the device. Most other devices have 
a small metal plate mounted on ft. Examples of nameplates are shown In 
Fig. 3.23 

Fig. 3.23 

' The translation of the motor nameplate data above is as follows: A l/2-hp 
motor to operate from a 115-volt 60-cycle AC single phase source, the full- 
load current is 7.5 amp and the full-load speed is 1,725 rpm. The model 
number is lE166A and the frame number is 562. It is a utility motor type 
and is rated for continuous operation with a normal temperature rise of 
50°C above room temperature. The service factor (SF) is the multiplier, 
indicating the amount of overload permitted for the motor (1.0 x l/2 hp = 
l/2 hp, no overload permitted). 
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TOTAL LOAD CALCULATION 

To find the total load requirements for the home, total the flgures for 
each of the four areas: Lighting, Small Appliances, Heavy Appliances, 
and Motors. 

CONSUMER EDUCATION 

When the project is near completion the consumers must be taught the use 
of electrical power. They must be educated about the nature of electricity, 
and the safety precautions that they must follow in their use of electricity. 

When electrical power was first introduced in many parts of rural USA there 
were many reactions. Some people didn't know that there were switches that 
could turn their lights on and off. Some thought if a lamp was mi-ssing from 
a socket, electricity must be running out all over themselves and the floor. 
A simple lesson in electricity explaining what a complete circuit.is, and 
that a break in the circuit causes no flow, but no waste would be helpful. 
It must be explained how to change fuses , why they blow and how to correct 
the situ&ion before t'ley are replaced. The safety that fuses provide, and 
the severe danger of pennies in fuse sockets must be stressed. If the co-op 
supplies the fuses freu, their use would be encouraged rather than their 
disuse. 
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HOUSE iJIRING 

LESSON NO. 1 

Exhibit various type and sizes of cable. 

Discuss and deecribe the construction, sizing, 

TOPIC 

uire Slzee 

Uire Types 

Cables 

marking and applications. 

INSTRUCTIONAL PROCEDURE 

Pas8 around various sizes of the same type 
of conductor. 

Discus8 how the size determines the smpacity 
of a conductor. 

Demonstrate the use of a tire gauge. 

Have trainees practice the use of a 
uire gauge by measuring the various sized 
semples. 

Pass around various types of cable. 

Discuss the construction, type and applica- 
tions ti each. 

Pass around short lengths of multiconductor 
cable. Discuss the construction snd the 
coloring of the individual conductors. 

Explain the markings on a cable. 

SUPPLEMENTAL MATERIALS / 
RELATED READING 

Richter, pp. 102-12. 

Flichter, pp. 87-101. 
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HOUSE WIRING 

LESSON NO. 2 

LESSON OBJECTIVE: Demonstrate methods of wire handling: 

stripping, splicing and soldering. 

TOPIC 

StriPPW 

5plicing 

INSTRUCTIONAL PROCEDURE 

Demonstrate how to saw the sheathing of 
armored cable, remove the cut sheathing and 
to insert a fiber bushing to protect the 
conductors. 

Have the trainees practice the removal of 
armored sheathing. 

Demonstrate how to cut away the sheathing of 
non-metallic cable without damsging the 
conductors. 

Demonstrate the stripping of the individual 
conductors with a Mfe. 

Have the trainees strip the sheathing‘and COI 
ductors of non-metallic cable. 

Demonstrate the geestern Union splice and 
the tap splice, and discuss when they 
uould'be used. 

Have the trainees practice making these 
splices. 

Discuss how and why joints are soldered. 

Demonstrate correct soldering techniques. 

List the important steps in soldering a 
connection. 

Have the trainees solder the splices they 
have just made. 

Demonstrate how to tape the finished splices. 

Have the trainees practice taping the 
splices that they have just soldered. 

SUPPLEMENTAL MATERIALS / 
RELATED READING 

Richter, pp. ll.3-27 
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TOPIC 

Screv Terminals 

solderleea 
COMOCtOr0 

-66- 

HOUSE WIRING 

LESSON NO. 3 

DerPonstrate methods of wire handUng: attachment to 

acrew terminals and splicing with solderlees connectors. 

iNSTRUCTtONAL PROCEDURE 

Demonstrate the forming of a wire for 
attachment to a screw terminal. 

Have the trainees practice these techniques. 

Pass around several type8 of aolderless 
connector8. 

Explain vhsn they should be used and demon- 
strate how to use them. 

Have the trainees practice the application 
of split sleeve connectors, pressure con- 
nectors, tap connectors, etc. 

Discuse when solderlees connectors need 
insulating tape. 

Demonstrate how to tape solderlsas 
connectors. 

Have the trainees practice the taping of 
the connections they have previouely made. 

SUPPLEMENTAL MATERIALS / 
RELATED READING 

Richter, pp. 113-15, 
X25-27. 

Cm, ppa 2-238-45. 
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HOUSE WIRING 

LESSON NO. L 

.‘%ON OBJECTIVE: 

TOPIC 

Types of Service 

Service Entrance 
Componlmts 

Specifications 

Grounding 

Define the components of a service entrance and 

demonstrate the methods for installation. 

INSTRUCTIONAL PROCEDURE 

Discuss the types of service that can be 
provided to a consumer. 

1. 2 wire, 1 phase 
2. 3 wire, 1 phase 
3. 3 tire, 3 phase 
4. 4 wire, 3 phase 

Define the components of a service entrance. 

Discuss the need for each. 

Have trainees lay out the components of a 
aervlce entrance snd Install them in the 
sample house. 

Demonstrate installation as the need arises. 

Discuss the choice of differently rated 
equipment. 

Discuss the size specifications for 
conductors, switches snd fuses. 

Review the need for grounding and list all 
other safety factors ilicluded in the 
installation of a service entrance. 

SUPPLEMENTAL MATERIALS / 
RELATED READING 

3ichter, pp. 262-86. 
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HOUSE WIRING 

LESSON NO. 5 

Explain how to interpret a home electrical 

system layout sketch. 

TOPIC 

ws 

INSTRUCTIONAL PROCEDURE 

Exhibit a layout sketch and a chart of 
symbol&l u 

pcPl& what each symbol represents. 

Explain how the sketch shows switch control 
and component locations. 

Through a series of questions, have trainees 
demonstrate ability to read layout sketches. 

. 

SUPPLEMENTAL MATERIALS, 
RELATED READING 

Richter, pp. 255-61. 
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HOUSE WIRING 

LESSON NO. 6 

LESSON OBJECTIVE: Discuss and illustrate the connection of 

suitches for control of various circuits. 

TOPIC 

Switch Connecti 

INSTRUCTIONAL PROCEDURE 

Discuss and illustrate the connection of 
switches for the follouing circuits: 

1. single switch control 
2. 2 switches to operate load 
3. 3 or more suitches to operate 

load. 

Demonsirate the connections for the above 
circuits. 

Discuss the connections with regard to the 
colors of the wires. 

Discuss the safety factors involved.. 

Stress that a grounded or neutral wire 
should never be switched. 

SUPPLEMENTAL MATERIALS 
RELATED READING 

Richter, pp. 287-314. 



HOUSE WIRING 

LESSON NO. 7 

LESSON OBJECTIVE: Discuss and indicate proper locations for 

home electrical system components. 

TOPIC 

System Component 
Locations 

INSTRUCTIONAL PROCEDURE 

Tour a sample house with properly located 
components. 

Have the trainees observe the locations of 
the various components. 

Have trainees prepare a set 01' guide lines 
for locating each type of component. 

List theguidelines for correct placement ofr 

1. switches 
2. light outlets 
3. appliance outlets 
4. motor outlets 
5. service entrance 
6. fuse box and distribution box 

Discuss the reasons for such placement while 
comparing this list to the trainees lists. 

Discuss safety factors that must be 
considered in choosing component locations. 

SUPPLEMENTAL MATERIALS/ 
RELATED READING 
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HOUSE WIRING 

LESSDN NO. 8 

Demonstrate installation of branch circuits: 

fuse installation, cable running, box installation. 

TOPIC 

Metal Box 
Installation 

INSTRUCTIONAL PROCEDURE 

Demonstrate method of securing Type-N% cahlc 
and describe how and where to run it to 
protect it from harm. 

Demonstrate securing of this cable with 
staples or straps. 

Demon& it8 installation of junction boxes 
snd outlet boxes in valls snd ceilings. 

Demonstrate attachment of clamps to cables 
and to boxes. 

Demonstrate installation of distribution 
fuse box and connection of circuits to the 
fUSeS. 

Have trainees install the branch circuits 
indicated on a layout sketch of the house. 

Demonstrate techniques for installation of 
circuits in houses of mud construction. 

Have trainees instell a circuit in a house of 
mud construction. 

WPPLEMENTAL MATERIALS 1 
RELATED READING 

Richter, pp. 356-87, 
pp. 157-9. 
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LESSON OBJECTIVE: 

TOPIC 

Outlet Installatio 

Ccmponent 
Specifications 

LESSON NO. 9 

Demonstrate installation of outlets: 

lighting, appliance, switches and special 

appliance outlets. 

INSTRUCTIONAL PROCEDURE 

Revieu connection to screw terminals. 

Discuss the instsllation of plug outlets, 
lamp sockets, suitches, into outlet boxes. 

Discuss installation specifications of 
outlets and switches, considerations for 
nigher voltage special appliance outlets 
snd other safety factors. 

Have trainees install the switches and outlet: 
indicated on the laycut sketch. 

SUPPLEMENTAL MATERIALS / 
RELATED READING 



LESSON OBJECTIVE: 

-73- 

HOUSE WIRING 

LESSON NO. 10 

Discuss installation of armored cable, 

corduits, raceuays and open wiring on 

insulators. 

TOPIC 

Armored Cable 

Knob and Tube 

conduit 

Raceway 

4 

INSTRUCTIONAL PROCEDURE 

Comptie armored cable installation to 
that of non-metallic cable. 

Describe and discuss the installation of 
open and concealed knob and tube work. 

Discuss the advantages of conduit installa- 
tions . 

Describe the different types of conduits 
and discuss how they are installed. 

Discuss how to fish wire through conduit. 

Describe snd discuss the installation of 
surface metal. raceways. 

Review the advantages and disadvantages 
of each wiring method. 

SUPPLEMENTAL MATERIALS / 
RELATED READING 

Richter, pp. 159-65. 

Carr, Sec. -9, pp. 9-17. 

Richter, pp. W-55. - 

Richter, pp. 472-74. 
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HOUSE WIRING 

LESSON NO. 11 

LESSON OBJECTIVE: 

TOPIC 

Mctor 
Installation 

Discuss the requirements of motor and 

pump instal3.ations. 

INSTRUCTIONAL PROCEDURE 
.- 

Discuss the requirements of a motor 
installation. 

1. Motor selection 
2. HP rating 
3. Feed conductor size 
4. Feed conductor fuse size 
5. Running ovepxrrent protection 
6. Disconnection switch 
7. Starter 
8. Mounting 

Discuss special considerations of a 
pump installation. 

1. Remote or automatic starting 
2. Underground wiring (perhaps) 
3. Motor selection 

Have trainees InstalJ. a pump and motor to 
operated by x=ote cantrolG 

Review the safety considerations cf a 
motor installation. 

SUPPLEMENTAL MATERIALS / 
RELATED READING 

Richter, pp. 238-52, 
PP. 497-526. 
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TOPtC 

Layout Sketching 

? 

