| No. 20,297 Aoril T, 1937
. WIRING FOR ELECTRIC SERVICE
|

B. T. Swink
Asst. Agricultural Enzinecr

Vo P. L Azyicultursl Zxtonsion Service




WIRING FCOR ELECTRIC SERVICEH

It is important that the home and farm owner carefully plan the
glectric wiring layout on his property. His plans should not only take
care of the immediate uses of electric service but possible future uses as
well, It should be remembered that rural electrification has been attained
only when the fermer uses electricity to an economical advantage, and this
means the use of equipment in addition to lights. Even though not many uses
are anticipated when service is first obtained, the trend of electric rutes
is downward and more equipment will be added in the future. Therefore, it
will pay to plan for both immediate and future uses of electriecity. This
cireulur aims to assist the new customer in planning a safe, adequate, economi-
eal, and convenient wiring system.

N=TIONAL -LECTIC CCDE

There has been worked out over a neriod of years what is known as
the National Electric Code, which is simply a set of rules, regulations and
practices by which farm wiring is done for the protection of the cwmer's
property and family. Since there are no government regulations for wiring
in rural districts, it is to the rural customer's advantage to sse that his
wiring conforus to the National iflectric Code for his own safety and pro-
tection. He should be sure that the contractor doing the job is familisr
with this code and should have an insveetor check the work tefore the con-
tractor is paid for his services.

WIRING SYSTIM REQUIRSMEITS

The following brief discussion of requirements that the Taim wiring
system should meet will empheasize their importance and show their relation to
each other:

Adequacy: Tue heart of the light, heat and power needs on the famm
is the wiring system. Without adequate wiring facilities, full and cconomical
value of the electric service cannot be realized. The wiring plan for each
building should he carefully considered by the owner to see that the building
is gdequately served., Often additions are made to the contrector's work
that are both unsafe and unsirhtly.

Safety: The wires should be large enough to carry the intendad
load and fuses {safety valves in the wiring system) should be of the proper
size to protect both the wiring and equinment, Tro often the size wirs used
is so smgll that unsafe, larye capacity fuses are ussd, The resulis are
heating of the wire, poor voltare at the apuliance 2nd geneval dissatisfac-
tion, For example, a No, 14 wire should carry only 16 amperes; thersfore,



if the cireuit operstes applisnces pulling more than 15 amperss of current,
and i1f « fuse larger than 15 ampere capacity is used; the wire becomes not
and the gystew ie unsafe and inadequate,

Convenience: The wiring system should be planned so that it will
be convenient. hany people have been content to wire a nhouse so that the
only outlet in & room is the ceiling light outlet. The light must be turned
on and off by a pull chain in the center of the room. If a floor lamp,
radio, or eother appliance is wanted a double socket must be used at this
same outlet and extension cords run to the other appliances. This makes both
an unsiehtly, uasefe, and ianconvenient arrangement. Convenisnee outlets
should be placed along the walls, and the ceiling light should “e ccntrollsd
by a wall switch by thz most fraquantly used door. Better still, the lirht
can be controlled from two or more doors hy using throc-end four-way switchos.
Thesc conveniant features cost little extra when the complete job ic done at
first, and the cconomy comes from the time saved in doing the many housc
chores.

Economy: The terms adogquacy smd economy go hand in hand whe
referrine to the wirine systom, This ie espucivlly tric whsn the Turmnr
mizkes adequate provision in the berinnins for sl1l futurs usss. For sxample,
the differsneéce batween the cost of Ho. 8 znd Ko, 6 service wires may vo
only & few dollars when the job is first doniy but if the smaller and
cheaper wires ere ingtsllcd oririnslly, it mians that thoy mmet later be’
removed and replaced with the larper wires to operete some added appliance.,
This meens sponding money twice ror the same wiring; whercas, if the larrer
wires had teen installed at first, the system would have bsen adequatc and
money suved.

New devzlomments in scrviece entrance cables and switches now
make it possible to do the job when first instualled so eorreetly und
adeguately that it will servc all futurs nosde and expensive replacemcnte
in the wiring arc avoided,

DEFLITITICH OF ELECTRICAL THERISB

It is necessary to underctand the meaning and relation to one
another of several simple electricul terms in order to plan the wiring lay-
out intelligsntly.

