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SAFETY

Although electricity is vitally important in carrying

out our daily functions. Tt can alse be deadly if han-
dled carelessly. One tenth of an ampere of alternating
cturrent [lowing through a vital organ can be fatal.Safety
precautions must he taken whenever working with elec-
tricity. The following is a list of precautions to keep
in mind.

1. Never cut off the third prong of a grounded plug, A
2rounded plug mukes power tools and appliunces safer
to gperate.

2, Never touch any wire without making surve that it is
not a live wire.

3. Never turn an clectrical appliance on oy off whilc
your skin is wet. Dry skin has a resistance of more
than 100,000 ohms; wet skin's resistance is 1,000 chms.

4. A current flow of .02 ampercs is the maximum that a
muscle can carry and still pull away from a conductor,

5. Alwavs discennect the master switch or main dis-
connect hefore working on an electrical line or circuit.

6. Alwavs unplug an electrical appliance belore working
on i1t, Simply turning it ofl docs not necessurily make
it safe.

7. Replace worn appliance cords.
8. Unplug cords by pulling on the plug-—not the cord.

9. Never turn an appliance nn ar a(f{ while standing in or
touching a wet arca.

10, Notily the proper authoritics whenever you find hroken
electrical wiring touching the ground. Ta not attempt
to touch the wire with another object.

11. When working aon clectrical wiring that is live, try
to use one hand only. If a person is shocked using
one hand, current will probably flow through the hand
and down through the [ecet, I a sheck hits both hands,
the electrical path would be through the heart, which
could he fatal.

ELECTRICAL SHOCK

Here arc somc interestine facts® about the cause and el-
fects of clectrical shock.

120 VOLTS AND LESS CAN KTLL! The real killer is the
strength ol the current, cxpressed in amperes; and the
right amount of current at 120 volts can kill.

Voltage and ouT body resistance determine the amount of
current that will [low through our body. Dry skin has a re-
sistance of 100,000 to 600,000 ohms; wet skin has about
1,000 ohms rtesistance. Internal body resistance, hand to
Toot, varies from 100 te 600 ohms. Resistance [(rom ear to
ear 1s approximately 100 ohms (do you suppose this last lact
is telling us something?)

With a skin and internal body recsistance of 1200 chms, 100
milliamps (ma), or 1/10 of an ampere, is definitely cnough
current to causc death. Tellowing are the effects (rom
shock caused by currents of various valucs.

Sale Current Values
1 mac Causes no sensation—mnot {elt,

1 to 8 ma: Scnsation of shock, but not painful; in-
dividual can releuse his contact at will,
as muscular control is not last.

Unsale Current Values

B to 15 ma: Painful shock; individual can let go at
will; control net lost,

15 to 20 mas Painful shock; muscular control of adjacent
muscles lost. Cannct let go.

20 to 75 ma: Painiul shock; severe muscular contractions

with hreathing extremely difficultr.

100 to 200 ma: Painful shock; causing ventricular fFibrill
ation of the heart. This is “irrepular
twiching of the wall of the ventrical of the
heart.'" Tt is & fatal heart condition for
which there is no known remedy or resusci-
tation. It means DEATHI

200 ma or over: Severe burns; scverc muscular contractions-—

50 scvere that chest muscular reuction clamps

the heart and stops it for the duration of

the shock. This reaction prevents ventricalar

filbrillation. Artificial respiration should

be administercd immediatelv and ipn most cuses,

the victim can be revived.

*Data compiled by Dr. Pothoff of the National Safetw Council
and by the Pacific Telephene and Telegraph Company.

Don't take chances with eiETiricity.
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BASIC ELECTRICITY

Although very important, clectricity is little understood
by the average person. Electrical knowledge is useful to
cveryone, hut to heating and cooling equipment service
technicians, this knowledge is essential. ATl heating
and cooling equipment utilizes electricity in one way or
another. 1In order to service this equipment cfflectively,
one must understand the principles of clectricity.

DEFINITION

Electricvity is a form of cnergy. Lnergy is the potential
to deo work. Fnergy can neither be created nor destroyed,
it merely changes from onc form to another. Electrical
encrgy can be converted to light energy, mechanical cner-
wy and heat encrgy. Electricity is the movement of
eloectrons. These eclectrons can be harnessed, stored and
put to work for man. Te understand how this is done, one
must cxamine the theory ol the c¢lectron.

ELECTRON THEORY

411 matter, whether it is solid, ligquid or gas, 1s com-
posed of tiny particles called atoms. Millions of these
atoms could be placed on the head of a pin and still not
be secn. Atoms are composed of three cven smaller
particles. They are called electrons, protons and neu-
trons. Thesc three particles form atoms which look very
much like miniature solar systems. The sun is the core
of the solar system; protons and peutrons form the core
or "rucleus” of the atom. The sun has planets revolving
around it; the atom's auclcus has electrons revelving
around it. These electrons travel at the speed of light
186,000 miles per second)

All matter is composed of atoms.

[
o~ ~
Gas

Liquids Solids

In the solar system, the gruvitational pull of the sun
holds the planets in their orbits. In the atom, the
clectrons are held in orbit by their attraction teo the
protons. Hlectrons have 4 negative (minus) charge while
the protons have a positive (plus) charge. HNeutyons have
no charge. Oppositely charged particles (a plus charge
to a negative charpe) attract cach other. Puarticles with
like or similar charges (a plus charge to a plus charge
or a negative charge to a necgative charge) repel each
other. Since electrons and protons have opposite charges,
they are attracted to each other. This attraction holds
the spinning electrons in orbit around the nucleus of

the atom.

Atoms are composed of three smaller particles.

Atoms look like
miniature solar systems.

Nucleus
Contains Protons
and Neutrons

Electron

An atom has the same nuwber of protons as elcctrons. This
makes an atom "balanced. Llectron orbits, however, vary
in their distance from the nucleus. The clectrons in
orbit farthest from the nucleus are not attracted as
strongly to the protons as the electrons closest to the
nucleus. Under certain conditions, these outcr electrons
are knocked or forced out of orbit and become "{ree elec-
trons™.

When an electron is knocked from orbit, the atom has (one)

more protons than clectrons. This atom then has a net
positive vharge and becomes a "positive ion. An ion is
any particle with a positive or negutive charge. The

positively-charged atom or positive lon would then try to
pick up a stray clectron te balance itself. This new
clectron might come from an atom nearby. The electron
which was knocked from orbit will attach to another
clectron-deficient atom. This action creates a flow of
clectrons From utom to atom. This flow of electrons is
called "electricity".

The quantity of electrens or electricity that can safely
be transferred by a conductor is dependent on the size
of the conductor. 1f an excess of clectrons is pushed
through a small conductor, large amounts of heat are
gencrated. Therefore, the cross-sectional arca of a
conductor is the basis for sizing conductors or wire.
ConductoTs are sized according to pauge numbers. The
lower the gauge number, the larger the cross-sectional
aren.

Electron orbits vary in distance from nucleus,

“Free electron”
.

Sorne electrons are knacked out of orbit.

4 protons

More pratons - fewer electrons —
positive charged atom

'/

+ "Free electron”

“Free electron”

Atams pick up “free elertrons.



SOURCES OF ELECTRICAL CURRENT

Mloetn
form ¢ f

ty Fu oo form of enaegu, aed mist be obtaiwed Feom anather

Crer s,

Chemical energy is converted to clectrical energy in a
battery. Action among different chemicals can cause
electrons to be displaced. A coatinued chemical re-
action results in the [low of displaced electrons or
electron flow.

Meehanical energy is converted to clectrical cnergy in a
generator. The wotk of turning the generator shaft is
converted to electrical enerpy.

In order to put clectrons to work, throo items are ne-
cessary: a source, a path and a load, These items com-
bine to form what is called an electrical circuit,

SOURCE

In order for electrons to do work, an excess of elec-
trons is gathered at a particular location. This lo-
cation is called a source. The seurce could be an
electric power plant or an ordinary automobile battery.

A battery will alwuys have two terminals-—one negative
(-1 and one positive (+). The cxcess of negatively
charged electrons 1is gathered at the negative terminal
in a battery, leaving a deficiency of electrons or
positively charged ions at the positive terminal.

Typical Source — generator or battery

PATH

There must be a way to transport the electrons from the
source to the place where electrons will be pur to work.
A metal conducter or wire is usually the method used to
transport electrons. This wire creates a path for the
clectrons to get to the point wherve work is to be donc.
This wire [rom the source to the work area is called
the hot (H} leg af the circuit. (The hot leg will
sometimes be designated "LIM.)

path '
hot teg {H) 14

waork

Electrons must have
path to follow

source

LOAD

A load 1s the term used to designate the point in an
electrical circuit where electrical work is fto be dene.
The load will always have resistance to electron flow
as electvical epnergy is converted to other forms of
enerpy. These other Torms of energy are heat eneryy
fused In a twoaster), light energy (used in a light bulb)
and mechanical encrgy fused to run a clock). When
electrical energy converts to other forms of ecnergy,
work is heing done.

hot leg {H}

neutral leg {N} waork

o

El:ctrical work is done.
source

After the electron flow has passed through a resistance
or lead, there must be an clectrical path from the load
hack to the source. The wire that runs {rom the Inad te
the source is called the neutral (N) leg of the circuit.
There is anow a source, a path, a load and a path back to
the source. This completes the circuit and allows the
clectrons to flow.

CONDUCTORS

In order lor electrons (electricity) teo do work, they
nust be transported from one place to another. Electrons
can be made to flow inm all matter. However, this flow

15 much easier in some kinds of matter than others, The
atoms of some mutter hold on To their electrons in their
outer orbits very tightly, while other forms of matter
casily losc electrons from their outer orbit. To trans-
paort electrons, material should he selected that permits
casy [low. Materiuls that permit this casy flow are re-
forred to 43 conductors.  Exomples ol good conductors are
silver, copper, aluminum and mercury. Conductive material
is usually formed into wire. Wire permits easy trans-
portation ol electricity over pgreat distances.