-75- 

HOUSE WIRING 

LESSON NO. J.2 

Discuss the design of an electrical system 

and provide instruction for trainees sketching 

layouts of a house. 

INSTRUCTIONAL PROCEDURE 

Have trainees measure and sketch the layout 
of a house. 

Revieu the proper locations for components. 

Review the symbols used in laying out an 
electrical system on a layout sketch. 

Discuss safety requirements that must be 
considered when designing a house electrical 
system. 

Discuss with individual trainees plans that 
they propose for the house that they mapped. 

SUPPLEMENTAL MATERIALS / 
RELATED READING 
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HOUSE WIRING 

LESSON NO. I.3 

LESSON OBJECTIVE: Discuss circuit designation and preparation 

of a circuit schedule. 

TOPIC 

Circuit Schedule 
Preparation 

INSTRUCTIONAL PROCEDURE 

Discuss the factors that must be considered 
in the designation of circuits: 

1. conductix size 

:: 
fuse size 
economy 

4. convenience 
5. safety 

Discuss the elements of a circuit schedule 
and how each is used. 

Discuss individually with each traUe# the 
circuit schedule he has prepared from his 
system layout. 
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HOUSE WIRING 

LESSON NO. I& 

Discuss methods of determining the total load 

requirements for a house or compound. 

TOPIC 

Lighting 
Requirements 

Appliance 
Requirements 

INSTRUCTIONAL PROCEDURE 

Describe method of calculating the lighting 
requirements from the floor area of a house. 

Illustrate hov to determine the load 
requirements of small and large appliances 
by referring to the nameplate. 

Discuss motor power requirements and the 
interprttation of motor nameplates. 

Discuss with individual trainees their cal- 
culation of total power requirements for the 
system they planned. 

SUPPLEMENTAL MATERIALS / 
RELATED READING 

Richter, pp. 179403. 
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HOUSE WIRING 

LESSDN NO. 15 

LESSON OBJECTIVE: Discuss consumer education and techniques of 

instruction in proper usage. 

TOPIC INSTRUCTIONAL PROCEDURE 

Consumer Discuss common home owner safety practices 
end unsafe practices. 

Discuss the difficulties of introducing 
electricity to these local people. 

Identify instructional techniques that 
can be used with local villagers. 

-. 
SUPP’! EMENTAL MATERIALS / 

F:E’LATED READING -_ 
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SECTION 4 

DISTRIBUTION WIRING 

OVERVIEW: 

As in the previous section the emphasis of this section is doing. The 
PCTs will be digging pole holes, erecting the poles, and stringing the 
lines for the sample distribution system. They will also install needed 
equipment such as transformers, fuses, and lightning arresters. ,_ 

In an effort to reduce the length of the training period it is recommended 
that the PCTs actually dig only one or two of the necessary holes for the 
poles and anchors. It is recommended that a professional crew be hired to 
dig the remaining holas with a truck mounted power auger. This operation 
would be observed by tie trainees and discussion of the methods used by 
the professional crew encouraged. The remainder of the installation should 
be handled by the PCTs. 

The design of the distribution system should be the responsibility of the 
engtneer in charge of the project. This section considers briefly the de- 
sign of the system, in order to give the PCTs needed background knowledge. 
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SECTION 4 POWER DISTRIBUTION SYSTEM 

OBJECTIVE: 

TASKS: 1. 

2. 

3, 

4. 

5. 

6. 

7. 

a. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

Plan and install a power distribution system. 

Identify the organization (co-op, government 
agency, etc.) that is initiating the program 
of electrification. 

Determine which people in that organization 
will assist with the project, and what type 
of support each will provide. 

Determine the population of the community to 
be served and project the growth of the 
coimnunity. 

Determine the electrical usage for the immediate 
system, and project the usage to five years.- 

Map the connnunity showing the elevations and 
contours of the area, and indicate exact loca- 
tions of the layout of the distribution system. 

From the map determine distance of power trans- 
mission and determine the preferred voltage of 
the transmission. 

Determine voltage ratings of available appliances, 
lights, etc., and the voltage ratings of power 
source and nearby systems. Using these *Facts as 
a guide, determine the preferred voltage to be 
supplied to the users. 

Determine transformer (perhaps none), fuse and 
lightning protection requirements. 

Determine wire type, size, and separation. 

Procure all necessary materials and tools. 

Stake out locations of poles. 

Erect needed poles. 

Mount crossarms, pins, and insulators. 

String, sag and secure line conductors. 

Install transformers, lightning arresters, and 
fuse protectors. 

Ground equipment and neutral lines. 
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POWER DISTRIBUTION SYSTEM (cont.) 

17. String secondary lines. 

18. Inspect for safety and completeness and cor- 
rect any errors or omissions. 

FUNCTIONAL SKILLS: 

1. Recall and perform proper techniques for fram- 
ing, transporting, erecting, setting and guy- 
ing poles. 

2. Recognize suitable existing supports for dis- 
tribution lines. 

3. Recall and perform proper techniques for:- 
hoisting and installing crossarms, transform- 
ers and other pole equipment. 

4. Using surveying instruments, determine exact 
location and measurements of points, eleva- 
tions, lines and contours. 

5. Identify and correct any unsafe practices. 

TERMINAL PERFORMANCE TESTS: 

1. List the components of a distribution system. 

2. Given a map of a community, the population, the 
power needs and the expected growth of the com- 
munity, plan a power distribution system which 
includes: a layout of the system on the map; a 
listing of voltages for the different parts of 
the system; a description of wire types and sizes; 
trablsformer requirements; fuse requirements; and 
grounding requirements. 

3. In a field test, choose and prepare suitable trees 
for power poles. 

4. Given a power distribution system, identify and 
correct any unsafe practices or conditions. 

5. Prepare lesson plans for teaching local workers 
to assist with installation of distribution system. 

6. Prepare a map of a small rural community, using 
surveying insturments. 

7. Install a sample distribution system which includes 
all components that may be used in a system. 
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DESIGN AND INSTALLATION 

DISTRIUUTICIN WIRING 

MAP MAKING 

The followiny describes the construction of serviceable maps using a plane 
table. Such maps are valuable for village layout plans, and planning the 
route of distribution lines. 

Tue following tools and materials are needed: 

Plane table 
Paper 
Pencil 
Ruler 
Pins 
Tape measure (optional) 
Spirit level (optional) 

Lay out a one hundred foot interval on level ground, an uphill, and a down- 
hill slope. If only a foot ruler is available, this may be used to mark 
out three or four feet on a stick, and this stick in turn used to measure 
the 100 feet. Being careful to work normally, the map maker then determines 
the number of paces over the 100 foot interval for each slope. By division, 
it is then possible to find a number of feet in an average pace or uphill, 
level, and downhill slopes. 

The next step is to decide on a scale for the map. This is determined by 
judging the longest distance to be mapped and the size of the map desired, 
It should be noted that the map does not have to be made on a single sheet 
of paper but can be splice< together when completed. As an example, if one 
wanted a map 2 l/2 feet long to portray an area whose major distance is l/2 
mile, 2640 feet, then a scale of 100 feet to the inch would be convenient. 

Paper should be placed on the plane table and the plane table oriented on or 
near some principal feature of the map, that is, a path, road, creek, street, 
etc. A pin should then be placed vertically in the spot on the finished map 
where this location is desired. The plane table should be made level - by 
use of a spirit level, if available. The table should be rotated to a prop- 
er orientation, that is, so that the direction will appear on the finished 
map in the desired way. Now sight.along the first pin to another principal 
feature which is visible from the table location (a bend in the road, a hill 
or any feature that will tie the map together), moving the second pin into 
the line of sight. A ruler may be used for this purpose if it has a sighting 
edge or even a couple of pins stuck into it. how draw a line in tile direc- 
tion defined by the two pins. Measure the distance to the feature observed 
either by pacing or with a tape. Scale this distance along the line drawn, 
starting at the initial pin. Repeat this process for other principal fea- 
tures which may be seen from this location. When this has been done move 
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the table to one of the points just plotted, selecting one which will enable 
you to move over the territory in a convenient fashion. For example, follow 
a lane or creek or some feature which ties things together. Set up the plane 
table over this point and reorient the table. Do this by putting pins into 
the map at the present and previous locations. Next rotate the table so that 
the pins line up with the previous location. This procedure in fact locates 
the line joining the two locations on the map in the same direction as the 
line exists in nature. Again from this new location map in the desired fea- 
tures which can be conveniently sighted. 

In this way the entire region to be mapped may be covered in a systematic 
way. If gaps appear or if more detail is needed, you may go back and set 
up over some mapped feature , reorient the map by sighting on a second fea- 
ture, and proceed to map in the detail. 

Fig. 4.1 

An alternate procedure may be used in mapping features which are not going 
to be used as plane table locations in the mapping process. This involves 
drawing a line in the direction of each feature from two plane table loca- 
tions. The intersection of these two lines corresponding to a single fea- 
ture locates the feature on the map. As a result thfs avoids the necessity 
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for measuring distances. Note, however, that it is impossible to avoid 
measuring the distances between plane table locations. 

If a spirit level is available, it is possible to level the plane table 
accurately, and using a ruler or other sighting device, relative elevatfw 
may be plotted on the map. A stick about six or eiqht feet lonq should be 
marked off in inches, and the person holding the stick vertically can, by 
moving his finger, identify to the person sighting, the distance up from 
the ground through which the line of sight passes. 

A topographic map is a means of illustrating, through the use of contour 
lines, the shape of the ground surface. Many other kinds of numerical gee- 
physical and geological data also lend themselves to the contouring method 
of expression. This exercise involves the determination of qround relief 
(topography) from points whose elevations above sea level are known. 
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Fig. 4.2 

The method is called "contouring from spot elevations'. The $:?ta might 
have been obtained by surveying with a plane table, although w3ern topo- 
graphic maps are made much more easily and accurately by the stereoscopic 
plotting of airphoto information. 
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A set of rules and hints in topographic contouring are: 

1. All points lying on a contour are of the same elevation above (or 
below) mean sea level which is taken as the reference horizon. How- 
ever, one contour need not satisfy all the points of equal elevation; 
eg. adjacent hilltops of similar remf might require separate, closed 
contours each showing comparable levels. Some contours may be cut by 
the edges of the map and appear,to be discontinuous but if the map be 
madd large enough every contour eventually closes on itself, becoming 
continuous. 

2. With rare exceptions, the contour interval is constant for the map 
ar a 
t rs. 
m p so that the vertical dimension of the contoured surface has iden- 

i 

and is defined as the vertical distance between successive con- 
The contour interval is stated as part of the scale of the 

t ty. l&foot, ZO-foot, 50-foot and lOO-foot intervals are common. 
The interval is selected to best show the shape of the surface at the 
desired horizontal scale without requfrfng an unnecessary, unreadable 
number of lines. The relief of the area to be mapped also influences 
the choice of the contour interval. 

3. Contours do not c,'oss. Such a situation would illustrate an impossible 
ground surface shape. Contours are closely spaced on steep slopes, and 
distantly spaced on gentle slcpes. 

4. Closed depression contours are hachured (See Fig. 4.2) on the lower 
side. They are used when all points within-the line are below the 
level of the line. Obviously they are only required to showepres- 
sions which are completely surrounded by high ground. Gullies and 
river valleys are not illustrated by depression contours. A depres- 
sion contour takes its value from that of the lowest, topographically 
adjacent regular contour. 

