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ELECTRICAL PRINCIPLES, TERMINOLOGY & SAFETY

The use af electeicity is so common place that most people assume that it will always beo
available an demand. To fully realize the dependence upon electricity, survey ﬂ"_'! Wiy
elzctricity is being used each day in the home and on the farm and ranch. Electricity is doing
mors to increase work efficiency and promate snjovable living than any other single factor. The

use of electricity has grown to the extent that an increasing portion of the home or business
budget is used in paving for this source of energy.

I. Defigition of Electricity

Elsctrizity can be definsd in several ways. The layman defines electricity as 3 source _f-‘r
energy that can be converted to light, heat, or power, Electrical enginzess define electrioity
as 3 movement of electrons caused by electrical pressure or veliage. The amount ol enesgy
produced depends on the number of elsctrons in motien,

2. The Manuflacture and Distribution of Electricity

Flectricity is produced from generators that are run by water, steam, or intarnal combustion
engines. I waeter is used as a sousce of powes to turn generators, 11 13 referred to a3

hydroeiectric generation. There are a number of this type located in aress where hugs dams
hawe been built acrass large sireams,

Steam is used as a source of power for generating much of today's electricity. Water 15
heatsd to a high temperature, and the steam pressure is used to turn turbines which generats
electricity. These are referred to as thermal-powered genmerators. Fuels uwsed to heat the
water are coal, natural gas, and/or fuezl ail.
Generatars at the power plant generate fram 13,800 re 22,000 volts of glectricity. From [h:_
power plant, electricity is carried to a step-up suhstation whi:t_n, Ithr-:nughllhf: use ol
rransformers, increases the voltags from 69,000 wo 750,000 volts. This increase in voltage 13
nezessary for the efficisnt transmission of electricity over long distances. From the step-up
suhstatian, the electricity is carried on transmission lires to a step-down substation which
reduces the voltage to 7,200 to 14,000 vels for distribution to rural and ity areas,
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Transformers at the business or residence reduce the veltage to 120 or 240 volts 1o the meter
ol the customer.
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3. Commona Electrical Terms

In order to work salely and efliciently with electricity and havs the ability ta converse an
the subjzct, the following terms should be understood:

Ampere (Amp) - A measursment in units of the rate of flow of elestrical current. This
may be compared with the rate of Clow of water in gallons per minute.

Example: A 60-watt incandescent lamp on a 120V gircwit would pull 172 ampere of
cleetricity (60 divided by 120 = .5 or 1/3), (Formula: Amperes = Warts divided by
Yolts

¥olt (V) - A unit of measure of electrical pressure, A pgiven electrical pressurs (V)
causss a given amount of electrical current (Amps) to flow theough a lead af given
resistance. Yoliage may be compared with water pressure in pounds per sguare inch in
a water system. Commaon service voltages are 120 volts for lighting and small appliance
circuits and 240 volts for heating, 2ir conditioning, and large equipment circuits

Watt (W) - A unit of measure of electrical power, When applied to electrical

equipment, it is the rate that electrical energy is transfermed inte some other form of
encrgy such as light. Watts may be compared to the work done by watsr in washing a
car, (Formula: Volts x Amps = Warts)

Ki]ﬁwntt {K“’] = My 1.:|'.'|.i|! ﬂ'j- mezsurerment 1.]51:'.1 j_Tl cnmpu[ing electeical :n:rE}. use
Kilowatts are determined by dividing the number of watts by 1000 (1 KW = 1000 W),
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Kilowatt Hour (KWH) - A measure of electricity in terms of power in kilowatts and
time im hours. A KWH is 1000 waris wsed [or ane hour,

alternating Current {A.C.) - Electrical current that alternmates or changes direction

several times per second. The direstion current moves depends on the direction the
valtage Forces 1L

Cyele - The [low of electricity in one direction, the reverse [low of elestricity in the
other direction, and the start of the [low back in the other dirzetion.

The cycles per second are regulated by the power supplier and arc usually 60, Most
ele~tric clocks are built to operate on 60 cycles, More or less cycles would cause the

clocks to gain ar lose time. The present practice is to use the term Hertz (Hz) rather
than cycles per second.
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Direct Current (D.C.) - Elsctrical current flowing in one direction. Example: elecirical
circuit in automobiles and fractors.