The quantity of electrons or electricity that can safely
be transferred by a conducter is dependent on the size of
the conductor. Tf an excess of electrons is pushed
through a small conductor, large amounts of heat are
gencrated, creating & hazardous situation. Thereflore,
the cross-sectional area of a conductor is the basis for
sizing conductors or wire, Conductars arc sized ac-
cording to gauge numbers. The lower the gauge nunber, the
larger the cross-sectional area. The Natlonu! LElectrical
Code sets the standards for the safe sizing of conductors.
Measuring clectron [low and determining the size of rthe
conductor to be used will he discussed later in this
section.

INSULATORS

Insulators are those materials that have extrcmely low
conductivity. These are materials that hold tightly to
their clectrons in thelr outer orbit. Some good in-
sulators are rubber, plastic and glass.

The properties of conductors and insulators are essential
in utilizing electricity. Conductors put electricity
where it is needed; insulators isolate the flow of
electricity.

GAUGE NO. CROSS SECTIONAL AREA OF
CONDUCTOR
20 GA.
1B GA, [
16 GA.
14 GA.
12 GA. ®
10 GA,
8 GA.
B GA. .
4GA.
o

Good conductor Good insulator



ELECTRICAL FUNDAMENTALS

VOLTAGE, CURRENT, AND RESISTANCE

To pet at the pructical concept of clectricity, let us
consider for a moment the [luid (Towing throuph a plipe,
as shown in TFigure 1. You must have: 1. A& prossure
driving the fluid Crom the pipe infet to the outlet.

2. Fluid flow through the pipe. 3. Soewc opposition

to the flow caused by [rilction or restrictions in the
pipe.

Flud fiow i

Resistance
Tram ppe

Pressuce pump

Figure 1 - Fluid {low through & pipec.

Current = [{ampereainy

Resistance - R (uhras)
Lenerator |E (voltage)

Vigure 2 - Tlow of clectrons (electric
current) through a conductor.

These same three conditions hold true for electricity,
cxcept that the names and symbols ave different, Fig.2Z.

For clectricity you must bave: 1. A pressurc between
the conductor inlet and outlet called a voltage,
2. Flow through the conductor called an electric
current. 3, Some oppositinn to the flow causcd by
"electrical [riction™ called resistance.
L: wvoltage, ar pressure, cxpresscd as c.m.f.
It is a unit of mcasure of the push, or
pressure exerted asainst resistunce.
T: amperage, or quantity of current. Amperapc
measures the amount of {low nf electrons
per second,

R: OlMs, resistance or opposition to flow.

VOLTACE (Pressurc Differencce)

e H
; ¥ ‘ AT puliope tee Ll e
efperit.  Just as water will not Mlaw through a pip

unless therce is pressurc hehind it, so current will
not flow through a wire unless there is voltage
behind it.

Fizure 3 - ¥oltape (Pressure Dif{{erence)

In TFigure 3, the pressurce on the water in column A is

sreater than the pressure in column Do Therefore, due

to the pressure difference, water will flow from B to C.
ool i N % N i T ]

7

o feeiplenl e

AMPERAGH

Napepand

Just as we could place 2 water meter In the pipeline and
measure the number of gallons per minute going through
the pipe, we can place an ammeter in the circuit and
measure the number of clectvons going by cach minute, or
«econd.

Unwieldy to count actual electrons

Electrons measured in AMIPERES

Electron flow is measured in amperes {A}.  One amperc
{ov amp) eyuals 6.28 quintillion clectrons passing 2
given point in one second.

Just as 4 wotrer hose is sized according to amperage.

FFor example, the chart helow 1llustrates that a 14 gauge
copper wire and a 12 gauge aluminum wire have a rating
of 15 anps. This differcnce is due to the varying
capabilitics of different wires to carry clectrons.
Different materials require different sizo wire to carry
the same quantity of electrons safely duc to the amount
of heat generated by friction within the wire.

AMPS COPPER ALUMINUM

T 14 GA, 12 GA.
20 12 GA. 10 GA.
25 10 GA. 8 GA.
30 10 GA. & GA.
35 8 GA. 6 GA.
40 8 GA. 6 GA.
45 & GA. 4GA.
60 4 GA. 4 GA.

Wire sized according to amperage.

RESISTANCE (Oppesition to Tlaw)

¢
LTI

FHAE FE I S

Lpri Ciew wp cowrront,  Somoe

mialerials allow current to [low through then casily and

we sav that they have o low resistance. Otler materials
do not allow current to pass through them and these have
a hiegh resistance (BHigureo 1),

Fivure d

fesistunce



To et BN The more ohms, the greater

i gt
the resistance.

o e e

s fiert g
:

Resistance Is generally associated with o Joad. As
clectrons fiow through a conductar, they have a tendency
to crowd and push other atoms and clectrons. This crow?
ing is minimal and causes lTittle resistance in the con-
ductor, However, a loead acts wmuch like a funnel, cansing
greater crowding of the electrons.  This resistance to
{low causes heat. In the casce ol an clectric toaster
(heat eneresy), this heat is desirable.  Tlowever, when
electricity 1s converted to Tight or mechanival encrov
(i.e., light builb, clock), heat is un undesirable hy-
preduct,

GENERATING ELECTRICITY

To utilize electron floew or electric current, the source
produces one of two basic types of electric current:
alternating current (AC) or direct currcat {NC).

to be a current which flows in one
direction only. This is bascd on the fuct that eolectrons
alwuys flow from the negative teyminal to the positive
terminal. A chemical reaction inside the buttery main-
taing the potentisl diffevence by depositiong electrons

on the negative terminal.

pattery plate
— negative

.,.o
— W R

DIRECT CURRENT is said

positive 4

/\eledmns

electron movement

If a wire 1s connected [rom the negative terminal to a
light bulb, then to the positive torminal, a circuit
has been created., The clectrons will mave through the
wire from the negutive ferminal to the light hulb then
toe the positive terminal. This is direct current.
Direct current will continue to flow until the circult
is broeken, ar the source stops supplying clectrons

{due to g chemical breskdown in the case of a battery).

Electrons move from negative to positive.

ALTERNATING CURRENT [lows [rom negative to positive

but the farce which causces the electrons to flow keeps
changing {rom positive to nepative, Tesulting in a
current which tlows through a conductor in onc direction
for a split secom!, then [lows in the opposite directien
far a split second. Current alternates because of a
technique used at the pawer plant called electro-
magnetic induction. This technique is based on power
generated by passing a conductor through magnetic

lines of lorce.

Induction invoives the following principles:

1. Whencver there is an clectron flow in the con-
ductor, a magnetic {ield surrounds the vonductor.

2. Whenever a conductor cats magnetic lines of force,
clactrons are cxcited in the conductor and volrage
is penerated,

The ypeneration ol ALC, will bhe explained later,

Power Plant 1

UNDERSTANDING COMMON CIRCUITS
SIMPLE CIRCULT

A simple clrcult is a circult that has u source, a path
ta the load {hat lepd, a load and a puth back to the
source [neutral lep), With this cirvcult o toaster can
roast, « light can glow and a ¢lock can keep time. All
electrical enerygy 1s used at the leoad. This electrical
cnergy is converted to cither heat eneryy, light ecnergy
or mechanical encruy.

- .
L1 - poy it s,
. -
source load
N %

CIRCUIT NOT CoMPUT
10 BATIERY TRRMINAL

Complete Circuit

SERIES AND PARALLEL CIRCUITS

In refrigeration work it 1s often necessary to usc two
or more pieces of equipment in onc electrical circuit,
may be connected In a number
to Boweven Tntrpleate, may bo
ita, parillel

Trrd b

R1 Rq R3

Forthe purposes ofths dretission on circuits, loads

il b shown aither as hght butbs, jagged IIines or

resistance symbols

Series Clrcuit



SERIES CTRCBTY PARALLEL CIRCUITS

one palkhonas peo

£Lonapion aimemld o do one fn o ohich {he peaditaree onoo o rer

devicen are wmnested end Lo end co thal the cume curvemt Plows in creppeitonigit o are Ales ¢lred B -
gach parl of fhe eiredt, Almost everyone is {amiliar with more {hak o e Bowkioh curpent lhese circuits
the string of Christmas tree lights in which all ol the Are known as p circuits.

lights go out when any one of the lights burn out. Thesc

lights arec connected in scries. /?:otal I Y 12‘* I3Y
Ry

\lt,/ Ry R3
=

~
—
-

L1+

Parallel Circuit
Remove one bulb — nane work

N Loads are wired end to end. N

The three laws of a series circuit summarized below,
should be committed te memory:

. s delal pecintance fn fhe wan of Lhe Tndividual
rests lance.
L. The same curpenl [lows in each part of Lhe of rouit, 'he three laws of a parallel circuit summarized below,

should he memorized:

oo The qum of the veltage draps aceons the individual

. . ‘ The seme 9o L i worn oot
reaistora is cqual to the tolal or applied pollage, a.  The aame vollage ie aerovs ecch pesictor.

goequal be the
dual hranches.

Lo The tobal cuprenl 4n a popallel cipoeu

The Following formulas arc very helpful in solviny ! s
suwn of the currenta Mloding in the indit

clectrical circuits:
. The total recistance to alvaye less than the smalles!
Total Resistance: Rtotul = R, o+ R, T:?Ed?:’)?:(ﬂaa? 2 arErfnee n the ctreurt and can be fouwnd by
1 2 dividing the applied voltage by the total cuppent.