5. In contouring gullies and valleys, the contours vee in the upstream 
direction. Be careful to confine the stream to the lowest part of its 
valley by passing the stream through the notch of the vee. 

Fig. 4.3 

Contours are broken where numbering is necessary, to improve read- 
ability. 
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6. The use of some degree of "artistic license" is recommended in con- 
touring. Do not attempt to just satisfy the point data. Try to 
make the trend of a contour reflect the trend of its neighboring con- 
tours. 

SELECTING THE ROUTE 

The first step to be taken in the design or construction of any electric 
power line is to survey and map the country over which the line is to pass. 

With the map completed, the following principles should be used as guides 
in selecting the exact route: 

1. Select the Shortest Route Practicable. The shortest line naturally 
is the cheapest, other things being equal. ._ 

2. Parallel Highways as Much as Possible. This makes the line .readily 
accessible both for construction and for inspection and maintenance. 

3. Follow Property Lines. This causes less damage to farmers'property 
and crops and often prevents leqal squabbles. 

4. Route in Direction of Possible Future Loads. If there is possibil- 
ity of addinq future loads. the route selected should be as close 
as-possible to the locations which will require electricity in the 
future. 

5. Avoid Crossinq Hills, Ridctes, Swamps, and Bottom Lands. Lightning 
and storms are likely to hit lines on bills and rtdqes. 
may affect lines in swamps and bottom lands. 

Floods 

CLEARING THE ROUTE OF THE LINE 

Practically all lines will cross through some brush or timberlands. A line 
built in such terrain must have its route cleared before construction can 
be started. In clearing the route, all stumps should be cut low. All logs 
and brush should be cleared away for ten feet on either side of the pole 
line to make room for assembling and erecting poles and stringina wires. 
All dead limbs and branches near this cleared pole line should be cut down 
because a high wind may blow them into the line. Brush kfllinn sprays may 
be sprayed on the base of shrubs and small trees to a heiqht of 12 to 15 
inches above ground. 

LOCATING POLE POSITIONS 

In locating poles, the following general principles should be kept in mind: 

1. Select high places (avoid lowlands, swamps, etc.) 

2. Keep "spans" uniform in length. 
poles . 

("Spans" are the distances between 
This prevents the weight of the wire on one side from 

pulling the pole over). 

3. Locate to give horizontal grade. (See Figure 4.4) 
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Locate the poles on knolls or high places* so that shorter poles can be 
used to maintain the proper ground clearance at the middle of the span, 
(The ground clearance should be at least 18 ft. at middle of span). Avoid 
ravines and low places where the footing is bad. 

In rolling country, the location should take :-into account the grading of 
the line. A well-graded line does not have any abrupt change, either up or 
down. The permissible difference in level between adjacent line poles is 
usually limited to 5 or 10 ft. This eliminates the necessity of using guys 
to counteract the strain of the different levels of line conductors. A 
difference of 5 ft. is allowed on spans of 150 ft., and 10 ft. on spans of 
250 to 300 ft. 

Fig. 4.4 

Special attention should be glven to the location of poles where the 
ground washes badly. Poles should not be placed along the edges of cuts 
or embankments or along the banks of creeks or streams. When it becomes 
necessary to set poles on the edge of a cut, the pole should be set deep 
enough to protect the line in case the bank washes or crumbles away. 

After the exact pole positions have been fixed, drive a stake to indicate 
the center of the pole. 

CHOOSING THE POLE 

A pole or line support is sim 
ground. Overhead electric 1 

? 
It is safer to keep electric 1’ 
roads and houses can be built 
electric wire above ground is 
ground. 

ly a device to keep electric lines off the 
nes are desirable for a number of reasons. 
ines out of the hands of untrained people and 
beneath them. Any type of structure that keeps 
better than running the wire directly on the 



irable to 

ive). 
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The following list gives line support materials from the most des 
the least desirable: 

1. A 20 ft. standard wood pole (treated with wood Preservat 

2. A 20 ft. length of 4' x 4" lumber. 

3. The corner of a building - wire mounted 12 ft. above ground, 

4. A metal pole properly grounded (steel, aluminum, etc.). 

5. A living tree. 

Tree limbs falling into overhead wires cause the majority of low voltage 
power interruptions. For this reason do not use trees as line supports. 
If living trees must be used, trim the tree extensively almost to the'point 
of stripping the tree to the trunk. Do not use a dead tree because it is 
very likely to be weak and rotten. 

POLE HAULING 

Poles can be hauled in several ways. They can be supported several feet 
below the mid point by a trailer, then towed behind a truck or jeep by se- 
curing the top of the pole to the vehicle. For shorter hauls a "timber 
hitch" (Fig. 4.5) can be tied around the butt of the pole and tie the rope 
to the yoke of an ox team, or a jeep. 

Fig. 4.5 

POLE PREPARATION 

The typical electric pole consists of high voltage wire supported on cross- 
arms and low voltage wire mounted on racks of insulators below the cross- 
arms. (Fig. 4.6) 
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TRIMMING 

Trimming is required if the pole is in an unprepared state. Trimming 
is the stripping off of all the bark and knots till flush with the 
Rtrdn boay of the pole. 

Roofing is the cutting of an angle on the top of the pole so that water, 
or perhaps snow or ice, will not collect on the top, thus preventing 
decay. In Fig. 4.7 there are several examples of roofs. Roofing is 
unnecessary if the entire pole is treated with wood preservative such 
as creosote. 

Fig. 4.7 

GAINING 

Gaining is the notching of a pole so that a crossarm or other piece of 
hardware will mount flush against the pole.' 

PRESERVATIVE 

A pole will last much longer if it is treated with a preservative. 
This will protect it from rot, and termites. The section of the pole 
that will be under ground level must be painted with a wood preserva- 
tive. Ideally the whole pole should be so painted. 

Before a pole is erected as much preparation as possible should be done. 
The work is much much easier to do on the ground with firm footing than 
it is in the air, after the pole has been erected. The preparations should 
include: 

trimming 

roofing 

gaining 

boring of all needed holes for bolts, 

painting with preservative 

mounting all close fitting equipment, i.e. insulator racks, 
guy wire bolts, etc. 



-go- 

ERECTING AND SETTING POLES 

DIGGING THE POLE HOLE 

The diameter of the hole is determined by the size of the large end 
of the pole. The hole should be large enough to allow plenty of space 
on each side of the butt of the pole for tamping the soil back into 
the hole. This requires at least 3 in. all a.*ound the butt. The 
diameter of the hole should be fairly uniform from top t? Sottom, How 
deep the hole should be is determined by the length of t?e pole and by 
the holding power of the soil or earth. The recommended depths of 
setting in soil and rock are given in Table 4.1 for various pole lengths 
from 20 to 50 ft. 

Table 4.1 Recommended Pole-Setting Depths in Soil and Rock for 
Various Lengths of Wood Poles 

Length of Setting Depth 
Pole, ft. In soil, ft. 

20 5 
Fl :.5 
35 6 
t: 6 6.5 

50 7 

RAISING THE POLE (Pike Method) 

Setting Depth 
in rock, ft. 

is 
3:5 
4 
4 

t:: \ 

The piking method is the oldest method of raising poles. It gets its 
name from the so-called "pike pole" used by the men raising the line 
pole. A pike pole is a long pole with a steel soike on the end of the 
pole. A "jenny"', a sort of heavy shaft with a IJ on the top end, is 
also used to support the pole 

Jenny Cant Hook 
Fig. 4.8 



-91- 

A "piking" crew always has one man at the butt of the pole and one man 
at the "jenny" -- a "jennyman." The number of "pikers" depends upon 
the length and the weight of the line pole to be raised. Table 4.2 
gives recommended crew sizes. 

Table 4.2 Average Size of Crew Required to Raise Poles of Different Lengths 
I 

Pjle length, No. of No. of men at No. of Size of 
/ft. Jennymen butt of pole Pikers Crew 

f i ; ; i 2 
35 

; 
7 

c- 40 ; 2. 8 

The first step in raising a pole using the piking method is to lay 
the butt end of the pole over the hole against a bump board or bar 
which rests on the bottom of the hole and extends over the top, as 
shown in Fig. 4.9. The board or bar protects the walls of the hole 
and prevents them from being caved in by the butt of the pole as the 
pole is raised. 

Fig. 4.9 

In the second step the pole is raised by hand and placed on the 
pole support. The pole support, or jenny, is essentially a heavy 
tree limb with a fork in the small end. The main duty of the man 
at the butt is to keep the pole from rolling. This is done by 
means of a cant-hook--See Figure 4.10. 

Fig. 4.10 
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In the third step the men stand side by side on either side of the 
top end of the pole. They then lift the top end of the pole as hl"gh 
as they can while the jennyman slides the jenny toward the butt. The 
jennyman supports the pole between lifts. In this manner they move 
along the pole until the pole is high enough to require the use of 
pikes. 

The fourth step is to punch the pikes into the pole and prepare to 
raise the pole. As the pole is raised, the man carries the jenny 
forward always ready to support the pole if need be. The raising 
continues until "high pike" is called by one of the men. This means 
that the top of the pole is so high that he can no longer push it 
with his pike pole. The jennyman then sets the jenny to support the 
pole and while the other pike men hold it steady, first the man near- 
est the butt releases his pike and steps forward for a fresh lift 
closer to the butt. The other pike men follow in order and when all 
are ready they lift once again. 
until it drops into the hole. 

The pole is raised in this manner 

Fig. 4.11 

POLE SETTING 

When setting the pole after it has slid into the hole there are sev- 
eral things to keep in mind. First the pole should be faced. This 
is turning the pole with the cant hook, until the gains or the insu- 
lator racks are lined up facing the direction of the lines that will 
pass through them, 

The pole should then be straightened, or plumbed. This is to adjust 
the pole with the pikes until it is in a vertical position. This is 
done by the piking crew with a "foreman" standing away and giving 
directions. Once the pole is plumb the butts of the pikes should be 
jammed into the ground so that they support the pole without assist- 
ance. 
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Then the pole is ready to have the hole filled. In some soils there 
will be a need for cribbing as in Fig. 4.12. It cannot be stressed 
too much that the fill shoveled back in the hole must be well tamped, 
This is pounding down of the fill with rods until it is very hard 
packed. There should not be any soil left over if enough tamping is 
don?. 

‘&s *=* shlltJ 

Fig. 4.12 
- %n+ 

Many utility accidents and fatalities are caused by linemen falling 
from line poles. With this as a preface, we can now discuss the 
proper way to climb a rine pole. Climbing a line pole is extremely 
dangerous and the use of a ladder is much more desirable for the nov- 
ice electric lineman. The ladder should be so placed that the djstance 
from the base of the pole to the bottom of the ladder is J/3 the dis- 
tance from the base of the pole to the top of the ladder. (See Fig. 
4.13). Before working on the pole from the top of the ladder, the 
ladder should be tied securely to the pole. 

Fig. 4.13 

Teaching the techniques of climbing poles with a pair of "climuers" 
is beuond the scope of this manual. (instructor's Note: If these 
techniques are deemed necessary to the PCVs training, iocal utility 
personnel should be contacted and brought in to teach these techniques.) 
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GUYING THE.POLE 

Guys should be used whenever there is stress on a pole that tends to pull 
it out of line. 