Transformer - A device used to increass or decrzaze voltage.
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Single Phase - The most common type of electrical service or pawer available to
capcumers,  One transformer 5 used between the distribution line and the meter
Usually three wires, two "hot” and one neutral, are installed to provide 120V and 240V
single-phase service. Single-phasze service may also be supplied with threo-phiase Servise,

Three-Phase - This type of service is designed sspecially (or large electrical loads, Itis
a more sxpensive installation due to three wires and three trans[ormers. The important
advantage of thres-phass power s that the total electrical load is divided among the

three phases; consequently, the wire and transformers can be smaller. Cither advaniages
exist in the design of thres-phase molors,

Short Circuit - A direst connection (before current [lows through an appliance)

between two "hot® wires, between a "hat” and neutral wire, or between a "hot" wire and
ground,

Voltage Drop - A reduction of current between the power supply and the lead., Duz to
resistance, there will be a loss of voltage any time electricity {lows through a condustor
(wire). Factors that influence voltage drop are size of wire, length of wire, and the
number of amps flowing. A drop in voltage may cause a loss of heat, light, aor power

output of & motar. It could cause motor burn-out wnless the motor is properly protectzd
(time-delay fuse).

Fuse - A device used to protect circuits from an overload of current,

Circuit Breaker - A device used ta protect circuits from an overleoad of current. Mavw
be manually reset.

Time-Delay Fuse - A fuse with the ability to carry an overlead of current for a short
duration without disengaging the contacts or melting the fuss link.

Horsepower (hp) - A unit of mechanizal pawer equal to 746 watts of electrical power

{assuming 74.6% electric motor efficiency). One hp and above motors are rated at 1004
watts per hp: motors below one hp are rated at 1200 watts per hp.

Conductor - The wire used to carry electricity (copper or aluminum). Copper and

aluminum should mot be spliced together due to their incompatibility resulting tn
deterioration and cxidation. .

losulator - A material which will not conduct electricity and is usually made of glass,
makelits, poccelain, rubber, or thermo-plastic.

"Hot" Wire - A current-carcying conductar under elestrical pressure and connected to a
fise or circuit breaker at the distribution panel, {Color Codez: usnally black or red)

Meutral Wire - A current-carrving conductor not under electrical pressure and

connected to the newtral bar at the distribution panel. {Color Code: usually white)

Grouading - The connecticn of the peutral part of the elzctrical system 10 the zarth (o
reduce the possibility of damage from lightning and ths connection of electrical

equipment housings to the earth to minimize the danger from glzctrical shock. {Color
Code; can be green or hare wire)

Underwriters’ Laboratory (U.L.) - A national crganization whish tests all types af

wiring materials and electrical deviess to insures that they meet minimum standards far
zafery and quality.



Mational Electric Code (M.E.C.) - Regulations approved by the National Board of Fire
Underwriters primarily for safety in electrical wiring instaflations. All wiring should
meet the reguirements of the naticnal as well as che [ocal code.

Computing Elecicical Energy Use and Cost

If an eztimate of cost far electricity used is desired, the nams plate dara on appliances and
equipment and an estimate of operating time may be used. The {ollowing [ormulas should
be used for determining watls, amps, volis, watt-hours, kilowatt-hours, and cost.

WATTS = VOLTS X AMPERES

AMPERES = SATTS
VOLTS

VOLTS =  ATTS
AMPERES

WATTS X HOURS OF OPERATION = WATT HOURS

. w )
KILOWATT-HOURS = W

COST = HWH X LOCAL RATE PER KWH

EXAMPLE COST PROGLEM:
LOCAL RATE PER KWH USED - § CENTS
KAME PLATE DATA - [20 VOLTS, 5 AMPS
MONTHLY HOURS OF OFERATION - []

(1) (% = v X &) w= 120 % 5 w o= GO0

{2} (WATT-HOURS = W X HOURS) WATT-HOURS = &00 x 10 WATT-HOURS = G000

s o WATT-HOURS . G000 .
(31 [(KWH |00 ) HWH L00 KWH &
{4) (COST = KWH X RATE) COST = 6 X § COST = 4% CENTS

Electrical Circuits

An electrical circuit is a completed path through which electricity [lows. Insulated
conducters (wires] provide the path for the flow of eleciricity.

A water system and an
electrical circult are similar in many respects.

Warter [lows through pipe: and 15 measured
in gallons per minute, and elscericity [lows through conductors and is measured in amperes.
A simple circuit is diagrammed here:
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SOURCE  VOLTAGE
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SWITCH FUSE LAMPF
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\ circuit includes a "hot® wire {red or black) carrying current {rom the source through a
M SIrcui . X ; _
switch. eifcuil protector (fuse or circult breaker), and an appliance. The neutral wire
,“-h-,.:i conducts the current from the appliance to the source (ground).