Total Voltage = [ toral = B, = L; = ES
20 Oh
—;‘:
-~
A -120 a -z c - 120

Total resistance of circuit 40 chms

N L _

N
{lurrent through Resistor No. 1 = Il = B
; R
Toetal Current: 1totu} = Ltotal !
Rt Current through Resistor No. 2 = i, = lfi
2
mperage up .
Resistance down Amp Current through Resistor No. 3 = 1; = E_
Total Current = I total = Il + I2 + Ii
L1
5 W
RBsrst.;m:e up A amps
),
e . A- B -
&0 ahms 10 ohrns
2 amps 12 amps
Voltage drop at resistor No. 1: By = T x By
Voltape drop at resistor No. 2: F,=1Tx Ry
- N
Voltage drop at rcsistor No.o 3: Fp = I x Ry 2 amps + 12 amps - 14 amps
Tata! Voltaye: E B e otk Tota! Resistapce = R tetal = [ teotal
total = 1 2 3 T Total
Total Resistance 1 .1 w4 .1
R Jotal "R, R, R
L1 1 2 K
wvaoltage
drop
40V voltage L
drop
voltage aov
drop
zaro ¥ 40V ‘J 12 2 12
N ohms ohms ohms
Equal resistance
in all loads N

Equivalent resistance of gircuit is 4 ohms,



SERIES-PARALLEL CTRCUITS One vital part of circult analysis is dc\rerming how many

parts are connected in the circuit.  Basically, thore are
Series-parailel eircvit tai el grouwps of paratiel o only two types of <ircuits, series and Dax‘ailcl A com-
in series with other regiotora.  Any leg of a parallel groun may bination of thesc is L.J.lled e‘I‘lES*Eﬂlele]
eletch: of iwo or more re in series. Series- paral]el
circuits may be solved by application of the rules al-
ready given for simple series and parallel circuits. To ——
do this, the series-parallel circuits is reduced tn an

bosroupr of vvzy'a : [

equlvdlcnt simplified circuit. Tach
: laced by ite aquivalent gle r
£ iy then ireated of o gerles ofpenit.

(b} Parallel Conpeclion - vottage drop, ¥, 1% the same

Terons «l rebistances and)s equal to E. Total cur-
rent, 1, 1s the sumof the separale branch currents,
Iy, Ty, and i

Series-Parallel Circuits (Four Resistars)

(a

Series Connection — current [ s the same for all -

resistances, and tolal voltage drep 1s the sum of the _
drops ¥y V Vy across H Ry, Ry rk,E

]

Rg Ry
Series-Parullel Circuits (Eight Resistors) +
E
A
b AAA,
12 ghms
120v B Total c (e} Serses - parallel Caunection {d) Series Parallel, and Series-Parallel Conrection
3¢ ohrms 12 ohms 6 ohms 12 ohms - -
[ Schematic diagrams of basic electrical circults,
N
.
12 shms OHM'S LAW

Totat circuit resistance = 30 ohms

Tn 1827, Gecorge Simon Ohm found that the current (low [
thruugh a conductor was proportional to the applied
voltage E, and inversely proportienal to the resistance
af the clrcuit R. Although today this statement seems
hardly surprising-—that is, that current I goes up when
voltage [ 1s incrcased and poes down when resistance R is
12 ghms increascd—the equation expressing this relationship 7s a
4av cornerstone of the modern use of clectricity:

< {1} Current in amperes (I} - D.M.F. in volts (E)

32 ohms Resistance in ohms (R)

24Y

Bl

or, I =

The equation can be used to find veltage and resistance
when the other factors arc known,

12 ahms (23 R = =
aBY

Or when current 1 and resistance R are know, voltage E
can be found:

A (31 [FRE I §
L1
Menm‘“ Methed. 7The formules for solving problems involving
Ohm"s Law must be lcarned. Do not bypass these formulas—

rhey must be understood and remembered. A simple aid to
memorizing the Ohm's Law formulas is shown in Figure 5.
Part A of this {igure shows a circle with the three symbals
arranged in scparate spaces. If any one of the symbols

is Coverod the arrangoment of the other two symbols forms
the riy_htfhﬂnd side of the [ormula for detcrmunnp the

B value of the covered symbol. Thus, if a finger is placed

120v

30 ahms 12 ohms
24y

A




over the I (B of Figure 3), E/R remains, and indicates
that T is esgqual to E/R. If § is covercd {C of TFigure 37,
E/I rcmains, and indicates that R eguals E/I. In the
same way, if E is covered (b of Tigure 5), IR remains,
and indicates that E equals IR.

€ — vohage E-IR

! — ampérage _

R = resistance I-€!R
R-E!lIl

Bigure % - Memory Aid for lecarning Ohm's Taw

Units of Measurement. 7t {g beat when solving problems wi
Shm's law To uae the practical wnite of medsuremendi; Lhat Lo, o
terms of volts, amperes, and ofms. Problems are frequently
given With fractional ar multiple vulues of these units,
such as the milligmers, kiln o gush

Jiven in a pras7 wonpert all - banie writ volte,
papes, wnd ohms.

SAMPLE PROBLEMS

Some examples will clearly illustrate Qhm's Law,

SERIES CIRCUITS

Serles Circuit Example 1| — Three 20-0hm loads in series

give a total circuit resistance of 60 ohms. The total
Circuit veltuge is 120 volts. To determinc the total
circuit amperage, divide 120 volts by 60 ohms, This
equals 2 amperes. Since the amperage is the same through-
out a series circuit, the tntal amperage is cqual to
partial ampecrages at each lsad. Individual load veltage
drops can also be caleulated with Qhm's Law. 20 ohas
multiplied by 2 amps equals 40 volts, The sum of the
individual voltage drops tatals the source voltage

of 120 volts.

1 -
200)
120y 20{}
20(]
N
RTOTAL - 60{)} 120v R PARTIAL - 201)
— - 2AMPs
ETOTAL 120v sofl ITOTAL - 2
200x 2 AMP 40w
20x 2 40v
20 x 2A ~_A0w
1z2ov
PARALLEL CIRCUITS
Parallel Circuit Example 1 --— liere, 30 ohm loads are
wired in parallel. The additional paths for electron flow
give the effect of reduced c¢ircuit resistance. The

cquivalent rtesistance of these three loads is 10 chms
which makes the total circuit resistance 10 ohms.
Equivalent resistances can be (ound bhy:

1 1 ! LI
= — o+ = = R
RBr [34] Rz Ra Rt *
30
1 . 1_ B = 3
. = _— + — —
Ar 30 30 0

e - oMl

Using Ohm's Law, find the total circuit amperage by di-
viding 120 volts by 10 ohms or 12 amperes. 12 amperes
times 30 ohms ¢quals 360 volts. This is not the po-
tential difference at cach load. Remember, in a patailel
circuit, amperage divides. lere, each sub-circult has
the same resistance so the amperage will divide equally.
This means that there will be 4 amps in each subcircuir.
Since 120 volts is present across each path, Ohm's Taw
can be uscd to check this. 120 volts divided by 30 ochms
equals 4 amps.

L1 -
120v o 1002 0}
N -—
1 1 1 1
—_——— i —
Ar 301 3001 300Q)
120w
R, Tl:u.wps-»x
Ar 0 1
1 3 30
;a=5 m::;71on
SERIES-PARALLEL CIRCUIT
Series-Parallel Circuit Example 1 -— This is a series-

parallel circuit with a 20 ohm locad in series with two
20 ohm loads, which are in parallel with each other. The
equivalent resistance of the two 20 ohm loads in parallel
is 10 ohms. “Therctfore, the total circuit resistance is
30 ohms. 120 volts divided by 30 ohms equals 4 amperes.
4 amperes at load A mcans the voltage drop at load A is
80 volts. 120 volts minus 80 volts equals 40 volts left
for load B and €. 10 volts divided hy 20 ohms cquals 2
amperes. Since the resistance was the same in cach
parallel leg, the 4 amps divided equally through cach
nath,

A
L1 -0
20}
B c
120v 208} 200}
N -
1 1 1
-
R zof} 200} Rr ze{Y+r0f) s0l}
l__ 2 120w
- — 4a -
R 20 w0 MPS - I
0
R~ 1w} 40v
2 —— - 2AMPS - T
20{1

ELECTRIC POWER

When an electric current flowq through a circuit, the
circuit delivers "power'” in the form of eleLtTiCal energy,
chemical energy, thermal cnergy, mechanical enerpy, etc.
Thus, the passage of an electric current throush a wire
will result in the genmeration of heat or heat nergy;

when uscd to recharge a butterv,it is translormed to
chemical cnergy; when used to powcr a motor-driven blower,
it i1s changed to mechanical energy.

The rate at which power is supplied to a direct-current
circuit is represented by the equation:

Power (P) = Volts [E)} x Amperes [(T),
ar, P = LEf
Power may also be cxpressed in other forms of equations

which are shown in Figure 5. The unit of power is the

watt(W). One very important form of the power cguation
Is:

>

(5) P =1"R



Figure & - Power equations wheel

Cquation (5) shows directly the amount of clectrical
power delivered when current passes through 2 resis-
tance.  Now, assume [ = 2 amperes and R = 3 ohms.
Using equation (5), veu can find that 7 amperes of
current passing through a resistance of 3 ohms will
require 12 watts of power.

What happens to this electric power? When delivered
to a resistance lead, 1t is changed from electrical

energy to heat energy. If the process continucs (ov

one hour, 12 watt-hours of electrical cnergy will
have been converted to heat energy. Since 1 watt-
hour - 3.413 Btu, the circuit wiil develop 12 times
3,413 Btu of heat encrgy or about 41.0 Btu during

1 hour.