Dead ends or corners should be guyed as the weight of the lines will tend 
to pull the pole over. Guys should also be used at a road or railroad 
crossing. "Crossarms" may need guying if there is an unbalanced pull on 
them. Examples of these are shown in Figs. 4.14.-4.19/ 
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Guy wire installed on a distribution line to counterbalance 
the pull of the "dead-ended" distribution wires. (Side view). 
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Fig. 4.15 
Wire guy installed on a terminal or end pole. (Top view). 
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Fig. 4.16 
Guy installed at angle in line. 
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Fig. 43 
Guying a corner pole 
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Fig. 4.fif 
Guying to strengthen pole line installed on steep grade. 
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There are four steps in the installation of a guy: 

1. Digging in the anchor 

2. Inserting the insulators 

3. Fastening the guy to the pole 

4. Tightening the guy and fastening to the anchor 

DIGGING IN THE ANCHOR 

There are several types of anchors, some are illustrated in Fig. 4.20. 

NOI less than be, p-rAppvx6in. v . . . . . . . . *. 2.. 1. 

NEVERCREEP ANCHOR 

“” ,/I-. EVERSTICK ANCHOR 

SWAMP ANCHOR 

/ 

Additional sections of pipe 
might be necessary to reach 
adepth giving the required 
holding power 

size of .Uinimum die- 
pole. turce from 

ft pale, It 

30 and 40 
45 and 50 
Xi and 60 

_ 
I 15 

20 B 
25 C 

Fig. 4.20 

Materin 

Description 

12” x 4’ - W’ log 
Anchor rod 
Anchor-rod waeher 
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The most economical anchor when labor is inexpensive is the log type 
anchor. It is also the most effective anchor. Its installation will 
be described here. The installation of the others is explained in 
Kurtt's Handbook. 

A trench is dug a minimum of 4 feet deep. After having a hole bored 
in the log to pass the anchor rod through, the log is laid in the 
trench. The anchor rod is driven through the ground at the proper 
angle, and is secured through the log with a washer and nut. The 
trench is then filled and well tamped. 

INSERTING THE INSULATORS 

Insulators must be installed in a guy whenever there is the possibility 
of live wires falling and coming in contact with a guy. The insulator 
should be placed to insulate that portion of the guy from ground.- The 
two sections of guy are looped through the separate parts of the insu- 
lator and the ends clamped to the guys. 

FASTENING THE GUY TO THE POLE 

The easiest method is to bore a hole for a bolt in the poje at the 
point the guy is to be attached. Loop the guy wire through the eye 
of an eye bolt and clamp the end to the guy. Then install this eye 
bolt through the pole. There are other pieces of hardware available 
for fastening a guy to a pole. 

TIGHTENING THE GUY AND FASTENING TO THE ANCHOR 

A wire grip is used with a block and tackle to pull the guy taut. The 
guy is tightened until the pole is pulled over slightly toward the 
WY* Then when the line conductors are strung later the pole will 
stand erect under the combined strain of the guy and the line. Once 
taut, the guy is looped through the anchor rod and clamped. 

Fig. 4.21 
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JOINING LINE CONDUCTORS 

Line joints can be divided in three classes: 

1) Splices. 

2) Sleeve joints. 

3) Compression joints. 

Small-sized copper wires can be spliced, but the larger sizes of copper 
wire are usually joined by means of splicing sleeves or iomprss;ion joints. 

MAKING A SPLICE JOINT 

In the case of covered wires, the two ends of the wires to be spliced 
should be scraped perfectly clean and free from insulation. The &res 
should be cleaned until they are bright. After the conductors are 
cleaned, they should be placed together until approximately 8 to 12 
in. of the ends overlap each other for the smaller sizes and 12 to 
18 in. for sixes No. 4 and larger (See Fig. 4.22) 

It is easier to make a good splice If a clamp is used to hold the 
wires in place prior to twisting. 

Fig. 4.22 

Table 4.3 

Size of Wire 

No. 8 - NO. 6 
No. 4 - No. 2 

No. 10 
1: 
18 
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MAKING A SLEEVE JOINT 

The best way to make a joint in medium-size conductors is by means of 
the so-called "splicing sleeve." It is a special connection that en, 
sures good electrical and mechanical joints. The sleeve itself is a 
piece of single or double tubing. (Fig. 4.23) 

To make a sleeve joint, the ends of.the wires should be scraped clean 
and bright. They are then inserted, one in each tube if a double 
tube is used, from opposite ends so as to lie side by side, The ends 
of the wires should proiect several inches beyond the ends of the 
sleeve. The ends of the sleeve are then grasped by two sleeve clamps 
or twisters. (See Fig. 4.24) The next operation consists in giving 
the conductors three and one-half or four turns. The twisting should 
be done from both ends. Sleeves should always'be made of the same 
kind of material as the conductor they are to be used with. In mdk- 
ing sleeve joints in iron wires, the sleeve should be tinned iron; 

Fig. 4.23 

Fig. 4.24 

MAKING A COMPRESSION JOINT 

A compression joint also makes use of a. sleeve. Instead of twisting 
the sleeve, however, the sleeve is compressed with great force onto 
the conductor. This great force is brought about by the use of a 
hand-operated compression tool modeled after a bolt-cutter. The use 
of a die in compression makes the sleeve grip the conductor firmly. 
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To make a compression joint: 

:: 

:* 
5: 

Clean the conductor ends thoroughly. 
Match the site of splicing sleeve to the size of the conductor. 
Match the die number to the sleeve number. 
Center the conductor ends in the sleeve. 
The specified number of indents must be made. [Not Explained] 

Although the compression joint is one of the best electrical joints, 
the compression tool is a rather expensive piece of equipment. 

STRINGING THE WIRE 

When wire is installed on electric poles, all the wirC is installed at one 
time. That is, if 3 conductors are to be put up, all three are put up at 
the same time. A truck with the three spools of wire loaded on the rear. 
end is used to pay out the distribution wires. The spools of wire are set 
up on the truck and unwind as the truck moves along. 

In stringing wires on rack mounted insulators, the conductors are unreeled 
and passed through the rack. When the desired number of pole spans have 
been laid in place, the conductors are drawn UD and tied to the insulators. 
As many as 10.spans can be 
lar "Western Union" tie is 
tors are to be tied to the 
is also used. 

drawn up at one time in this manner. The regu- 
generally used (See Fig. 4.25). If the conduc- 
outside of the insulator, the Western Union tle 

Fig. 4.25 

In turning corners and at angles in the line, the position of the line 
wires on the insulators will be determined by the direction of the strain. 
They should always be so placed that the conductor is pulled against the 
insulator and not away from it. Fig. 4.25 illustrates the correct posi- 
tions for corner and angle construction. 
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When a section of wire is strung to the last pole OF a pole line, the 
section of wire is "dead-ended" on that last pole. Fig. 4.27 shows a 
dead-ended pole. 

Fig. 4.26 

Fig. 4.27 

SAGGING LINE CONDUCTORS 

The line conductors expand in hot weather and contract in cold weather, 
so there should be some slack, or sag, between poles. The conductors 
should be sagged in accordance with the sag chart applying to the partic- 
ular conductor used, the length of the span and the temperature prevailing. 
The sag should be adjusted in the middle span in short sections of line of 
five spans or less and at two or more spans in longer sections. Sagging 
is done just prior to tying the line conductors to the individual insula- 
tors or insulator bracket. Conductors can be sagged correctly only when 
the tension is the same in each span throughout the entire length. 

A simple and accurate method of measuring the sag is by the 
placed on the poles below the insulators, as shown in Fig. 4 

use of 
.28. 

targets 

Fig. 4.28 
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TABLE 4.4 SAGS FOR HARD - AND MEDIUM - DRAWN COVERED 
COPPER WIRE FOR DIFFERENT SPAN LENGTHS 

D 

00 

0000 

90 

30 

60 

90 

30 

60 

90 

30 

60 

90 

14 19.5 27 30 35 46 68 

7 11 17.5 19.5 21.5 30 46 

10 15 22 24 27 36 54 

14 19.5 27 31 33 43 62 

7 11 17 19 21 2f 40 

10 15 22 24 26 33 48 

14 19.5 27 30 32 40 56 

7 11 17 ia 19 23.5 33 

10 15 22 23 24 29 40 

13.5 19.5 27 29 30 35 47 
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The targets may be a light strip of wood like a lath nailed to the 
pole at a distance below the conductor resting on the insulator equal 
to the desired sag. The lineman sights from one lath to the next. The 
tension on the conductor is then reduced or increesed until the lowest 
part of the conductor in the span coincides with the lineman's line of 
sight. The recommended sag for cooper conductors is obtained from 
Table 4.4 for the particcia.z soal: iength, conductor size and temper- 
ature prevailing. 

TRANSFORMER INSTALLATION 

MOUNTING TtiflSFORMERS ON THE POLE 

Most transformers are fastened directly to the pole with bolts that 
run through the pole. When more than one large transformer must be 
used at a single location, a platform should be constructed to hqld 
their weight. The hoisting of the transformers is done by means of 
block and tackle. One set of blocks is supported at the top of the 
pole, and the other is hitched to a rope fastened to the transformer 
itself. The pulling line runs through a snatch block tied to the pole 
near the ground. With the transformer hoisted to the proper position 
on the pole, it i: then bolted to the pole, or a bracket is installed 
on the pole and th! transformer is attached to the bracket. The method 
installation depends on the design of the transformer itself. 

4&Q v - 

22O/llO 

FLlBe 

Fig. 4.29 

CONNECTING THE TRANSFORMER TO THE LINE 

Figure 4.29 shows how a transformer is mounted on the pole and con- 
nected to the lines. 

Notice that a ground rod is driven at the base of the pole, and a 
ground wire is run up to the low voltage side (220 volt side) of the 
transformer. This is done to "ground" the transformer itself and also 
to provide a ground wire to run into the individual buildings. This 
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ground rod should be a S/8" x 6 ft. long copper rod driven into solid 
ground until it is driven completely below ground level. The earth 
around the top of the ground rod is then removed so that six inches 
of rod is exposed. A wire clamp is then installed on the rod and the 
ground wire (running up the pole) is attached with this clamp to the 
ground rod. This ground wire should be no smaller than #2 wire. The 
rod is then recovered with earth. 

Fuses should be installed in the high voltage wires (440 volts) running 
down to the transformer to protect the transformer and the rest of the 
distribution system in case of electrical trouble. Selecting the prop- 
er fuses size is covered in the preceding chapter. A type of fuse used 
by many electric utilities is shown in Fig. 4.30, 

When the fuse link blows only the link needs to be replaced at very 
low cost. 

From the low voltage side of the transformer, wire is run to an insu- 
lator bracket mounted on a "crossarm" below the transformer. "Service 
drops" are then attached to these low voltage wires near the bracket 
and are then run into the buildings or houses. "Service c;,*ops" con- 
sist of two insulated wires wrapped around a bare "messenger wire". 
This type of wire is called self-supporting service drop cable. This 
bare wire is used to support the two insulated wires and also serves 
as the ground wire to the building. 

Fig. 4.30 
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DISTRIDUTION WIRING 

LESSON NO. 1 

Exhibit maps and discuss their interpreation. 
Demonstrate and assist trainees in mapmaking. 
Discuss the criteria used for selecting proper 

routes for distribution lines. 

INSTRUCTIONAL PROCEDURE 

mbit topological maps and layout maps 
of small regions. 

Indicate the various symbols used and 
discuss their meaning. 

Illustrate other symbols that might be used 
that do not appear on these maps. 

Discuss the use of contour lines on a 
topographic map to indicate elevation. 