There are two methods for connecting devices in a circuit--series and parallel. In a series
circuit all the current must [low through each davice in the oircuit,. Removing or Cpening
e - ' - . L
any one of the devices in the series circuit will stop the [low of current, In parallel circults
the Joad [lights or appliances) are connected between the two wires of the circuit providing
an independent path for the Flow of current, and removing a lamp has no elfect an the

niker lamps in the circuit.

Swilches [uscs, and circuit breakers 2re always connected in series. In most chses, except
los some Christmas tree lights, appliances and lights are connected in parallel.

SERIES CIRCUIT FARALLEL CIRCUIT

T, 2 888

|

:

120 Yolt and 240 Volt Circuits

The 120V circuit has one "hat® and one neutral wire with the switch and circuit protector in

the hot line. The neutral wire from the appliance is connected to the neutral bar in the

lugse or breaker box., For safety, the neutral wire should never be broken er intercupted
with a switch or fuse,

120 VOLT CIRCUIT

R A N
ST e Yy hot wire
J o,
120 w. :
1 | |
1 G G D | reuiral wire
i Er LAMP
e A et 5
FIUSE BOX

The woltage in a [20V circuit is measured with a voltmeter with one lead am the hat
terminal and the other lead on the peutral bar, The number of amperes Tlowing may bz

measured with a clamp-on ammeter by encircling the hot or neutral wire with the jaws of
the ammeter.

AMMETER VOLTMETER WATTMETER




The 240V circnit has two hot wires and one salety-ground wire. Switches and fuses are
installed im the hot lines. The tweoe hot wires are necessary [or the pperation of _1’1':'1""
welders and metors. The salety-ground wire, connected to the metal [rame o the
equipment or motor and to the neutral bar, does not carry current unless a "short” develops
in the motor or welder. IF a short should accur, one of the circuit protectors will burn-out
or open, thus opening the eircuiat.

240 VOLT CIRCUIT

120 V. _' ' Y
T H: Rl
—20v.— {500}

: e S

Fied wire

ground wire

Tiz0 V. hot wire

FUSE BOX - _ WELDER

The voltage on a 240V circuit is measeced by fastening a lead on the voltmeter to each af
the hot wires. Voltage between either hot terminal and the newtral bar will be one-hall of
the voltage between the two hot wires. The number of amperes flowing can be measired Dy
clamping an ammeter around either of the hot wires.

Safety Grounding Elecirical Equipment

Refer back to the 240V cirewit and notz the ground wire from the metal {rame ta the
neutral bar. The following illustraticn shows proper safety grounding when operiting 2
drill in a 120V eircuit. The zafety-ground wire may be bare, but a three-wire romsx is
recommended. Safetv-ground wire in three-wire romex is usuaily green in folor. A currsnt-
carrving neutral wire should never be used for a safety-ground. Likewise, a safety-ground
wire should fever be used as a current-carrying hot or neutral wire.

hat [bBlack)

ground satety (green)

neutral (white] _/

safety ground (bare)

=
T O+
120 W

el
B |

SAFE-3-WIRE-GROUNDED

If shart occurs, fuse will blow and open the circuit.




LUsing grounded rezeptacles and a salewy-grownd on all ecircuirs will allow the salets-
grounding of appliances when they are plugged inte the outlet. An adapter must be used 10
properly ground appliances connected to rzcepiacles not salety-grounded. If an adapter 35
wsed, the green pigtail wire must be connected 1o & known ground to give protection [rem
elestrical shock should a short occur.

GROUND PLUG AND ADAPTER

ground wire

ground plug adapter for ground plug two Hot prongs for regulor outlet

A test lamp can be used fo check a circuit complzted betwezen a "hot” wirg and a neutral
wire. Use the t2st lamp to check appliances for shorts. With the appliance plugged into an
putlet, touch the appliance frame with one lead of the test lamp while the other lead of the
test lamp is grounded fo o3 water or gas bins, IF the test light does not burn, reverse the
appliance plug and chack with the test lamp again, 1f the light burns, a short exists. (Hat
wire is touching the frame of the appliance.} Unplug the appliance and repair or discard it

Electrical Clreuit Protection

Electrical circuwirs should be protected [rom an overload of amperes. Too many amperss
flowing through an unprotected circuit will generate heat, which will deferiorate or melt
the insulation and possibly cause a fire. The number of amperss that a given conductor can
carry salely depends wpon the kind and size of wire, type of insulation, length of run in
feet, and tvpe of installation. Charts are available in reference texts giving allowable
current-careving capabilities of various conduciors,

The four tvpes of circuit protection are common [uses, Tusetrons (time-delay), Tustars {two-
part tims-delay), and circuit breakers. Fuses are of rwo basic types, plug and cartridge,

Common Teses conmtzin a link made from a low melting alloy which 15 designed (o carry
current up to the rating of the fuse. Current higher than the amperage rating ceuses the

link to heat above its melting point, When the fuse "blows®, the link melts and epzns the
circuit.