LOAD

—o| M o

Voltage

LOAD

Resistance

LIGEND:

V - Voltmeter
T - Ammetcr

- Obmmeter
W - Wattmeter

MEASUREMENT

e

Figure 7 =hows instrument connecticns to measure voltagce,
cuvrrent, resistance and power. The c.m.l. or potential
prescent at any peint in g circuit is measured by a
voltmeter connected across the cirvcuit, and is cxpressed

in volts. Current flow through the load is wmeasured in
amperes by placing an amncter in "serics" {see below) with
the Toad. The direct-current rvesistance of an clectrical

companent cun he measuved by first disconnecting the
componcnt {from the circuit, and then using an chm-meter
acrass its torminals to obtain o reading in ohms.

The rate of energy consumption by the load is expressed
in watts and is measured with g wattmeter. 1t should be
remembered that watts 1§ 0 rate of power consumptinn
rather than total power consumption. Total power con-
sumption depends upon how long power has been supplied

at a certain rate and 15 usually weasured in wati-fours oo
; ;

S Fewxpt e (7 Dol s = D098 wat o),

WIRTHG SYMBOLS

The last two pages of this manual lists wiring symbols
commonly uscd on circuit diagrams of heating and air con-
ditioning systems. To indicate the various component
parts, our discussion so far has dealt mainly with re-
sistive componcnts, but later we will discuss inductive,
capiacitive . and other components as well. The figure
shows symbols [or many ol these,

E LOAD

Current

|
:
|

Energy Consumption

(includes current-carrying

coil and voltage measuring coil)

Tigure 7 - Basic

electrical measuremecnts.



MAGNETISM

Magnetism plays a major role in the o
operation of many room thermestats.

Permanent magnets arc vital in the

peration of modern efectrical deyices.
Figure & highlights somc of the important features of permanent magnets.

——

|
1%

\
i
\

Bar Hurseshoe

™~
Ny) )

% —=_0
sw—-__‘: Rod
I =/ G

/

Ring

VAt N
~
/77
\
N

—_— -
Common shapes of permanent magnets.

Bar magnet - magnetic lines of force con-
centrate at the ends aof oppasite polarily in

the pattern shown,

Permanent magnet Temporary magnet

‘ﬁOKQ\

~ -~
S Nf--=1S N

—— ]

"‘-\ .-
I
R \V ey Hard ailoy steel Soft 17on
Wy F
A
Py Magnetic induction - permanent maghet in-

duces 4 magnetic field in soft iron bar with
oppesite polarity shown. Temporary mag-
net loses its magnetic held when separated

from permanent magnet,

Magnetic repulsion - like poles of two per-
manent magnetics repel; opposite poles attract,

[ron armature

Mavnetic puil - attraction force on 1ron armature i1s mversely proportional
to the sguare of the distance between them, At 1 2 the distance there 15 4
times the poil: at twice the distance the pull 15 1, 4 as vreat,

Figure 8 - Magnets and Magnetic Principles
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Magnetic field
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Current flow / / N /
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(a)

{c)

[h) Magnetic

Figure 9 Elcctromagnetic clfects:
carrying conductor.
netic field arpund solencid coil

around coil moves

ELECTROMAGNETIC EFFECT

When electric current pusses through a conductor, it

sets up a magnetic field around the conductor, as =hown
in Figurce °© 4 UDmpass recly suspended

small magnet) is placed near the wire, the compass

needle will deviate [rom 1ts normal north-south pesition.
We say that current flow through a conductor scts up
magnetic "lines ol {orce” around the conductor, which
influences the compass. These lines of fovrce exert a
definite phvsical effect on magnetized or magnetic
substances.

Normally, Tor a small current flowing through a single
wire, this effect is of little importance., Rut by
winding the conductor inte a ¢oil, Figure 9 (b), a more
concentrated and useful magnetic ficld can bhe ser up. We
call such an electric winding a coll, or a selenoid.

Tts one important job is to increasc the styength of the
magnetic field to a usahle level.

Now suppose we apply a d-c¢ voltapge across the conds

of the coll. Once the magnetic Ficld has been buil up,
the caoil acts like a pcrmanent magnet, having a aorth
pole, a scouth pole, and lines of force.

Because air is a poor "conductor™ of magnetic lincs of
force, we may place a soft iron core through the center
of the coil, Figure 9 {(c). This increases the number of
lines of magnetic force, aund therefore strengthens the
magnetic field.

Figure § (d) illustrates a vertical c¢oil and an iron
core. It shows bow a solenoid-operatcd plunger works.
When voltage is applied to energize the soidnoid, the
electromagnetic f1eld pulls the iron-core plunger up
into the center of the solenoid. When 1the circuit is
broken the plunger, no longer hecld by electro-magnetism,
drops down because of the force of gravity or a spring.

iron corc when current

-11-

field arcund air-core coil
with iron core.

Current "Off" Current "On"

(d)

(a) Magnetic field around current

{c) Mag-
[d) Magnetic field
flows throupgh coil.

The action of solenoid-operated plungers is widely used
in control work. Such a plunger c¢an be attached to a
valve seat or disc. Energizing or de-emergizing the
soleneoid attracts or relcases the plunger, causing the
attached valve seat to open or close the valve.

[y

— v -——
Current "ON"'

Current "OFF"

Figure 10 - Klectromagnetic controls:

valve.

(al Magnetic
(b} Magnetic switch.

The magnetic valve shown in Figure 10 (a) illustrates this
principle. With the coil de-encrgized, the valve stem and
scat are held down by the force of gravity or a spring to
shut off flow through the valve. When the coil is ener-
gized, its magnetic field 1ifts the valve stem and seat,
opening the valve and allowing fluid to flow. Electre-
magnetic wvalves are usually called "solenoid valves."

You will rind them used for starting or shutting off the
flow of gas, oil, air, water and refrigerants.



The same electromagnctic principle is used to actuate many
switchine devices, Figure 10 {b), called clectric relays,
contacturs, or motor startors.  Only oa amall courrent necsd
Be passed throuph u coll to ¢lose or open the contucts,
which in turn can switch comparatively large load currents
on and off. Also, the voltage applicd to the coil may he
cither the same or different from the voltage of the con-
trolled circult.

ELECTROMAGNETIC INDUCTION

Tn 1831, both Michael Faraday and Joseph lenry discovered
and demonstrated the principle of electromugnetic
"induction" which, as vou will see, was a most bwmportant

step in applving clectric energy. L[ o magnetic field
is moved past a conductor or if the ¢onductor is moved
through a magnetic f{ield, and electromotive Force is

induced in the conductor. Tigure 11 shows the experi

mental arrangement [or demonstrating this effect.
Meter
. ’
Permanent magnet
Coil
Figure 11 - Magnetic induction with station-
ary coil. Bar magnet is run in and out of
¢oil to induce a current in the coil and cause

a reading on the meter.

A4s the permanent magnet is moved into or out of the coil,
its magnetic lines or force cut across the turns of the
coil, This induces a veltage in the coil, which will he
indicated by a sudden deflection en a voltmeoter con-
nected across the coil. As the permanent magnet 1s
moved inte and out of the coil, the dircction of current
flow reverses.

The conductor need not be formed into a coll. A magnet
moved past a straight piece of wire will demonstrate the
same effect. One application ol the induction effect is
in the transformer, Although the transformer will be
discussed later in the section on alternating current,
we might look hriefly at its opervating principle here.
Figure 12 shows a primary winding connected ta a
battery. A secondary winding is placed closc by, but

is net coprected to the primarv winding. Opening or
closing the power switch results in a sudden movement

of the voltmeter connected acress the scoondary winding.
The sudden increase or decrease of current throupgh the
primarv winding has cavsed & magnetic [ield to build

up or collapse. Since the lines of this field cut
across the secondary winding, any sudden buildup or
callapse generates a voltage in the secondary circuit,

Secondary cml

Switch

Battery——

T—

Primary coil

Magnetic field

Figure 12 - Transformer principle: Opening
and c¢losing switch causes current to [low
in primary cojl thus setting up a varving
magnetic field. Tield cuts secondary coil
and induces current in meter circuit.

-12 -

FENERATOR EFFECT

The generator cffect Is in a sense the veversal of the
clectromagnetic effect. In 4 generator, a miaghetid

field is used to produce an clectric current. As Jis-
cussed previously, when a conductor cuts across magnetic
i T force, an ¢.m.f. or voltage 1s created, as shown
in ligure 13 {a). 1¢ the conductor is formed into a
ctlosed loop, current will actually flow through the loop.
A phyvsical force must be excrted to move the closed loop
through the magnetic field. Thus, in the generator
effect, mechanical cnergy is vhanged into electrical
cnergy.

() U a wire is moved through a magnetic field, current
will be induced in the wire.

{b} U current is passed through a wire in 2 magnetic
field, a force will result and the wire will tend to move

Figure 13 - Schematic of generator effect (a)
and motor effect (b},

MOTOR EFFECT

Flectrical encrgy can be changed into mechanical energy by
applving the motor effcect. When u conducter is placed
in a magnetic field and current is paussed through the cen-
ductor, o mechanical force is developed which tends to
move the wire, Figurc 13 (b). This force 1s the bhasis for
all rotating electric motors.

BACK E.M.F.

When a voltape and current in a closed circuit are induced
in a ¢onductor by the motion of a magnet or magnhetic field,
un opposing magnetic {ield will be produced by the induced
current in the ¢onductor. Or as stated Dy Lenz's Law, a
current sct up by an induced e.m.f., will be in such a
direction that its magnetic field oppeses the motion
gencrating the e.m.f. Referring again to Vigure 11, the
induced magnetic field scot up in the coll tends to resist
the movement of the magnet into the coil.




ALTERNATING CURRENT

S50 far we have becn discussing basic electricity as
applied to direct-current (d-c) circuits. Now let us
turn to consider alternating current (a-c)} circuits.