Demonstrate the use of a plane table to 
make maps. 

Have trainees use a plane table to map the 
area around the sample system. 

With a topographic map discuss the 
selection of a route for the distribution 
lines to follow. 

From the above discussion, list the 
principles of route selection. 

Mark the map of the local area with the 
route of the sample system to be 
constructed. 

SUPPLEMENTAL MATERIALS / 
RELATED READING 

lavis Rr Kelly, Elementary 
?lane Survevinq. 

Iurtz, Section 9, pp. l-2. 



LESSON OBJECTIVE: 

TOPIC 

Clearance 
Distances 

Techniques 
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DISTRIBUTION WIRING 

LESSON NO. 2 

Discuss the need and demonstrate the techniques 

for clearing brush and trimming trees along the 

route of the distribution lines. 

lNSTRUCTlONAL PROCEDURE 

List the hwards associated with improper 
clearance distances. 

Discuss and list the correct clearance 
distances around a distribution tine. 

Demonstrate the techniques for trimming 
trees and clearing brush. 

Describe the correct shaping of trees. 

Discuss safety measures that must be 
followed when trimming trees. 

Have trainees clear the route for the 
sample system. 

SUPPLEMENTAL MATERIALS / 
RELATED READING 

Kurtz, Sec. 9, pp. 2-6. 

Kurta, Sec. 35. 



LESSON OBJECTIVE: 
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DISTRIBUTION WIRING 

LESSON NO. 3 

Describe and demcnstrate methods for correct 

stsking of pole locations along the route. 

TOPIC 

Pole Placement 

INSTRUCTIONAL PROCEDURE 

Discuss the considerations in pole placement: 

Grading 
Soil conditions 
Span length 
Ground clearance 

Have trainees stake out the pole positions 
of the sample system. 

SUPPLEMENTAL MATERIALS / 
RELATED READING 

Kurtz, Sec. 9, pp. 7-10. 
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LESSON OBJECTIVE: 

TOPIC 

Pole Selection 

Pole Transport 

Pole Preparation 

DISTRIBUTION WIRING 

LESSON NO. 4 

Discuss selection and preparation of poles. 

INSTRUCTIONAL PROCEDURE 

Discuss criteria used in selecting poles 
or other supports for distribution lines. 

Demonstrate methods of hauling a pole. 

Have trainees select and haul. poles to stake 
locations. 

Discuss the preparations that must be made 
on a pole before erection. 

Have trainees prepare the poles for erection. 

i 

SUPPLEMENTAL MATERIALS / 
RELATED READING 

Kurtz, Sec. 10. 



LESSON OBJECTIVE: 

TOPIC 

Hole Digging 

Pole Erection 

Pole Setting 
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DISTRIBDTION WIRING 

LESSON NO. 5 

Describe and demonstrate method of digging pole 

holes, erecting and setting of poles. 

INSTRUCTIONAL PROCEDURE 

Discuss the depth that hole should be dug 
depending upon the pole length, soil type 
and pole use. 

Describe the shovel and spoon method and the 
hand auger method of digging pole holes. 

Have the trainees dig two holes for the 
sample rpatem, using each method. 

Discuss ti observe a professional crew with 
a power auger as they dig the additional 
holes needed for the sample system, includiq 
those needed to install anchors for guys. 

Discuss additional techniques which might 
be needed if digging were to be done in sand: 
soil or other bed soil conditions. 

Describe the piking method of pole erection. 
Discuss the duties of each person ~=a the 
crew. 

Demon&rate how to drive a pike to insure 
a firm hold. 

Demonstrate the use of a cant hook and the 
use of 8 jenny. 

Point out how theee methods insure the 
safety of the crewman. 

Have treineee erect the poles for the sample 
system.. 

ya sedescribe the steps in the setting 
. 

SUPPLEMENTAL MATERIALS 7 
RELATED READING 

Kurtz, Sec. Xl., pp. 1-9. 

Kurts, Sec. 11, pp. 9-19. 

Kurtz, Sec. 11, pp. 19~ 
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DISTRIBUTION WIRING 
Lesson No. 5 (continued) 

Pole Setting 
(continued) 

Describe additional procedures needed in 
saudy soil or where there are lateral 
stresses. 

Stress the importance of correct tamping 
and demonstrate the correct tamping 
techniques. 

Describe the procedures for plumbing and 
lhing up a pole. 

Have trainees set the poles of the sample 
system. 



LESSON OBJECTIVE: 

TOPIC 

Pole Climbing 

Climbers 
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DISTRIBUTION WIRING 

LESSON NO. 6 

Demonstrate correct techniques for climbing poles. 

INSTRUCTIONAL PROCEDURE 

Describe and demonstrate how to place 
ladders for safe pole climbing. 

Show how to tie it to the pole. 

Stress the ssfety requirements of the 
ladder (angle snd the footing). 

Have tr; inees set, climb and secure ladders 
to Poles, correcting.any unsafe practices 
observed. 

Have a representative of the local power 
company instruct the trainees in the safe 
veer, use and maintenance of climbers. 

SUPPLEMENTAL MATERIALS; 
RELATED READING 

Kurtz, Sec. 45, p. 27. 

Kurt?, Sec. 43. 
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DISTRIBUTION MIRING 

LESSON NO,. 7 

LESSON OBJECTIVE: Demonstrate the proper methods and techniques 

for guying poles. 

TOPIC 

Pole Guying 

INSTRUCTIONAL PROCEDURE 

Discuss the need for guys on dead ends, turn 
and grades. 

Discuss the angle and orientation of the guy 
depending on the use of the pole. 

Describe and list the types of anchors and 
the installation of each. 

Have trainees dig the anchor holes, install 
the anchors and rods and fill and tamp the 
holes of the dead end of the sample system. 

Discuss the proper lengths and sizes for guy 
wires and demonstrate how to cut the wire. 

Have trainees cut the required guys to the 
proper lengths. 

Describe the instsllation of a guy, the 
connection to a thimble bolt on the pole, 
to the anchor rod and the need for insu- 
lators in the wire. 

Demonstrate how to apply tension to the 
guy and advise as the trainees finish the 
instsllation of the necessary guys far the 
sample system. 

~ Kurtz, Sec. 12. 
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LESSON OBJECTIVE: 

DISTRIBUTION WIRING 

LESSON NO. 8 

Demonstrate methods for stringing and 

joining line conductors. 

TOPIC 

Joining Line 
Conductors 

SM.43ing Lf.nes 

INSTRUCTIONAL PROCEDURE 

Review the Western Union splice from the 
house wiring section of this course. 

Demonstrate the use of tools for making a 
twisted sleeve joint. 

Have trainees practice making the twisted 
sleeve joints. 

Describe the steps to be followed when 
stringing line conductors: 

1. paying out the conductors 
2. joining or splicing as needed 

Describe how to pay out the line conductors. 

Have trainees pay out the line conductors 
for the sample system. 

SUPPLEMENTAL MATERIALS i 
RELATED READING 

Kurtz, Sec. 15. 

Kurtz, Sec. l.4. 
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DISTRIBUTION WIRING 

LESSON NO. 9 

LESSON OBJECTIVE: Demonstrate the methods for sagging 

line conductors. 

TOPIC INSTRUCTIONAL PROCEDURE 
SUPPLEMENTAL MATERIALS / 

RELATED READING 

Saggins Discuss the need for sagging line 
conductors. 

Kurtz, Sec. 16. 

Describe the proper methods of sagging 
line conductors using the sighting method. 

Triw In 

Discuss the use of tables for determining 
the proper amount of sag for a particular 
size of conductor. 

Demonstrate the Western Union method oi' 
tying a line conductor to an insulator. 

Demonstrate method of pulling up cables, 
determining sag and tying in. 

Have trainees sag and tie in the conductors 
of the sample sptem. 

Kurtz, Sec. 16, PP. 46-58 



LESSON OBJECTIVE: 

TOPIC 

Hoisting 

Transformer 
Mounting 

Connection 
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DISTRIRUTION WIRING 

LESSON NO. 10 

Demonstrate methods of hoisting and mounting grensformers. 

Describe steps to follow when connecting transformers. 

INSTRUCTIONAL PROCEDURE 

Discuss the use of hend lines and block 
end tackle. 

List the duties of each men and discuss his 
location during hoisting. 

Stress the safety requirements. 

Describe how a transformer is mounted on 
a pole. 

Have trainees hoist and install transformer 
the pole. 

Discuss the connection of a distribution 
transformer and the other equipment that 
must be installed: 

1. lightning arrester ' 
cutout fuses 

;I pole ground. 

SUPPLEMENTAL MATERIALS / 
RELATED READING 

Kurtz, Sec., 17. 

Kurtz, Set; 36, pe i. 
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DISTRIBUTION WIRING 

LESSON NO. 11 

LESSON OBJECTIVE: Demonstrate proper techniques used in the 

installation snd connection of ground electrodes, 

lightning arresters snd cutout fuses. 

TOPIC 

Ground Electrodes 

Lightning Arreste 

Cutout Fuses 

INSTRUCTIONAL PROCEDURE 

Review installation of a Qnsde electrode" 
from the house wiring section of this 
course. 

Have trainees install. grounding electrodes 
for the sample qystem. 

Describe the operation of a lightning 
arrester. 

Discuss methods of installing a lightning 
arrester and its connection to the 
distribution system. 

Discuss the methods of connecting a cutout 
fuse in a distribution system. 

Have trainees install lightning arresters, 
cutout fuses and connect distribution 
trsnsformers in the sample system. 

SUPPLEMENTAL MATERIALS / 
RELATED READING 

Kurta, Sec. 17, 
pp* u-30. 
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SECTION 5 

POWER SOURCE 

OVERVIEW: 

The design, installation, and operation of a generating plant is beyond 
the scope of this manual. This section describes briefly the connections 
of a distribution system to a power source. This section also covers the 
installation of a small power generator plant in an isolated location. 
The PCTs will Install a low power, gasoline driven generator and connect 
it to power the pump previously installed. 
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SECTION 5 POWER SOURCE 

OBJECTIVE: Arrange for connection of power distribution 
system to a power source and provide support 
for the technicians responsible for the con- 
nection. Install low power generators for 
isolated consumers. 

TASKS: 1. Discuss with the technicians the connection 
of the distribution system to the power 
source. Arrange for the connection. 

2. Prepare the system for connection to the 
power source as reconunended by the technicians. 

3. Provide any additional assistance that may be 
requested by the technicians making the con- 
nection. 

4. Install low power generators at isolated loca- 
tions. 

FUNCTIONAL SKILLS: 

. Describe the system's power requirements. 

2, Discuss considerations -of connection to a 
power source. 

TERMINAL PERFORMANCE TESTS: 

1. Install a low power gasoline generator to 
operate the pump previouly installed. Indi- 
cate the essential components needed for a 
safe connection to the load. 
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DESIGN AND INSTALLATION 

POWER SOURCE 

DISTRIBUTION SYSTEM POWER SOURCE 

There are two possible sources of power for a distribution system. The 
system can be powered directly from a generating plant, or the system 
can receive its operating voltage from a substation of a transmission 
system. The installation and operation of a generating plant for a dis- 
tribution system is beyond the scope of this manual. 

The attachment of a distribution system to a generating plant or d- sub- 
station is essentially the same. The connection should be made by' exten- 
sively trained personnel only. 