Volt -- The volt is the unit of clectric "pressure" which causes
u1ectr101tj to flow over the wire. It is snalogous to the torm "pounds per
squars inch" when referring to the pressure of water in pipes.

Ampere -- The ampere is the unit or rate of flow of electric energy
over 4 conductor or wire. It is annlopous to the term "rallons per minute"
when reforrine to the rate of flow of woter in pines.

Kilowatt -- A watt is 2 unit of elretric oower used, but it is so
enmzll thet the cormon comumereial unit of 2lcetric powar is rall,d the kilo-
watt which meznsg 1000 watts, The aumbecr of kilowaitts uszd over &n elesctrie



circuit or wiring system is the product of the volts and amperes delivered,
divided by 1000, (Allowance is mede for another relation batween the two,
which need not be considered here.)

Therefore, it is evident that "high voltage power" linss can carry
large amounts of energy with a relatively low flow of empures and over com-
paratively small wires., The common voltages used on the farm are 115 and 230,
which are comparatively low voltages, meking comparatively larger wires
necesgary. This will be illustrated later in a' problem.

Kilowatt-hour -- The kilowatt-hour is the unit of work done by one
kilowatt of electric power over a period of one hour, It is by this unit
that electricity is measured through the compvany meter and purchased by the
customer,

Trznsformer -- The electrical instrument which is furnished by the
service company for stepping down the high voltage on the company distribu-
tion line to the low (115 and 230) voltage usually used for farm appliances,
The transformer should never be more than 1000 feet from the meter or dis-
trivution center and should be located as iear the point where large appli-
ances are to be used as possible.

Two-iiire Serviee -- When only one voltage is desired (usually 115
volts) for lichts and smell apvliences in the home, only two wires are
brought from the transformer.

Three-dire Service -- When the customer desires to operate meny
lights, appliances or motors, it is desirable-to heve both 116 and 230 volts,
meking it necessary to brins three wirss from tne transfomier to the distri-
bution center. This type of service is always more desirable for ferm cus-
tomers,

DESIGNING THE FARM WIRING SYSTEM

Keeping in mind the general requirements for the farm wiring system
already discussed, each wire must be large encugh to meet two definits con-
ditions satisfactorily. The wire must be large enough to carry the number of
amperes requirsd by the equipment on the circuit safely, and, since the
resistance of the wire has a tendency to cause the voltace or pressure to
drop when curried any distance, the wire must be larce enough to keep this
voltage drop less than 5% of the normal voltage of the circuit. Therafore,
in designing the wiring system, it is necessary to determine the maximum
number of amveres of electricity each circuit must cerry at any one time,
and the distance that the current must be carried.

The followings tables show the numbar of amperess of current thet
various-size motors require and the number of amperes of current that various
size and type wires will carry safely.
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The nwre plate on préctically all electrical equipment except motors
showe the number of watts of power the appliance will require and alsc the
voltase of the power necessary to operate the appliance. To determine the
number of amperes of electricity that the appliance will require, divide the
watts by the voltage. For example, assume that an electric water heater has
a naume plate listine of 20C0 watts to be operated on 220 volts. Then the
ampeTe requirements will be approxinetely 10 amperes, and the wire must be
larce enough to carry this amount of current. Motor name plates usually show
the smpere rating and the voltage, which can be read directly.

For determining the preoper size wiring for & cortain length circuit
to assure a voltago drop of less than £% of normal, the following table can be
referred to:

No. 3
LOAD~-DISTANCE TABLE
for % VOLTAGE DROP SINCLE PIiASE

Wire Size 14 12 10 8 6 4 2 1 0
Amp, - Wire Length for 11t Volt or Distance for 230 volt iu Feet
3 757 1202 1815 3040 4340 7690
5 454 722 1148 1826 2900 4615 7340 9220
10 Bt 361 574 913 1450 2307 3670 4620 5350
15 151 241 583 608 267 1537 2445 3080 3883
20 113 180 287 456 785 1152  18%4 2310 2910
25 91 144 230 335 561 922 1465 1850 2332
30 120 121 504 484 768 1223 1542 1942
35 154 260 414 €58 10456 1520 16¢4
40 288 ° SEF 577 917 115% 14858
45 208 323 514 816 1030 1298
50 132 290 461 754 925 1i66
60 152 242 384 612 771 971
70 207 330 523 660 834
80 182 288 453 579 730
20 257 417 515 649
160 251 367 462 583
125 2935 370 466
150 244 308 388
175 264 333
200 : 291