Early electrical systems were supplied power from d-c
generators. While d-¢ power distribution still offers
advantages in some applicatieons, the alternating-current
{a-c) system of power generation and distrihution is
greatly superior in mest modern applications, and a-c
power has been almost universally adopted through the
United States.

Alternating current flows along a conductor first in one
directicn and then in the other. These rteversals of
direction occur periodically and very rapidly. Each
change of direction is called an alternation and every
two alternations are called a complete cvcle. The
nunber of cycles per second is called the frequency of
the alternating current. [In the United States, a
standard frequency of 60 cycles per second (60 cps) is
employed in most communities.

This rapidly changing direction and quantity of current
in a conductor sets up a rapidly changing magnetic
field around the conductors and in coil windings.

Figure 14 (a) shows the basic principle of how a-c may
be generated. Figure 14 (b) is a graphic representation
of a "sine wave" curve showin g how the output voltage
of an alternator can be illustrated,

The voltage starts at 0, rises to a positive maximum,
decreases through 0 to a negative maximum, and then
rises to 0, thus completing a single cycle to two alter-
natiens.

m
600
/ \ Voltage magnitude and polarity
rd
A
Rotating conductor
/ ' . ./
% 'l © 90! 18 P 3607
ﬁhhnnq___j|'§;0= —
Brushes Permanent or
electromagnete s
/ Time ——
180° (b)
(a)
Figure 14 - Schematic of alternater (a), and typical sine wave curve

of alternator voltage output (b).

TRANSFORMERS

The main advantage of a-c¢ distribution is that voltage
can be changed or "transformed" easily. The generated
voltage can be stepped up or stepped down to almost any
voltape required.” Referring To Figure 12, you wili
recall that a conductor or coil could "induce" a voltage
in a nearby conductor while the magnetic field of the
primary coil was building up from zero to a maximum,

and again when the magnetic field was collapsing from
maximum to zero. In the same changing field, the voltage
will be properticnal to the number of turns of the coil
in the “primary" and "secondary." Figure 15 illustrates
the principle of s voltage transformer, which is a simple
methed of increasing or decreasing voltage of any a-c
circuit. A core of iron is indicated in a form commonly
used for hetter efficiency. MNote that in any transformer,
the wire sizes, number of coil turns, and size and con-
struction of the iren core must vary with the power
[watts or volt-amperes) requirements.

Transformers are rated or sized according to the amount
of power the sccondary can handle. The power capability
is expressed in va, which means "voltage x amperage."
If the secondary veltage of a transformer is 24V and the
amperage capacity of the secondary is 2 amps, the va
rating of that transformer is computed as follows:

-13-

TRANSFORMER RATING = VA

VA = VOLTAGE X AMPERAGE
VA = 24V X 2 AMPS
VA = 48VA

This transformer is rated at 48va. This is the operating
capability of that transformer. This transformer should
not be replaced by a transformer with a smaller va rating.
in time, a smalier va rated transformer will burn out.

The transformer can be replaced by one with a larger va
rating.

Figure 15 - Basic ''step-down'' or "step-up" transformer.
"A" has twice as many turns as "B'. 1If an a-c voltage

is supplied ta "A'', the output voltage from "B" will be
1/2 of "¥,", If "B" receives an input voltage, the output
voltage at "A" will be tuice "V




IMDUCTANCE

Now let us recall that as the amount of currvent flowing
in a conductor changes, the magnetic field set up around
the conductor cxpands or decreascs, and the opposing or
back e.m.f. set up resists the [{low of current passing
threugh the gonductor., This is called self-inductance.
While the magnitude of this inductance is relatively un-
important in a straight conductor, the resistance due to
the inductive effect can be dpportant and sizable when
conducters are coiled. If a ¢oiled conductor is carry-
ing a-«, the "inductive resistance” can far execced the
“conductive resistance’ of the conductor and depends on
the number and spacing of the coil turns, type and lo-
cation of iren "cores" ete. This "inductive resistance
is reactunce and, like conductive resistance, is

1"

The capaciter actually stores electrical emergy (in an
“electric field" between its plates), and for a brief
perind while the plates are charpging, a current will flow,
as indicated by the ammeter. Once the plates become
charyed to the same voltage as the source, the current
(flow of clectrons) will stop. Then, if the capacitor

Ls discvonnected from Lhe buttery and the two plates are
connected together, a discharge current will hriefly

flow, this time in the opposite dircction.

It c¢an he seen that a <capacitor, when connected to a d-c
source, will only momentarily carry a charging current
or discharging current. Thus, ufter the initial surge of
churging current, a cdpacitor serves to hlock direct
current . T

measured in ohms,

The veoltage or "back e.m.f." set up by "induction”
opposes the current flow. In an a-c¢ circuit, the build-
Up of current in onc direction and its decrease to 7cro

is slowed by "inductance” so that the current "lags”
behInd the voltage changes. In a pure inductance Toad,
the "currvent is out of phase” or [alls behind the voltage
changes by 90°. Graphically, Figure 16 shows this offect.

115y AC
80 cycles

Capacitor

— . Amperes
~
N
N\
N\
N\
uﬁ*‘ B 13607
n /
N /
N s
- /s
S
Time .

Figure 16. Relationship of voltape and
current in a pure inductive circuit; i.e.,
a transformer. Current lags veoltage by 90°

CAPACITANCE

In your work with controls and contvol moters, you will
encounter components called cupacitors or condensers. [o
understand how a capacitor works, let s assume we have
two metal plates scparated by an insulator [(called a
"dielectric"), and electrically connected to a battery
through an ammeter and a switch, as shown in Figure 17.

The e.m.f. or voltage of the battery will force "free”
electrons to flow toward one plate. This plate will
accumulate a surplus of electrons, or a negative charge,
while the other plate will become deficient in electrons

and therefore will carry a peositive charge. FElectrons
will continue to flow until the "potential differcnce"
hetween the two plates becomes the same vulue as the
battery voltage.

Current meter
Swatch
— -

= DB-C puwer supply
T

Insulatig drelectric

Figure 17, Schematic of a capacitor

in a4 d-¢ circuit.
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Tigure 18, Schematic of a capacitor

in an a-¢ circuit,

Now let us connect this capacitor to an a-¢ source, as
shown in Tigure 18. Because the polarity of the current
reverses cach 1/2 cycle, the plates of this capacitor

are charged, discharged, charped in the opposite direction
and discharged--60 times each second.  Although the elec-
tric current does not flow through the capacitor, clectric
current does flow through the elcctric lamp shown, and the
lamp consumes electric power.

The practical unit for the vapacitor ts the microfarad.
In the cxaaple shown, the vapacitor is rated af 5 micro-

farads.

By contrelling the [low of a-c¢ current to the lead, the
capacitor acts as a resistance to the flow of alternating
current. The type of resistance 1t offers to a-¢ 1is
called capacitive reactance. As capacitance (in micre-
farads) Increcascs, capacitive reactance decteases, and
vice versa. Thus if the capacitance were raised to 10
microlarads, or Jdouble its rating, the capacitive
reactance {measured in ohms) would decrcase, and more
current would f{low.

Amperes  Volts
Ly

~ ~

L
G SR 3 ST 360

Time

Figure 18, Relationship of voltage and
current in a pure capacitance circuit.
Gurrent leads voltage by 9g0°

An important property of a capacitor in an a-¢ circuit
is the fact that the current "leads™ the voltage by 90°,
Figure 19. Recall that inductive loads caused the
current te lag behind the voltage with resulting low
"power factor’ amd wattless current, By combining
capacitive loads with inductive louds, current lead and
lag may he made to compensate se that the current and
voltage arc more mearly brought “into step," and the
out-of-step wattless current will be reduced.

The practical use of capacitors you will encounter will
h? "starting capacitors™ and "running capacitors' an
single-phase motors




Volts

Amperes

TImE =

Relationship of voltage and

Figure 20.
Current

current in a purc resistance load.
and voltage are in phasc.

Mptor design theory is beyvond the scope of this course,
but we can point out that starting capacitors establish
a "rotating field" to make the motor start. "Running
capacitors” used on certain types of hermetic refrip-
eration compressor motors reduce the "wattless current”
in the meoter while it i1s running. On a pure resistance
load with alternating current, the current remains

'in phase'" with the voltage, Figure 20.

POWER SUPPLY TQ STRUCTURE

The mechanical rotation nceded to cause relative motion
between a magnetic field and electricul conductors is
produced by turbines which are driven by hydropower or
by gas, o0il or coal fired steam. Large step-up trans-
formers are fed this induced electricity. For this
example, the step-up transformer is fed 18,000 volts,
generated by the turbines. This is raised to 120,000
volts or the amcunt of voltage reguired by the systom.
Transmission line losses are less at high voltages.

Pola
Transformer

Secondary Wires

Domestic
Singla - Phase (1¢h)
120:240V

JETETT30.a.

Pole Transfarmers Step-Down Voltages for
Residential Areas

Ifter the voltage has been stepped up in the trans-
former, a mat, defined as a tvpe of shipping depart-
ment, is necessary. Through the maze of equipment
at a power station, the electricity travels to the
customers along transmission lincs. This trans-
mission voltage is now lowercd to 4800 volts in a
step-down transformer located in the sub-station.
From here, distribution lines carry the clectricity
either directly to industrial customers or to
appropriatcly located step-down transformers. The
industrial customers purchasce power at a primary rate
and do their own stepping down. The other step-down
transformers serve a group of industrial or domestic
customers,

The 4800 volts from the sub-station are reduced
through an a-c network to veoltages which can be
utilized by individual customers. The voltape step-
down 1s usually accomplished by pole transformers in
residential arca.