The trainee who has c*nstructed the distribution system needs to understanc 
the connection. The t gnsiderations are outlined below. These are not all 
of the considerations, they will be left for the trained personnel respon- 
sible for the connection. These considerations will give the trainee the 
necessary understanding of the task. 

SYSTEM POWER REQUIREMENTS 

The power source must be able to supply the power demanded by the sys- 
tem. Therefore the demand of the system must be considered before the 
connection is made. If the demand is greater than the power source 
can supply, either an additional power source must be obtained or the 
loads on the system reduced until the power required is less than or 
equal to the power supplied. 

CONNECTION 

There are two considerations to be considered in the connection of the 
power source. 

A. Disconnection 

The system must be able to disconnect from the power source. 
The system cannot be maintained in case of failure unless the 
power can be positively removed from the system, by use of a 
switch. 

B. Overcurrent Protection 

There must be overcurrent protection to protect the power 
source from the damage that would result if more current was 
demanded than could be delivered. Also there must be protec- 
tion of the distribution system so that it will be disconnec- 
ted if it tries to carry more current than it is des-igned to 
carry. 
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ISOLATED GENERATOR INSTALLATION 

An isolated generator is defined to be any 
generates his own electricity. 

FEASIBILITY 

installation where the owner 

There may be times when it is not feasible to construct the necessary 
distribution lines to supply power to a particular consumer. The con- 
sumer may have only modest power needs and be quite distant from other 
consumers. If the distribution lines were to pass a long distance 
through rugged country the construction and maintenence costs could 
be much higher than the cost of purchasing, installing and operating 
a low-powered generator to supply the needs of this consumer's compound. 

GENERATOR SELECTION 

The most common type of isolated generator produces AC power. Capac- 
ities are available from 400 to 100,000 watts. 

The generator should be selected to supply the same voltage at the 
same frequency as the power system that someday may be extended to 
supply this consumer. This selection has the advantages that ordi- 
nary appliances can be used and that if the system is extended to 
supply this compound no rewiring will be necessary, The generator 
must be chosen to supply the maximum load that will be required at 
any given time. It is wise to consider the future; perhaps a genera- 
tor with a larger capacity should be selected to allow for future 
growth. 

INSTALLATION 
i 
, The manufacturers of the generating plants supply full details for the 

installation. 

Location of Generator 

A generator must be located where the generator will be able to 
cool properly, so proper air circulation is a must. To avoid 
noise and fumes it is also convenfent to locate the generator 
away from the living areas of a compound. However, the genera- 
tor should be located close enough to the loads to keep voltage 
drops to a minimum, and the cost of conductors to a minimum. 

Mounting of the Generator 

A generatar and its engine must be mounted on a solid base. Usu- 
ally a concrete slab or similar base is used. This is to prevent 
vibratlons from damaging equipment. 

Grounding 

It is just as important to ground an isolated system as it is to 
ground a larger system. The generator case should be grounded 
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and one of the conductors for the system, should be grounded 

Metering 

Since the consumer owns his own generator he does not need to 
measure the energy that he supplies to himself. He will need to 
observe the voltage, frequency and current outputs from time to 
time to insure that the generator is.operating properly and if 
not to make the necessary adjustments. The needed meters will be 
built into the generator plant and full instructions will be 
found in the operating manual. 

Lightning Protection 

If there are any outdoor lines in the system the grounded line 
should be run above the others. It will still be necessary to .S 
install lightning arresters to protect the system and the genera- 
tor from any lightning strikes to the wires of the system. 

Overload Protection 

A generator can provide only a set amount of current. If more 
current is demanded than the generator can produce the generator 
may burn out. Therefore fuses or circuit breakers must be in- 
stalled to protect the generator from delivering more power than 
it is designed to supply. The compound system should still be 
installed as any other system, with its own fuses to protect the 
entire system and the parts of the system from overcurrent. 

Disconnection 

The generator will need to be shut down occasionally for routine 
maintenance. There must be a switch (or the circuit breakers) 
to disconnect the generator from the loads. This is a must, as 
the generator must have no load on it when it is started. It 
must be running properly before any load is applied. It is also 
best to disconnect the load before stopping the generator. 



LESSON OBJECTIVE: 

TOPIC 

System Power 
Requirements 
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POWEB souFGE 

LESSON NO. 1 

Discuss factors to be considered prior to the 

connection of a distribution system to a power source. 

INSTRUCTIONAL PROCEDURE 

Discuss how to calculate the pover 
requirements of the entire system snd the 
methods of matching these to the pouer 
source. 

SUPPLEMENTAL MATERIALS / 
RELATED READING 



LESSON OBJECTIVE: 
- 

TOPIC 

Definition 

Feaeibility 

Generator Selection 

lnstellation 
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POWER SOL!!2 

LESSON NO. 2 

Discuss the methods of installing an isolated 

generator for a single consumer system. 

INSTRUCTIONAL PROCEDURE 

Define the concept of an isolated generator. 

Disciiss the relative merits of an isolated 
generator versus the construction of 
distribution lines4 

Discuss the criteria used for selecting an 
appropriate generator for use in an isolated 
location. 

Discuss snd list the requirements of any 
generator installation. 

Have trainees install a 3,000 watt gasoline 
powered generator to supply the pump 
previously installed (see Section III, 
Lesson 11). 
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SECTION 6 

COST ANALYSIS 

OVERVIEW: 

It is beyond the scope of this manual to cover in detail the requirements 
of operating the financial aspects of a rural electrification program. It 
is assumed that there will be PCVs assigned to work with the electrification 
project, who have been extensively trained In Cooperative operation. They 
will be in charge of the financial aspects of the project.' They will how- 
ever need the support of the PCVs working on the installation for infonna- 
tion relating to the cost of the materials and labor. This section briefly 
describes the requirements that must be considered. 
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PLANNING REQUIREHENTS 

SECTION 6 PROJECT COST AKALYSIS 

OBJECTIVE: 

TASKS: 1. 

2. 

3. 

4. 

5. 

6. 

7. 

Prepare a report for the co-op, listing the 
total cost of installation and operation of 
an electrical system, the available funds, 
and the benefits to be derived from the sys- 
tem. 

List materials needed, obtain and list the 
cost of the materials. 

Determine the labor needed for installation 
and maintenance, obtain the labor rates, and 
list the labor costs. '- 

Determine the overhead costs (power costs, 
maintenance costs, repair costs, and admin- 
istrative costs). 

Calculate the total costs. 

Identify sources of income and.list the 
amounts coming from each. 

List the benefits to be derived from the 
system. 

Prepare a report using these lists. 

FUNCTIOMAL SKILLS : 

1. Prepare a statement defining material needs, 
labor needs, and overhead factors, for installa- 
tion and operation of an electrical system. 

2. State economic and social improvements usually 
possible with the existence of a power distri- 
bution system. 

TERM1 NAL PERFORMANCE TESTS: 

1. Given the design of a rural electrification 
system, labor rates, and materials prices; 
prepare a report presenting materials, over- 
head, and labor costs, availab?e funds and 
possible benefits to be derived by installing 
an electrical power distribution system. 

2. List possible sources of cost information. 
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PLANNING REQUIREMENTS 

COST ANALYSIS 

MATERIAL NEEDS 

The material needs of an electrification project can be divided into two 
categories. These are direct and indirect materials. Direct materials are 
those that are used directly in the system. These are the poles, the line 
conductors, the transformers, the meters, switches and boxes, etc. The 
indirect materials are those which are needed but are not a direct part of 
the system. These would include the tools needed to install the system, 
the friction tape or the solder, block and tackles, etc. 

LABOR NEEDS 

Labor needs are also divided into direct and indirect needs. The direct 
labor needs are the jobs that must be performed to build the system. These 
would include the erection of poles, stringing.of lines, installation of 
house wiring. The indirect labor needs are those which do not relate to 
specific parts of the system. These would include the storage of materials, 
the procurement of poles, the training of assistants, etc. : 

OVERHEAD 

The overhead costs of a project are those costs that are not due to a par- 
ticular part of the system. These are in part the operating costs. In- 
cluded in the overhead would be the labor and materials needed for main- 
tenance of the completed system, the administrative costs of the coopera- 
tive, the cost of the right of way for the lines, etc. 

MATERIAL COSTS 

Material costs are readily available, once a source of materials has been 
selected. Simply calculate the total cost including transportation using 
the quoted prices and the list of material needs. 

LABOR RATES 

The labor rates for an electrification project depend primarily on how the 
project is being run. If it is a coope*dative, all the partners of the co-op 
may pitch in to do the work and the labor rates would be zero. Perhaps the 
project is being sponsored by a government organization and one of the aims 
of the project is to employ the local people. Then the government might be 
subsidizing the project and the labor rates might be higher than otherwise. 

To obtain the labor rates will take an investigation of the organization of 
the projects. 



-127- 

OVERHEAD COSTS 

The determination of the total overhead costs will require a determination 
of an approximate cost for each overhead factor. Some will depend upon 
labor rates, others on material costs. Some on other fixed rates or costs, 
How to figure or obtain the cost will depend on the overhead factor. 

OVERALL PROJECT COSTS 

The overall project costs are calculated from the totals for each of the 
basic costs. It will be found that the project installation costs will 
generally break down as follows: 

Labor 25% 
Materials 70% 
Transportation 5% 

Major deviation from this break down should be examined and accepted only 
if the PCV can justify the deviations under the specific circumstances. 

FUND SOURCES 

There are three major areas where the funds needed for the project can be 
obtained; These areas are: 

1. Governmental 

2. Private Industry 

3. Cooperative 

The funding of the project will most likely be determined before your 
arrival on the scene. If not, it will most likely be in the hands of one 
or several PCV'S that have been trained in cooperative management or a 
similar area. Briefly, the types of funds that are available from each 
of these areas follow: 

Governmental 

This means that either the host country’s government is financing 
the electrification program, or that aid !s being received from a 
branch of the U.S. government, Such a branch might be U.S.A.I.P., 
working in cooperation with the National Rural Electric Cooperative 
Association. 

Prjvate Industry 

This type of program would be the Peace Corps helping to set up 
private industry in the country and working in cooperation with a 
group interested in starting a private power company. 
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Cooperatfve 

The people to be receiving the power would form a cooperati.ve and 
funds from the membership and perhaps a governmental agency would 
form the needed capital. 

COOPERATIVE OPERATION 

A cooperat!ve is a membership organization to provide a service to the mem- 
bers. An electrification cooperative would be started by the residents of 
an area for the purpose of supplying the members with electric power. They 
would pool their finances, perhaps borrow capital as a group, and actually 
run a small power distribution company. They might generate their own power 
or contract to purchase it from some company or group nearby. The primary 
differences between a company and a cooperative are: '_ 

To serve the members--not to provide services to others or to make a 
profit although both of these may happen. 

Savings are distributed by the amount of use rather than by the amount 
invested. Voting control is based on membership. 

The best sources of information on electric cooperatives would be the Rural 
Electrification Administration, Dept. of Agriculture; or the National Rural 
Electric Cooperative Association, 2000 Florida Ave. NW, Washington D.C. 20009. 



LESSON OBJECTIVE: 
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COST ANALYSIS 

LESSON NO. 1 

List snd define the elements of a cost analysis. 

. 

TOPIC 

Material Needs 

Labor Needs 

Overhead Factors 

lNSTRUCTlONAL PROCEDURE 

Define the term: Material Needs 

List materials generally required for the 
construction of an electrification system. 

Define the term: Labor Needs. 