The following simple layout of farm buildings and electric equip-
ment at the house and barn will iilustrate how to use the current carrying
capacity table, No. 2, and the voltage drop table, No. 3, in determining the
proper size wires. :

Assume that there is a possibility of installing the following equip-
ment at the house and barn, either inmediately or in the future. An adequate
wiring system would be determined this way:

Distance from transformer to meter is 200 feet; from meter to end of
barn is 150 feet and from meter to house is 200 feet.

House Barn
.  Vetts Volts Amps. gil ___Watts _Volts Amps,
Lights 80C 110 7 Lights 4C0 110 4
Refrigsrator 1/4 HP 110 4 5 HP motor 28*
Appliances 800 110. ¥ :
Range 7000 220 31
Water heater 2000 220 10 Total 32
*Moteor will pull sbout 60 amp.to start
___Total 59
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Typical Farm Wiring Laycut

Tahle No. 1 shows that #6 wire will be required to carry the current
of 59 amperss sufely from the meter pole to the housa. Chacking for voltage
drop, we find thet tadle Mo, 3 shows that at 220 v. the #6 wire will carry
60 amp. 242 ft. end keep the volitape within 5% of normel, Therefore, the ser-
viee to the house will be two #6 wirss for the 220 volts and ore Mo, 8 for the
groundsd neutral, Tho service ertrence for the house should contnin a €0 amp.
capacity thrae pole switech Lo contrcl this service.

T51llow the seme procedurc in dstermining the sizs wires to the barn.

This should be ehscksd for 60 amp. of current &1so, teeausc thz motor will require
that much power when it startis, although the normal runming requirement is only
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28 amps. Since this is the case, #6 wires will be necessary here, because
this size wire is necessary to carry 60 smp., although #8 would be satisfac-
tory as far as the voltage drop is concerned. Then this service would con-
tain two #6 wires for the 220 volt power and one #14 for the neutral, since
the barn lights (on 110 volts) will demand only 4 amps. A three pole €0 amp.
switch will also be used in the service entrance at the barn.

The utility providing the service will determine the size wire 1o
run from the transformer on its line to the meter pole, based on the customer's
total demand and use of the equipment. Usually the first span is furnished by
the utility at no expense to the customer; however, this policy varies with
different companies. On most farms, the arrangement of buildings is such that
it is usually better to locate the meter on a pole at a central location and
run service wires from this pole to the various buildings, as in the above
example, In this way, economies can usually be effected in wiring by reducing
the distance from the meter to the various buildings, thereby allowing
graller wire to be used.

In purchesing all materials such as wires, cables, switches, fuses,
etec., See that the materials have the underwriters' stamp of inspection and
approval. This will guarantee the materials tc be first grade and accurate
in ratigy and design.

The methed of mounting the service entrance switch and the entrance
wiring at the meter or buildings should conform with the staindards set up by
the company providinge this service and approved by their inspector, All
outside wires should be either uninsulated or weather-proof insulated. All
wiring in "econduit" should be ruvber covered.

I"SIDE WIRING

There are threc general types of wiring used in circuite inside
buildings: (1) "knob and tube" or open wiring; (2) cables, either "armored"
or "non-metellie" sheathed with wires protected inside the metallic or non-
metallic covering”, (3) conduit wiring with rubber covered wires run inside
of smooth pipe which msy be either "rigid" or "thin wall” tubing.
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I1lustrations of Types of Wiring Materials



The Standard Handbook for Electrical Engineers shows the following
relative costs of the varipus types of wiring (materials and labor):