GROUND

The sccondary windings of these power transformers have
many configuratiens. One is the Bdison hookup, The
step down transformer reduces 4800 volts to 240 volts.
This creates two hot {H) legs [L). These arte sometimes
termed L1 and L2. The secondary of the transformer is
center tapped. This leg is called the neutral (N).

240 volts exist between L1 and L2, 120 volts cxist be-
tween either L1 or L2 and N. The N is electrically
grounded at the transformer. Other grounds may exist at
the electrical meter and the main circuit panel bhase.

== ML}

120v

4H00v

120w

B §

HiL2)
Edison Hookup

After being steppecd-dewn, the power enters the residence
through the service entrance which is a meter or fuse box.
This electrical service is 240v single phasc, three wirc.
With the heavy electrical loads drawn by appliances such
as an electric stove, clectric clothes dryer, air con-
ditioner and other powered equipment, the service to most
nodern houses is sized to carry 100 or 200 amperes and
somctimes even more.

PCWER
TRANSFOAMER

FUSED
SERVICE
ENTRANCE

740 VOLT 3 WIRE SERVICE BOX

is connected to a main fused or circuit breaker
box located in the house as close to the electric service
cntrance as possible. The two hot 240V legs are both fused
to the total capacity of the service which is determined by
the size of wire entering the house. A third wire is
grounded to the power company service transformer located

in the vicinity of the house. The voltage between either

of the hot 240V leps to this grounded conductor is 120
volts.,

This service

OISCONNECT
SWITCH
1 BLACK
w—tto
| WHITE 12V
G #; ! : 240V
r

| 120¢
H CJ O FLISE
D “0-—‘—}-— e
240 VOLT 3 WIRE SERVICE

Within the Main Box the circuits are broken down into a
series of branch circuits. The branch 240V circuits are
to serve such major appliances as the air conditioner,
electric range and electric clothes dryer. These are in
turn fused in both legs for the current the appliance will
draw. The wiTe connecting these circuits te the appliance
must be heavy cnough to carry the load determined by the
size of the fuse.
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The Main Box may have reset Circuit Breakers or Fuses,

240 VAC
MAIN
ENTARANCE
2 B o] NEUT AL
4 -
w
1
a
w
g 240 VAC
z
g BAANCH
CIRCUIT
120 WAC et
ERANCH
CIRCUITS 120 VAC

¢
{

—
:

BAANCH
CIRCLUTS

[t

MAIN FUSE BOX

The 120V citcuits are also broken down inte fused branches

These are generally fused for 15 or 20 amperes. EBEach
branch is fused in the hot leg anly. The branches from
each side of the 240V legs are taken off to balance the
loads insofar as possible. Each branch serves as specific
area of the house or appliance as governed by the local
alectrical code, ©One branch supplies power to the heating
unit and/or coecling unit.

All switching within the furnace line voltage circuits

is done in the hot 120V leg. The reason is that switch-
ing, if done in the ground leg, could result in an unsafe
grounding fault. See diagram.

SWITCH OPEN

FURKNACE DOES NUT RLUN
FUSE BLOWS WHEN
SWITCH CLOSES

SHORT TO “ L C
GROUNU TO
FURNACE

™~ s - ]
fL ¢ '=r ]
H J > -FUSF.
o SWLTCH OFEN T =
FURNACE RUNS -
FURNACE FUSE DOES NOT BLOW Suoar 19
1 GROUND
G ||I

KITCHEN LINING l FUANACE I
0 s ¢
T o . D
! 170w
- !
L )
\ 2y J
240v W $
120 vOLT
BRANCH CIRCUITS
FAMILY WORKSHOP! BEDROUMS

Wires are run from the branch circult which serves the
furnace to a fused switch box located in the vicinity of
the furnace. The purpose of this fused switch is to
provide a convenient means for disconnecting the furnace
both for service purposes and as a safcty means in case of
malfunction of the equipment. The fuse in this box must
be sized in accordance with the maximum amperage stated
on the AGA plate on gas furnaces. This plate is per-
manently affixed to the fromnt panel of the furnace. For
most Tesidential furnaces the load is stated as “12 amps
or less"” which allows the fuse size to be no more than
15 amperes.

IECH Fum

BLack e

H
FROM TO BURNER
SERVICE JUNCTION
BOX BOX

G —- - e

WHHTE

FUEER SWHTCH BOX

A black 120 volt wire and white ground wire are Tun
from the fused switch box to a set of terminals or pig-
tail connections provided within the furnace. These
are located within a junction box or control box lo-
cated in the furnace and the connection is called out
on the furnace wiring diagram.

When these connections have been made, the field-in-
stalled line voltage wiring ls complete. From this
point the remainder of the 120V circuits have been
factory-installed and are already connected within the
furnace itself.
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SWITCH IN HOT LEG SWITCH IN GROUND LEG

RIGHT WRONG

The furnace blower motor, which is always line veoltage, is
the first electrical component wired into the system. When
the disconnect switch is placed in the "on" position, a
complete circuit is made and the blower motor is energized.
This motor, in turn, drives the blower which delivers air
through the furnace and duct system. When the switch is
placed in the "off" position, the circuit is neot complete
and the blower motor will not run. Air flow in the system
will stop. A 240V fused disconnect breaks each hot leg
simultaneously. The circuit breakers perform the same
safety functien.

CONTROL CIRCUIT ELECTRICITY

Our modern world of automatic machines and instruments
has been made peossible in large part by man's ability to
understand and apply electricity. A basic knowledge of
electricity, how it works,how it is measured, and how it
can be applied and controlled, will be of great value to
you.

Since, as a technician you will be required to werk with
these electrical circults, the more you know about elec-
tricity the more competent you will be. This lesson
consists of a main section covering complete control
circuits and an appendix, covering basic principles.
Your instructor will help you to concentrate on those
patts of the lesscon which will be of the most value to
you,

For more complete information, you should refer to text-
books on electricity and electrical cngineering, which
arc available in most libraries.

Many dJifferent symbols are used to denote electrical com-
ponents. Those shown in last two pages have been re-
commended by the Refrigeration Service Engineers Society
(RSES) Fducaticnal Committee for use omn circuit diagrams
for heating and air conditicning equipment.

Many types of wiring diagrams can be used to show circuits
for heating and cooling systems. It is important to be
familiar with some of these diagrams in order to under-
stand how all the contrels are interrelated within a
particular circuit.

HEATING SYSTEM

The simplest system that you will find in the field, is

a ferced-air heating system with a direct drive or in-
direct drive blower, Figure 21 shows a typical wiring
diagram for a heating system with a pilot safety switch
and an upper limit control used on counterflow furnaces.
The same wiring diagram would be valid for a heating unit
with an automatic pilet valve, and the switch shown in
Figure 21 would be omitted.

There are twe basic circuits in this system: A high-
voltage circuit and a low-voltage circuit. In most
heating systems, the high-voltage circuit operates the
furnace blower motor and component controls. The low-
voltage circuit energizes the thermostat and burner controls.

HIGH VOLTAGE CIRCUIT - The controls and components comn-
nected to the high voltage circuit are the blower motor,
fan control, and primary side of the transformer. Also,
an ON-OFF switch is usually provided.

The blower moter is energized when the fan control senses
heat from the furnace heat exchanger, and the fan control
switch cleses. The blower meotor and fan control switch
are connected in series.
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24 valt gas valve Limat comtrol Fan cantral

Figurc 21. Simplified sketch of
heatring system and operating controls.

LOW-VOLTAGE CTRCUIT - The low-voltape circuit (generally
Z4 volts) is energized from the sccondary winding of the
transformer. There arc generally two, three, or four
switch-type automatic controls connected in series in
the 24-volt circuit: the room thermostat; the high-
temperature limit control; the pilet safety switch (may
not be included); and a manual reset limit control (for
use in counterflow furnaces). In order for the gas valve
to be energized by the transformer, all switches in the
circuit must be in the closed position. In a properly
functioning system, only the thermostat switch opens and
closes. All other switches remain closed.

With a drop in room temperaturc, the thermostat switch
tloses, completing the circuit and energizing the gas
valve, causing it to open. Il an overheating cccurs

while the gas valve is open, the limit-control switch

will open, thus breaking the circuit and allowing the

gas valve to clesc. In a counterflow furnace, the upper
limit switch may also function to break the 24-volt
circult, thus de-energizing the gas valve. and, if the
pilat burner does not function properly, the pilot safety
switch will epen, breaking the low voltage circuit.

COOLING SYSTEM

The circuit shown in Figure 22 is a simplified sketch
of a very simple cooling system consisting of a low
voltage thermostat and the refrigeration compressor
energized by a high voltage line. In this sketch,

the compressor is started hy a relay or motor contactor
pulled in hy a coil in the 24-volt circuit which is
energized when the thermostat contacts close. For
clarity, the contactor coil is separated for the two
circuits, so that the components in each circuit can be
¢learly visualized.

40v
il -
Molor relay or contactor
—
> ° 4
Thermoslat
OnN-OFF
Switch
v
240V
Figure 2Z. Simplified basic cooling

system and operating contrels.
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“igure 23 is a different typc of circuit diagram, but
5t1ll in the simplified form. This diagram includes the
blower motor for circulating cooling air, and an antigi-
piating thermostat equipped with a blower motor switch to
allow operation ot the hlower on automatic eor manual
control. Tor normal operation, the blower switch is on
autamatic, and so 1s the thermostat or season switch.
Thus the blower will run onlv if the thermostat contacts
close and call for operaticn of the compressor. TFor
ronstant alr circulation, the scason switch 1s kept In
the AUTO position and the blower switch is in the "ON"
position. With this arrangement, the blower circulates
air continususly, and the compressor runs only when the
thermostat completes the circuit for the compressor motor
contactor on a rise in room temperature, thus calling for
cooling.