PLUG TYPE FUSE CARTRIDGE TYPE FUSE

3160 omperes

1591-200 omperes




F'L'ISI:I:!'I}'I'IE |:1i|'|'|E-I_'[‘:];'_‘|:-.' fu:.cs] are madse (o CATTY a ttmpﬂrﬂl’}' ﬂ"-":rll:l'nd. such 3% the averlogd
caused by the starting of an electric moter. The fuse, however, still provides protection [or
the circult, and a short circust will melt the fuse link., If a common [use 5 used, the fyse
|.i.|'ll': will melt EVELY time an E]E:[I'jc MOior sigris. Th¢ e of a ]argcr AMpETe COMMAn flJE:
will prevent the "blow® resulting from the temporary aoverload, but will not provide
protection for the motor ar the circuit.

OPERATING PRINCIPLE OF
DELAYED ACTION FUSE

TIME DELAY CONTINUED OVERLOAD SHORT CIRCIUT

Fustats, nontamperakle fuses of the time-delay type, have a different size base and reguire
a special adapter that is screwsd into the standard fuse socket. Aflter the adaptsr is
installed, it cannot be removed. For example, the installation of a 15-ampere adapter allows
only the use of 15-ampere or smaller {uses,

FUSTATS




Circuit breakers eliminate the replacement of fuses and are commanly used even though 2
circuit breakesr box costs more than a fuse box. Circuit breakers are of two types, thermal
and magnetic. The thermal breaker has two contacts held together by a bi-metal latch. An
averlaad of current causes the bi-metal strip to become heated, the latch releases, and the
points spring open, After the bi-meial strip cools: the switch is reset; and service is restored.

T
CIRCUIT BREAKER OPERATION

CLOSED OPEN
— mntzui's.'_-'.
- comtact pein
Bwlteh A poimts switeh E- !
: % |
\P i)
'-,:.: |

' -"-- ."Ih" ! _ -
ti-metal strip 5 n-metal strip

{expended)

o JAE S E et 1eT E-T.I!'l
* co hea 2
hat

The magnetic breaker has contacts that are held tog

sther by a latch which is releaszd by the
action of an electromagnet,

The amount of current [lowing through the circuit will

determine the size of the elestromagnet. This type of breaker is reset by moving the toggle
gswiteh to the "on® position.

The following diagram shows the parts ol a circuit breaker.

CIRCUIT BREAKER CIRCUIT BREAKER

_ projection eontact clip
elestrical contocts

moanwal
operoting
handle

magnetic
ormature
ossembly

thermal element
[bi-metal)

on-off switch terminal
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Mo Fault Grounding

Fuses and circuit breakers are salety devices which limit current {amperage} in a circuis,
Their main lunction is to protect equipment and wiring from overload. Ground fauly
circuit interrupters (GFI) are designed to protect humans, equipment, and/or electrical
systems (rom injury or damage if electricity flows in an unintended path {a short).

A GFI is a very sensitive device that functions by comparing the current moving in the
"hat® wire with that in the newtral wire, IF thess two currents are not equal, a Fault exisis,
and current is "leaking® cut of the circuit. Il the differsnce in current between the twe

wires is 571000 of an ampere or greater, the GFl will open the circuit, shutting off the
power and eliminating any shock hazard.

The National Elsctrical Code reqoires GFI's for all 120V, single phase, 15 and 20 amp
receplacies installed gutdooars, in bathrooms, and in garages for residential buildings, A GFI
is required at construction sites and some othzr applications. Aflter correcting the cirsuit
fault, the GFI may be reset for Turther vse

A varietv af GFI equipment is made for 120 and 240 velt circuits.

GFl RECEFTACLE FOR 1
CONVENTIONAL OUTLET

-

&

PORTABLE GFI TO PLUG INTO OUTLET

reset and test buttons
GFl TS IMSTALL 1M =Fl TO REPLACE
BRAMCH CIRCUIT CIRCUIT BREAKER

test butan
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