Discuss typical labor needs in any electri- 
fication program. 

Define the term: Overhead Factors. 

Discuss typical overhead factors that might 
be encountered in an electrification program 

SUPPLEMENTAL MATERIALS a’ 
RELATED READING 
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LESSON OBJECTIVE: 

TOPIC 

cost Information 

COST ANALYSIS 

LESSON NO. 2 

Identify sources of cost information. 

Discuss where to find information about the 

costs of the project. 

lNSlRUCflDNAL PROCEDURE 

Discuss uhere to find information of 
materials costs. 

Discuss where to find information on 
labor rates. 

Discuss how to calculate overhead costs. 

SUPPLEMENTAL MATERIALS / 
RELATED READING 
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COST ANALYSIS 

LESSON NO. 3 

LESSON OBJECTIVE: Identify the types of fund sources and discuss the 

preparation of a statement of economic and social improvements 

. with the existence of a power distribution system. 

TOPIC 

Cost Justification 
Report 

INSTRUCTIONAL PROCEDURE 

Discuss possible method of funding an 
electrifaction project. 

Describe the operation of a cooperative. 

Discuss possible economic Bnd social 
improvements associated with electrificatior 

Discuss the preparation of a report listing 
these benefits and the costs of the 
proposed system. 

SUPPLEMENTAL MATERIALS / 
RELATED READING 
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SECTION 7 

PREVENTATIVE MAINTENANCE 

OVERVIEW: 

A well installed electrical system is relatively trouble free. But trou- 
bles Iio arise. A sound preventative maintenance program will reduce the 
amount of failure. This section covers the basic elements of a preventa- 
tive'mainfenance program. 
the problems that do occur. 

It also covers the elements of trouble shoo_ting 

As the PCVs will stay only two years, the local workers must be trained to 
perform the maintenance and trouble shooting operations. This section of 
instruction also describes the preparation of operation manuals to aid the 
PCVs in this instruction. 

The activities of this section stress the learning of trouble shooting tech- 
niques. The PCVs cannot effectively teach the local workers if they do not 
have the skills themselves. 
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SECTION 7 PROJECT MAINTENANCE 

OBJECTIVE: 

TASKS: 1. 

2. 

3. 

4. 

5 

6. 

Train local workers to recognize, locate and 
correct faults, and perform necessary prevent- 
ative maintenance. 

Establish rules/procedures for locating and 
correctfng faults in the distribution system. 

Prepare an operation manual for instructing 
workers in these procedures. 

Prepare a schedule of preventative maintenance 
procedures necessary to insure an efficient 
system. In the schedule, identify: procedure, 
frequency, tools and/or materials required, 
steps to follow, precautions to be taken.; 

Identify workers to be responsible for various 
maintenance functions. 

Train workers to carry out their assigned 
tasks properly. 

Establish a facility to house maintenance 
tools and replacement parts. 

FUNCTIONAL SKILLS: 

1. Recognize when trouble exists. 

2. Identify the usual trouble areas for par@- 
cular faults. 

3. Operate a test lamp. 

4. Interpret system and house diagrams. 

5. Demonstrate proper techniques for installation 
of house wiring and service entrances, ground- 
ing, repairing poles, stringing, splicing, 
securing and sagging lines, and replacing fuses. 

6. Recognize safety hazards and possible fault 
causes. 

7. Simplify procedures to a level compatible with 
local language and worker education levels. 

8. Design and construct work benches, tool boards, 
and stock bins out of cheap, local materials. 

9. Demonstrate the proper uses, handling, and 
care of tools needed to effectively maintain 
the distribution system. 
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PROJECT WUNTENANCE (cont.) 

TERMINAL PERFORFIAHCE TESTS: 

1. Given an electrical system with a fault, 
locate and correct the fault. F?epeat 
for various faults. 

2. Given an existing electrical system, and 
manuals for the equipment being used, per- 
form routine maintenance. Identify and 
correct any hazards that exist. 

3. Prepare an electrical system trouble-shooting 
and maintenance manual for use by locally 
trained wsvtJ,F. nannl LI 
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PLANNING REQUIREMENTS 

PROJECT MAINTENANCE 

TROUBLE SHOOTING 

Things can go wrong with an electrical system just as they can with an 
automobile. Therefore, to keep the electrical system operating after the 
installation is completed, you must be able to trouble shoot. Trouble 
shooting has three basic parts. These are: 

1. Recognize the existance of trouble. 
2; Determine the type and location of the trouble. 
3. Correct the trouble. 

PRECAUTIONS 

Always observe the safety rules. Study and memorize the nine safety rules 
in Section 2 before you start to trouble shoot any electrical ddfficulty. 
Also carry with you a sketch of the system with the voltages and currents 
in each line clearly indicated. You should always know, not guess, how 
much voltage and curre t is flowing, or should be fmg in a wire before 
you approach it. 
should have 

Get nto the habit of saying to yourself, "This wire 
volts running in it." 

SYMPTOMS OF ELECTRICAL TROUBLE 

To recognize the existance of trouble in an electrical system, you must be 
able to recognize the symptoms of trouble. The following are the most com- 
mon types of trouble in an electrical system. . 

NO VOLTAGE 

If the circuit is dead and no current flows there is no voltage. This 
is usually caused by a blown fuse, loose connection or broken wire. 
It might also be a failure of the generator. 

FUSES KEEP BLOWING 

This may be caused by an overload, that is, too many appliances are 
connected to the circuit, thus drawing too much current. It may be 
caused by a short circuit, which is a power wire touching a ground 
or two power wires in contact. 

LIGHTS GROW DIM 

When the lights grow dim and motors will not start, it usually means 
that the voltage is lower than it should be. A variety of troubles 
can cause this problem. 
ing switch. 

There may be a loose connection or an arc- 
The wiring may be undersized or too long, causing too 

much voltage drop. 

LIGHTS BURN BRIGHTLY, BUT BURN OUT 

This usually means that the voltage is too high. Either a generator 
is not regulated properly or a transformer is improperly connected. 
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LIGHTS FLICKER, MOTORS RUN UNEVENLY 

This may happen when a motor is started. If so it is because the 
motor draws five times the current while starting than it does while 
running. While it is starting the voltage drop is five times as 
great, thus causing the flicker. If the flickering continues after 
the motor has started ft may be that the motor is improperly grounded. 
Other causes might be loose connections or too small a transformer. 

CONNECTIONS GET HOT 

This usually means that the connection is loose and thus creating a 
high resistance. All electrical connections must be very tight and 
solid. 

SHOCKS WHEN TOUCHING EQUIPMENT 

This symptom indicates that the appliance or motor has nc: bEen prop- 
erly grounded. 

MOTORS RUN IN REVERSE OR WILL NOT START 

This occurs in three phase circuits and means that one or more phases 
are not connected (blown fuse, loose connection, broken wire, etc.) 
and the motor is said to be "single phasing." Or, this symptom can 
mean that the connections to the motor have been reversed. 

LOCATION AND TYPE OF FAULT 

After realizing that the system is not operating properly you still need 
to determine the type of fault and where this fault is located. These 
two tasks are accomplished at the same time, The symptom obsewed gives 
clues to the type of trouble, but in most cases different faults couid 
produce the same symptom. For example: what is the cause of no voltage? 
Is a fuse blown, is there a broken wire, is there an open connection, is 
there a bad switch, transformer, or other piece of equipment, or is there 
a generator failure? All of these faults could produce the symptom of 
no voltage. As you locate the fault you are simultaneously finding out 
what type of fault is present. 

A systematic procedure must be used to find the location of the trouble. 
The design of an eiectricai system makes this fairiy easy. An eiectricai 
system is like a tree. From any leaf there fs only one stem, one branch, 
one limb, and one trunk that lead from that leaf to the roots where the 
energy is received from the soil. Similarly, in an electrical system 
there is only one branch circuit, one service entrance, one set of second 
ary lines, one set of distribution lines, and one set of transmission 
lines that lead from the load to the generator. To locate the fault start 
from the load that has the symptom and proceed toward the power source. 
At each convenient point along the system you will need to test to see if 
the fault exists at that point as well as at the points already checked 
behind ft. When you find a point where the fault does not exist then 
work back towards the load testing each point until you find the location 
of the fault. 
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TEST EQUIPMENT 

To locate the fault in a system you must test the system for the fault.at 
the points successively closer to the power source. There are three pieces 
of equipment for this testing. They are: 

1. Test lamp 
2. Continuity tester 
3. Meters 

TEST LAMPS 

There are several types of test lamps that can be used for testing the 
condf tion of various electrical circuits. Neon lamps are used in some 
test lamps and these will glow at any voltage from about 50 volts and 
UP* Test lamps can be homemade by wiring in series 2 or more-lamp 
sockets and inserting in each a 110 volt lamp. If 5 or 6 lamps are 
used, the tester can be used on circuits containing as high as 600 V. 

Voltage Test 

A test lamp can be used :o determine if there is a voltage between 
two wires. If there is ePle lamps will light. The lower the volt- 
age, the dimner the lamps will be. If two lamps (in series) are 
placed across 110 volt lines the lamps will each be at half briaht- 
ness. The same lamps placed across 220 volt lines will each be-at 
full brightness. 
series can be used 

Similarly test lamps with 4 lamps or 5 lamps in 
to determine when higher voltages are present. 

Determine Grounded Or Ungrounded Lines 

After determining that voltaqe is present, it is useful to know if 
one of the lines is grounded. Place the test lamp(s) across one 
of the lines and a known ground. In a properly installed system 
the boxes or the fuse panel is grounded, or the lamp can be placed 
across the line and a radiator or other qround. 
lights the line is ungrounded. 

If the test lamp 
If the lamp does not light, the 

line is either a grounded line or the ground being used to test 
is not really grounded. 

Determine A DIown Fuse 

Fig. 7.1 shows a part of a distribution system, including the lay- 
out of a house wiring system. 
outlet 5-A would not operate. 

Suppose an appliance connected to 
With the test lamp touch the ends 

of the test lamp to the plug contacts. If It lights there ic, 
power at the outlet and the fault must be in the appliance. If 
it does not light then there is no power at the outlet and per- 
haps the fuse is blown. Go to the fuse box and make the follow- 
ing check. With two lamps in series test across the tcp of f?c-;~s 
A and B. (Fig. 7.2) 
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Fig. 7.2 

If the lamps do not light then there is no power coming into the 
house. If they do light test to see if fuse A or fuse B is blown. 
This is done by placing the lamps across the top of one fuse and 
the bottom of the fuse to be tested. Fig. 7.3 shows the test for 
fuse 8. 

Fig. 7.3 

If the lamps light, then the fuse is good. If the lamps do not 
light, then the fuse is bad and should be replaced. (See below 
the procedures to follow when changing a fuse). 

If the main fuses are good, but there is no voltage at the outlet, 
test the circuit fuses. Fig. 7.4 shows the test for the fuse pro- 
tecting circuit #S. 
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If the lamps do not light then the fuse is blown. If they do 
light, .they will only be at half brightness, since they are not 
across the full voltage (220V.) but only across one hot wire 
and the ground (110 V.). If they do light this indicates that 
the fuse is good and that there is a loose connection, a broken 
wire, and open switch or same other fault between the fuse panel 
and the outlet. 