240 vall power waurce

— 01(———-——

Compressar relay contaits

‘l Compressur motor

!

Blower motor

Blawer motor relay contarts

240 walts
SRS [/ -
— s N -

» -
Compreasor relay el 29 vilis

Cooling antbeipalor

Aute O

Therrmatal gt

& Aliser molar oeaas ol

Autn On

Figure 23. "Unfeolded" schematic circuit
diagram of cooling system with manual-
automatic thermostat.

Not shown in thesec circuits are the auxiliary contrals

and motors that constitute a complete cooling system.

This would include @ motor to power the condenser [an,
motor protective devices to guard against motor over-

load and/or overheating. In addition the CONMPIessor motor
would be protected by switches that detect high and low
pressure in the refrigerant.

The condenser fan moter is often connected in series with
the compressor motor through the same contactar, and
therefoTe operates only when the compressor motor is
energized. The pressure controls can alse be wired in
scries with the compressor motor circuit, or if low valt-
age controls are used (24 volts) they can be wited in
serics with the thermostat switch,

This is an "unfolded” diagram. That is, the high valtage
and low voltage circuits are shown separately so that
cantrols (relays for exumple) with 24 and 240 lines are
shown #s split units in this schematic,

HEATING AND COOLING

Finally, the third type of wiring diagram that will he
encountercd will be the type that shows the actual
wirting, hinding posts, junction boxes, control panels,
and other clectrlical features. A typical diagram for a
combination heating and coaling unit is shown in Figure

In this circuit, the condenser fan motor and the comp-
ressor motor in addition to the various capacitors and
overload protectors are in the high-voltage citcuit. On
the heating side of the equlpment, onlvy the furnace
blower motor and the plenun fun switch are in the high-
voltage circuit., All other contrels for both heating and
cooling are in the low-voltage circuit.
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Low Voltage Circuit - The 2Z4-volt transformer is powered
by a primary winding which is connected across a 120 volt
a-c linc. The 24-volt circult operates a motor con-
tactor, which is energized when the thermostat calls for
cogling, and its contacts close to complete the circuilt.
The motor contactor pulls in a switch which closes to
cncrgize the high-voltage circuit {generaldliy 240 volts
for cooling compressors). Most residential units are
also equlpped with a condenser fan motor which operates
on 120 volts. A relay in the 24-volt line operates this
motor too.

High Voltage Circuit - The following controls are gen-
erally found In the high-voltage circuit in a residential
¢ooling system: Compressor contactor, compressor starting
relay, compressor motor, condenser fan motor, starting
relay for condenser fan motor, high pressurce limit contrael,
low pressure limit control. In addition, the motors may
have built-in protective devices. The compressor motor is
generally cquipped with an overload control, and the
condenscer fan motor with a temperature limit contrel.

PARTS OF AN ELECTRICAL CIRCUIT

SWITCHES

A switch is a device that opens or closes an electrical
cireult. A switch has at least two positions: open and
closed. When a switch is open, no clectricity flows
through it. When a switch is closed, clectricity flows
through the circuit, When the switch is ¢losed, the
circuit is said to be energized.

In order to perform scrvice on a lpad, one must dis-
continue the clectron flow to the load for safety purposes.
The load is said to be isolatced. Switches are used to
isolate loads. For this reason , switches are always
located in the hot [H) Teg of the circuit, never in the
neutral (M) lcg. When the switch is opened, electrons
will not flow to the load, allewing service to be
performed on the load.

-~ pole

schamatic symbol

SPST single pole — single throw

H R
(R} switch
N

he simplest switch 1s a single pole, single throw
(5PST) switch. This means the switch has onc pole
{moving mechanism) and one throw {position) that the
poele can mauke contact with.

- e

o —

schematic symbol

SPDT single pola — double throw

Switches arc described by the number of poles and throws
thevy have. When a switch is thrown, the pole is moved
to another position. Thus, a throw Is one position of
the pole.

T{ s#nother c¢ontact is added to a SPST switch, the switch
becomes a single pole, douhle throw {SPDT) switch., The
pole <an be thrown to one of two positions to cnergize
one of two different circuits or loads.

Some houschold appllusnces require 210 volts., In this
case, twp poles euch carrving 120 volts ate linked
mechanically teo move together. These poles arc connccted
to two separate hot legs called L1 and LZ. The poles
make snd break at the same time. This type of switch is
called a double pole, single throw [DPST) switch. A
common usce of a double pole, single throw siwtch is the
disconnect switch on a window alr conditioner.

T~

DPST Switch — schematic symbol

If another throw is added to the DPST switch, It becomes
n deuble pole, deouhle throw (DPDT) switch. Now the poles
can make contact in two positioms.

DPDT double pole — double throw

Disconnect switches should always be placed in the hot
leg of a circuit. The disconnect switch is the first
electrical device 1n the path [rom the source. All
loads in the circuit can be de-cnergized by throwing the
disconnect switch. Only the contacts of the switch will
have clectrical potential when the switch is open.

I{ 4 switch has a single pole that can be thrown to make
contact with any one of a number of contacts, the switch
is called a rotary switch, BEach throw energizes a sép-
arate circuit or load. A typical rotary switch is the
channel selector or dial on a tclevision set.

CIRCUIT PROTECTORS

Excessive current flowing through a circuit can be
dangerous. It can alse damage components. Some point in
the circuit could eventually hecome so hot that a fire
could tesult. To prevent this, something must be placed
in the circuit to scnsc cxcessive current and open the
circuit before danger ariscs. This protection is pro-
vided by circuit protectors. There are two major types
of circuit protectors: fuses and circuit breakers.

FUSES

A fusc is wsed in a cirTcuit to protect against wiring
overlcads, An overload occurs whencever there is too

much current for the size of the wire. This could happen
if too many loads are plugged into the same circuit.

Fuse schematic symbols



Another example of an overload would be if a picce of
metal fell across the bare wires of a circuit. This may
also be called a "short”. A short could alse occur if
there is a malfunction in the load such as a motor that
burns out causing a direct short across the motor wind-
ings. In the case of a short circuit, the current takes
the path of least resistance, which would he the mectal
bar or the shorted motor windings. Electrons would surpge
through the metal bar or sherted motor windings. Since
the wires in this circuit are sized for the opcrating
amperage of the lowd, they are much too small to handle
the high amperage caused by the short.

source load

Short circuit

A short could cause the wire to heat up to a point where a

fire is possible due to the combustible materials that
usually surrgund electrical wiring. A short would also
occur if hate wires in a circuit came in contact wnd by-
passed the loads in the circuit.

source

o=

Overload = excess current l - loa

DOverload in mator windings

The simplest fuse is a metal conductor with a low melting
peint. When excessive current flows through the circujt,
the fuse begins to heat up. When the temperaturc reaches
the melting point, the conductor melts (blows), breaking
the circuit. The wiring in the circuit has not reached a
dangerous temperaturc and hszard is averted,

(C—

Fuse

X

e
LELY
D\\l vwhille Sy
gL UL e
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Fuses are sized according to the amount of amperage they
will carry without breaking the circuit., A 15 amp fuse
will conduct up to 15 amperes. If too much lnad is
plugged into the circuit or a short drawing more than 15
amps occurs, the fuse will blow. Fuses come in many

Blown fuse
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lifferent amperage ratings, Never use a larger fuse than
the circuit is rated for. An oversized fuse does not
protect a circuit, Most fuscs must be replaced when they
burn out...Tittle expense for the damage they prevent,

TIME-DELAY FUSES

Time-delav fuscs arc designed and huilt to withstand the
Initial current load caused by the starting of electric
motors. A motor will take several seconds to come up to
specd on starting. This start takes more curreat than
when the motor is running full speed. 10 a8 fuse was sized
for motor start-up, it would be too large to protect the
wire in the circuit. If the fuse was sized properly for
the wiring in the circuit, it would blow cach time the
motor started,

spring strip

/
Ein 5

solder

Cartridge type

A time-declay fuse has a metal fuse strip that has onc cnd
attached to the case of Lhe fuse. The other end is
attached to a pin held under spring tension. The end of
the pin is embedded in solder. Il the solder gets hot
cnough to melt, the pin pulls out of the solder, breaking
the citcuit. This solder will withstand a momentary
overload (i.e. moter start-up) without melting. If the
heat from the overload is continuous, the solder melts
and breaks the circuit. This might take scveral seconds.
JI a direct short should occur, the metal fuse strip melts
instantly and opens the circuit.

Plug type

CIRCUIT BREAKER

The other type of circuit protector is the circuit breaker.
Some clircuit breakers look much like a switch. They
usually have a lTever with "on" and "off'" positions.
in the "on'" position, current flows through a thermal
device within the breaker. Il excessive current passes
through this device, it heats up. 1f the thermal elemcent
gets too fot, it "trips" the breaker. When the breaker

is tripped, the lever is in the "off" position and the
circuit is open. After the thermal element has cocled
sufliciently, the breaker can be manually reset to closc
the circult again. (Be surc the short or overload has been

corrected.)

Circuit breaker -— schematic symbol

When

Circuit breaker panel



Another type of circuit breaker looks like a regulur
strip fuse with a butten protruding {rem the top. When
this breaker trips, it can be manually reset by pressing
the button. Whencver a [usc blows or a circuit breaker
trips, the cause should be detcermincd and corrected
before replacing or resetting.

{light duty)

Cireuit breakers

fuses or circuit hreakers
In a

In a 120V household circuit,
are always placed in the hot lcg of the circuit.
240V circuit, both hot legs are fused,

ELECTRICALLY ACTUATED SWITCHES

Heating and cooling equipment eflficiency and saufety are
enhanced with the usage of relays. Relays introduce
considerable electrical circuit flexibility, A relay
comsists of an clactrical nctuating mechanism and one

set or multiple sets of contacts. Whenever a reluy is
used in a circuit, the voltage rating and amperage rating
of both electrical actuator and contacts shouid be noted.
The relay is sometimes termed an electrically actuated
switch.