Kneb and tube 100%

Non-metcllic sheathed cable 125%

- Armored cable 133%

. Thin wall tubinz conduit 180%
Rigid conduit 190%

The type to bz selected for a building will depend somewhet on the
type, construction and use of the building. However, the Natlenal Electrie
Code recommcnds either of - the first two, oreferably the second, for such
buildings as barns, sheds and outbuildings, because of its sconomy and eafety
from shoék hazards. In fact, beczuse of thesc rcasons, the non-metallic
sheathed cable is highly desireble for all farm wiring. Porcclain outlct
and junction boxes are nvailable for usé with this cable to complete the
"non-metullie” system. Tho armored czble is widely used for housss and
buildings where therc are no ammonia or seid fumes znd the air is free from
dampness. In sueh cuses, the conduit type is considercd the boestj however,
there is some doubt that the extra expense is warranted whero economy must
rule, In such cases, eithor of the first two types arc considered satisfac-
tory. ®

FUSES AND PROTECTIVE SWITCHIS

the fuse is usuxlly referred to &8 the "pop-cff" or safety valve in
s cireuit. bo fuse of & higher umpere roting thun the current carryine
capacity of the wire should be inserted in the ecireuit. Table No. 2 should be
referred to in checking the naximum size fuse to use. The TuSe not only
protects the wirins in ease of a short circuit or faulty apvlianees, dbut 2lso
protects the appliunce or motor from serious damngse by breuking the cireuit
in case of trouble causine excessive overloeds. Certain types of switches
have been developed to be used in place of fuses. They ars eallzd "no-fuse"
breakers, "thermol" breckers, ete. and simply open the cirecuit, which nust
be reclosed munually. The advantage in them over fuses is thit they do not
need to bo replaced but meraly "reset”.

The* control switches with thermsl overload devices built in ure
desirable for farm motors because the motors are frequently overlcaded. It
is much casier and quicker to resct the overlond device than to replace ¢
fuse und there is no temptation to usc fuses too large for the wiring. Thig
type switch costs slichtly more thun the fuse type but is probubly more
ceonomical in the ¢nd and is more sctisfuctory to use.

CUTLETS

There sre three types of outlets in the wiring system: (1) the
"lisht outlet™, (2) the "switch outlet”, and (3) the power or "convenience
outlat".



The desirability of convenience in the wiring system has alrendy
been discusged =nd the practice of using the "light outlet" for all three
uses hes been condemned. In addition to this practice being both unsightly
and unbandy, it limits the service the appliances can eive. Usually drop
cords to the "lisht outlet" are of #18 wire, and this is too small to csrry
the necessery smount of current., Therefors, the practice that will satisfy
all requirements requires wall switches and plenty of convenience outlets
around the bascboard, It is pgood practice to use whet is known as "duplex con-
venisnee outlsts", which provide two points for connecting or plugging in
appliapces instead of one.

It is very desirable to plan the light and switch outlets on a
separ=te circuit from the convenience outlets, bucause motors om spnliances
drsw much current when starting nnd if on the lighting circuit, will some-
times dim the lights. Also, in case & fuse is blcown by some faulty spplisnce,
the lights will not be affected. This plan is easy to follow; furtheruore,
the National Elcetric Code says there should not be more than 12 outlsts per
circuit.

In planning the wiring systum for the house, it is desirable to use
#12 wires instead of #14, espeeially for the conyenicnce or power outlot
circuit. This will assure better operation of eppliances und eliminsts the
poseibility of overloading the circuit with small appliances. Wiring is
usuglly contrzcted for on the basis of the number of outlete., The price
usually varies from $2.00 to 55,00 per outlet, depending on the type of
wiring and locul conditions.

POINTS TC REMEMBER IN CONTHACTING FOR WIRING
1. Make a gketeh of the building layout showing all buildings where
service is desired znd the possible lcad at each building.
9. Sketch the floor plan of ccch building and locate all outlets.

%3, Indicate the type of outlets and all wire sizes on the stetches.

4., Hove contrzctors bid on the job based on the plens cutlined in
the sketches.

5. Mak: sure that the coantractor who gots the job is liesnscd ond
complies with the requircments of the National Elzctric Code in his work,

&, Heve the completed job inspected by an underwriter:z' inspector

befors payine the contractor. Be surc the job mects all requirements,
ineluding those called for in the originsl sketches,

5.
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