To check a fuse in a three phase circuit, shut down the motors 
and other loads in the circuit and then test to see that power 
is present at the fuses. If there is power on all three lines, 
then check the fuses as described for the main fuses of a house 
system. Place the test lamp across the top of one fuse and the 
bottom of another. If the lamp lights the fuse is good. Fig. 
7.5 shows the test ?'or fuse B. 

Fig. 7.5 
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CONTINUITY TESTER 

Fig. 7.6 shows the construction of a continuity tester. It is made of 
a bell and batteries. When the test leads are touched together or when 
connected1 to a closed circuit the bell will ring. The continuity test- 
er can be used for the following tests. 

1. Short Circuits 
2. Grounded Lines 
3. Open Lines 

Fig. 7.6 

Short Circuits 

Before making any tests disconnect the power from the lines. A 
continuity tester must only be used on dead lines. If there is 
a length of cable that you suspect to ba shorted between two of 
the conductors, followthe following steps. First, at the junc- 
tion box at one end of the &ection of cable‘dirconnect all the 
connections. 
of cable. 

Second, do the same at the other end of the section 
Third, connect the test leads of the tester across two 

wires at a time. 
wires. 

It will ring when connected to the two shorted 
Fig. 7.7 shows the connection of a continuity tester to 

find a shorted line. 
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Grounded Lines 

The test for a grounded line is similar to the test for shorted 
!ines. The only difference is the test is made between one of 
the open lines and a ground. 

Open Lines 

To test to see if a line is open, first disconnect all power from 
the part of the system that is being tested. Second, at one end 
of the cable being tested, connect all of the wires together in 
a fins (but temporary) splice. Third, at the other end of the 
section of cable connect the continuity tester across two lines 
at a time. It should ring each time as the circuit is closed at 
the other end. If it does not ring then one of the two lines is 
open. 

METERS 

A voltmeter is even better to use than a test lamp for it is able to 
indicate how much voltage is present rather than just that there is 
voltage. An ohrmneter can be used in place of a continuity tester but 
most ohmmeters use only a very small current and on longer lengths of 
line' or when testing a poor ground they may not be reliable. 

Whenever it is desired to know the.amount of current or voltage.present 
at a particular point in the system a meter should be used. It is al- 
ways safest to disconnect the power when making the connections and 
then to reconnect the power to take the reading. 

TROUBLE CORRECTION 

When trouble shooting you are only half done when you have located the trou- 
ble. 
"why?" 

You now know why there is trouble and where this is. But you must ask, 
If a fuse has blown, this is the reason that there is no power. But, 

you must ask, "Why did the fuse blow?" 
"What caused this wire to break?" 

If a wire is broken you must ask, 
Before correcting the obvious fault,these 

other faults must be corrected so that the same fuse won't blow again, or 
the wire break again because the cause was not corrected, 

The specific corrections for various troubles are readily identifiabie. if 
there is a bad connection, the connection should be opened and remade as if 
it were the first time it was being made. If there is a bad piece of equip- 
ment such as a switch or outlet plug, then this should be replaced. If 
there is a shorted cable this will need to be replaced or the circuit dis- 
connected and not used. In most cases the skills needed to correct a trouble 
are the same skills needed for installation of that part of the system. 

BEFORE ATTEMPTING TO WORK ON ANY PART OF THE SYSTEM, DISCONNECT THAT PART OF 
THE sYzi7Bfl%oM THE ROWER SOURCE. 
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FUSE REPLACEMENT 

Suppose a fuse has blown. Before replacino it check all the outlets on 
that circuit to see what loads are connected. Total these loac's and deter- 
mine if the circuit is overloaded. If it is overloaded, disconnect some of 
the loads until the circuit is no longer overloaded. Now open the main 
switch and replace the fuse that blew with a fuse of the same rating. Close 
the main switch. If the problem was an overload, it has been corrected. If 
the fuse blows iMdiately,and the circuit is not overloaded there must be a 
short circuit either in one of the appliances or else in the wiring of the 
circuit. Before replacing the fuse again, disconnect all the appliances on 
the circuit and turn off all the lights. Now replace the fuse by again turn 
fng off the main switch, replacing the fuse and turning the main switch on. 
If the fuse again blows with all the loads discomected, there is a short 
circuit in the wiring. Disconnect the .main switch, and using the continuity 
tester, test to find where the short circuit is. If the fuse does not blow 
the short cfrcutit is in one of the appliances. Connect the appliances one 
at a time. If the fuse does not blow when the appliance has been connected, 
that appliance is good. Disconnect it and trv another aooliance. Continue 
this process untilthe appliance that h 
and aqafn blows the fL ;e. Disconnect t 
carded or repaired. N ,w the other appl 
fuse again replaced, atways with a fuse 
blew. 

a s the"short circuit is connected 
h is appliance and see that it is dis- 
1 antes may be reconnected and the 
of the same rating as the fuse that 

Thfs is an example of how the cause was 
ca'nse corrected. 

PREVENTATIVE MAINTENANCE 

found for the blown fuse, and this 

There is actually very little maintenance required by an electrical system. 
There are only two requirements of a maintenance program. 

1. Periodically inspecting the system visually. 
2. Performing the required preventative maintenance on all equip- 

ment and appliances as specified by the manufacturers. 

PERIODIC VISUAL INSPECTION 

It is wise to have the entire system inspected twice a year. Once in 
the fall and once in the spring. 

Poles 

Washout at ground line. 

Rotting at ground line: Scrape away the earth from around the 
pole at the ground line to a depth of 2 or 3 inches. Use a sCiort 
crowbar or hand spike to determine depth to which rot has pene- 
trated. 



-144- 

Hollow rot: sound body of pole for hollow rot. 

Splitting. 

Effects of lightning. 

Splitting or pulling of guys. 

Twisting or raking. 

Ground wire: See that thfr wire is rigidly supported and that it 
has not been cut or the cross section reduced to any considerable 
extent by linemen's spurs. 

See that the connection between ground wire and ground rod has 
not been weakened by corrosio:] or mechanical injury. 

Grass around base of Role: All grass, weeds, and any inf 
material should be kept cleared away from the base of the 
for a distance of 2 feet to reduce the fire hazard. 

le lammab 
pole 

Rotting 

Crossarms 

Splitting and twisting (especially on double arms). 

Loose, broken, or missing pins. 

Loose or missing braces. 

Insulators 

Cracked: make close inspection for cracks. 

Chipped or broken. 

Unscrewed. 

Wire 

Broken wires. 

Short circuits. 

TwiSted spans. 

Loose connections. 

See that the wire is clear of tree twigs, limbs, kite strings, 
hay wire, etc. 

Belay necessary brush cutting until the autumn, except where there 
is danger of the brush fouling the lines in the fntarval. 
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Liqhtning Arresters (general) 

Inspect pipe framework supports of arresters and paint with 
graphite if necessary. 

Check gaps. 

Check horns for loose bolts and position. 

Inspect for loose ground connection. 

Transformers 

Inspect for Oil Leaks. 

Ground 

Make a mechanical inspection of all ground connections to trans- 
former cases, transformer secondary wiring, and lightning arres- 
ters. 

MAINTENANCE OF EQIJIPMEMT 

All transformers, generators, motors, appliances, and any other 
equipment should be maintained according to the directions in the 
operation manuals provided by the manufacturers. 

' MANUAL OF STANDARD PRDCEDURES 

Once the electrification project is completed the only need fro personnel 
will be to occasionally add a service drop, a small extension to the sys- 
tem, or to perform the routine maintenance and trouble shooting. It will 
be most helpful for the local workers that are assisting with this project 
if you prepare a manual that lists the particular steps to follow for a 
specffic job. This manual should list all the installation, maintenance, 
and trouble shooting thasks that these workers will need to perform. With 
each of these tasks should be: 

1. the procedures to follow 

2. the tools and/or materials required 

3. the safety precautions that must be observed/ 



-146- 

PROJiXT MUNTE?UNCE 

LESSON NO. 1 

LESSON OBJECTIVE: 

Definition of 
Trouble Shooting 

Precautions 

Locating and 
Claaalfylng Faults 

Describe and dfscues trouble shooting procedures. 

INSTRUCTIONAL PROCEDURE 

D&Ins the bnslc parts of trouble shooting. 

1. Recognizing trouble 
2. Locating and deteminlng 

type of trouble 
3. Correctlllg trouble 

Discuss the precautions that must be 
observed in the correction and location 
of troubles. 

Review the safety ruler of Section 2. 

List the symptom of trouble in an electri- 
cal eyatem. 

Discuea the causes of these symptoms. 

Describe the systematic approach to trouble 
shooting that must be followed to locate and 
determine the type of fault. 

1. Test the section8 of system 
for the trouble 

2. Isolate the section vhere the 
troublo ie 

3. Isolate the location of the 
trouble in the section 

SUPPLEMENTAL MATERIALS / 
RELATED READING 
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PROJECT MAINTENANCE 

LESSON NO. 2 

LESSON OBJECTIVE: Demmstrate construction techaiquea and 

we of test equipment. 

. 

TOPIC INSTRUCTIONAL PROCEDURE 
SUPPLEMENTAL MATERIALS / 

RELATED READING 

Tut Laqa 

Contiuuity Teeter8 

Netera 

Demonstrate how to make a teet lamp. 

Demonstrate and diecuss methods of connect- 
ing a kest lamp to determine the presence 
of pouer, the identification of grounded 
andungrounded linea and the presence of 
blown fuses. 

Have trainee8 practice wing test lempa on 
vaI3oua c$.rcuita. 

Demonstrate how to make a simple continuity 
tester frorP a bell and batteries. 

Demonstrate end discuss utethade of connect- 
i~g a continuity tester to discover shorted 
lines,opealines andgroundedlinee. 

Have traineea jractice using continuity 
teeters on various circuits. 

1 Demonstrate and discuss methoda of connect- 

I 

5% meters to the electrical system when 
being used for test purpoeee. 

Have trainees practice connecting meters for 
we in trouble shooting various circuits. 

Cam, Sec. 1, pp. 5&?9. 



LESSON OBJECTIVE: 

TOPIC 

Trouble Correction 

Correction 
Techniques 
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PROJECT MAINTENANCE 

LE&N NO. 3 

Discuss the procedures to follow whsn 

correcting the trouble just located. 

INSTRUCTIONAL PROCEDURE 

Discuss the underlying reasons for system 
trouble, the caL!ses of the discovered 
trouble. 

Discuss how to locate the causes of system 
malfunctions. 

Review the installation techniques that 
will be needed for trouble correction. 

Have trainees locate and correct typical 
faults that have been purposely introduced 
by the instructor in the sample system. 

‘ 

SUPPLEMENTAL MATERIALS 
RELATED READING 
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PROJECT MAINTENANCE 

LESSON NO. 4 

LESSON OBJECTIVE: Describe and discuss maintenance procedures. 

TOPIC INSTRUCTIONAL PROCEDURE 

Definition of 
PmveRtive 
EbfIbteaurce 

System 9peration 
HanUal 

Define the parts of preventive maintenance. 

Wst the faults to look for in a visual 
inspection of the system. 

Show examples of each of the faults. 

Using the manufacturer's operation manual 
for the transformer, generator and motors 
install d during the training session, 
discuss and demonstrate the procedures for 
maintaining these pieces of equipment. 

Discuss the need for an operator's manual 
for the system just installed. . 

have trainees prepare the outline of an 
operator's manual. 

List precautions to follow in writing the 
manual for use by local people. 

SUPPLEMENTAL MATERIALS / 
RELATED READING 

Kurtc, Sec.! 21. 
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