\
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DE-ENERGIZED (NO)

De-ENERGIZED (NG}
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lectrically actuated switches would include all types
o! reluys and solencoids., The actuating mechanism
usually consists of an electrical coil and an iron
plunger. When the ¢oil is enerpgized, a magnetic field
ig created around the coil which will attract the iron
plunger and draw it up Into the field. When the coil

is de-eneryized, the plunger will return to its original
position either by gravity or spring action.

A set of contacts at the end of the plunger will make or
break as the plunger moves up und down providing the
switching action nceded. The oripinal positien of the
contacts can be either "made” (closed) or "open™, Tf
they are closed when the coill is de-cnergized, the switch
is said to be (NC} nermally closed and the symbol {or
this on a diagran is shown £ Tf the uriginal position
of the contacts is such that they urve open when the coil
i« de-energized, they are said to be (NO) normally open
with the symbol —

Nate that the coil will frequently be in the low voltage
circuit while the contacts actuated by it arc in the
line voltage circuit. Thesc two circuits are totally in-
dependent of each other. Line voltage, therefore, can
be cantrolled by the coil in the low voltage circuit.

The switching action ol an electrically actuated switch

can be single-pole single-throw, single-pele double-throw
or any of the other basic actions.

SOLENOID

A solenoid consists of a coil of conductor wire and a
movable iron rod. A solencoid might also be called an
electramagnet.

rod ——

. —

coil — ==
—_—
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) SOLENDID REVERSING WVALVE

Solenoid {Schemane Symaol} {Pictoriai Symbol}

The tip of the iron rod is positioned just inside the
entrance uof the coil upening. When the coil is electri-
cally energized, the resuiting magnetic €leld of the
coil pulls the iron rod into the center of the coil. The
iron rod will remain in this position until the coeil is
de-enerpized. Normally, there is a spring attached to
the rod that returns it to the de-energized position,

SOLENOID OR GAS VALVE

A variation of this type of switch can be found in a
Solenoid or Gas Valve where the low voltage coil would
pull the plunger into its magnetic field and open or
closs a valve tather than an electrical contact. The
valve would then either pass or oppose the flow of gas
or liquid through the linc so this switch becomes a
mechanical switch controiling flow rtather than an elec-
trical one, contreiling line voltage.

T
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SOLLNOID

DE EMLALIZED [

GAS VALVE
{Solenad Operated)

GAS VALVE
{Schematic Symbol}



REVYERSING VALVE

This same principle is used in the reversing valve of a
heat pump. As the coil is enerpized, it moves the
pilot circuit valve in the heat pump to the oppeosite
position which in turn chanpges the main valve in the
heat pump, reversing the flow ol relrigerant from the
indoor to the outdoor ceil or vice versa.

REVERSING VALVE
{Solenowd Operated}

RELAYS

Electrical relays utilize the priuciple of the electro-

magnet. A relay consists of a coil of wire and an iron
core located near a movable metal armature. The arma-
ture has an electrical contact on one cnd. Ancther

contact is statiomary. When the relay becomes elec-
trically energized, the iron core becomes magnetized
and attracts the metul armature. When the armature
moves to the magnet, the armature contact closes
against the stationary contact. When the relay is de-
energized, the core is de-magnetized. A spring returns
the armature to its oripinal position and the contacts
separate.

contacts
—
__________{fl =N
2
relay i—%
i rd
coil =
=
—_ ez
Relay

A relay is used when it is necessary to control an
electrical device from another location. For instance,
a large electrical motor (drawing many amps) is le-
cated in the basement of a building. Teo save in-
ctonvenient trips to the basement, motor operation 1s
to be contrelled from the fourth floor. To do this,
high voltage (alsoc called line voltage) wires would
have to be used to connect the motor in the basement
with the switch on the fourth fioor. This wiring is
very cumbersome and expensive.
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Without relay

Weth relay

The electrical relay solves the problem shown in
the following manner. The low voltage circuit con-
nects the switch on the fourth floor with the

relay in the basement. The low voltage circuit

is usually 24V. Thus, smaller wiring can be run
from the fourth floor to the basement. When the
fourth floor switch is "on', 24V electricity
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energizes the relay and the relay’s contacts close. The
closed sat of relay caontacts completes the high voltage
pr line voltage circuit to the motor. Less line voltage
wire is now ngeded to run the motor.

H

relay switch
contacts
. refay
pri. secondary coil
rmotor
N

Schematic diagram

There are several types of relays. The relay described
in the previous examples is used to closc or complete a
circuit. This type of relay contains a set of normally
open (NO) contucts. This means the contacts urc open

when the relay is not energized and closed when the relay
is energized.

Another type of relay is used to open a circuit. This
relay containg a set of normally closed contacts (NC),
This mcans the caontacts arec ¢losed when the relay is not
cnergized and opened when the relay 1s energized.

Some relays are capable of opening one circuit and closing
another circuit at the same time, This can be done with
the usc of a single pole, double throw switch (SPDT). A
SPDT switch has one set of normally open centacts and one
set of normally closed contacts., When the ceil is not
energized, the [irst circuit's contacts are closed and

the second ¢ircuit (#3 in the diagram) contacts are open.
When the coil is enerpized, the first circuit's contacts
will open and the second circuit's contucts will close,

A typical relay capable of opening and closing several
circuits 1s shown below.

Relays are produced in a variety of shapes and sizes, with
many diflerent voltage and current-carrying capabilitijes.
Although the variations are many, basic operating prin-
ciples are the same.
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POTENTIAL RELAY

Anather clectrically operated switeh 1s 2 Potential
Relay. This Jevice has a sct of (NC) contacts and a
coil; both are in the line voltage civeuit. As the
compressor comes UpP tp speed, there is a voltage
build-up acress the coil in eucess of the appiled 1ine
voltagc. This is because the compTCssor ctart windings
act as 4 gencrator Puilding veltage across the coil.
when the voltage is preyt enough (around 400 volis),
the coil picks up amd opens the switch, taking the
start capacitor out of the circuit.

CONTACTS

POTENTIAL RELAY
SINGLE POLE SINGLE THROW
{NC) DOUBLE CONTACTS

As long as rhe compressdy i running, this voltagpe
will be maintained across the coil, and the contacis
will Temain ecpeh. When the Compressor staps, the
voltage drops and the coil will be de-energized,
closing the swit¢h.

O—H-

LOMTACTS

POTENTIAL RELAY
|Schematic Symbot}

CONTACTORS

A centactor 1s anm electromagnetic device which makes
and breaks tho powerv tn cither a compresscl o1 it

lapge motol. although a contactor jooks different
than a centrol Teiay, both opeTate the samc. Both
incorporate a magnetic coil which is powsred by &
contral cireuit, and both contain a set of contacis

to make or break @ desired electrical circuit. Thesc
twe circults are electrically scparate. The real
difference is in slze and ability to carry increased
carrent. Centactors use heayier contacts and a larger
coil to creats cnough mognetism to move the awiteh.
Relays generally do mot contyol power consumling de-
vices except mators and solenoids which draw less than
2 amps.

fontactors that 4re approved for special applications
are relerred 10 8% ndefinite purposc contactors."”

A Compressar contactor 15 @ defipite pdrposc copractor.
5ince this contactol is subjected to fregquent re-
cycliing, the coptacts are enlarged Tor sufisfactory
hoat dissipatlon to provent cantactor overheating. In
addition, the contuacts are made of silver cacdmium or

a silver alloy- This material 1s Jesignmd o provide
low contact resistance, ctean aro-breaking capability
and antiwelding characteristive.

The design of a definite purposc cootacior should
equal the 1ife of the cqu 1 TmeTt providing it operates
under normal conditions. Contactors are often replaced
noedlessly because the servyiCe man is not aware of
normal centact wedr. Before the centactor is can-
demnod, any carbeon that forms con the contact surface
should be wiped away.
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However, if the contactor is subjccted to abnormal
aperating copditions, carefully analyze the condition af
the ctontactor before allowing it to remain in the circuit.
The correlation hetween COMpressor and contactoT failures
is yerv ¢lose- A cumpressor failure could ruln a con~
racror while @ contactor fallure could caunge a CompressoT
burnout.

DOUBLE POLE CONTACTOR

Any tontact hesitation oT centact haunce results in detri-
mentsl arcing that nroduces excessive heat. There are &
number of Causes.

1. The snapplng action of the relcasing furce 13 funda-
mental to the controts longevity. Tarm the power off
1o the machine and push 1n om the armature. Relcasc

the armature T test the spring's tension. It should
snap back 1nte place. (£ the spring has fost its
resiliency, the contactor should he replaced immed:-
ately.

[

if the contral citeult 1s Over voltaged, contimuous
operation tuil cause both coil fallures and caontact
hounce. Contact bounve burne contact Tips and causes
welding. The added shock from the increascd magnet e
pull may also cause mechanicul damage to the contacter.
(heck the sgcondary voltage of the transformer and
correct the condition if necessavy. Qn multi-tap
transforneTs, make surc the correct tap is used.

3. sShort cvcling on units withont timed off controls

or ConpressnT interlocks can also cause hot a4rcs.
vibrations at the rhermostat av contactor in addition
to rapid cycling of a fety contTol «an cause short
cyoling.

Lxcessive vurrent will produce heat which could damagc
the contactor. An electyically shorted motor, 1ightaning,
o TOWET SUILC, etc. could tTeatc such a current. The
gencrated Tieut may detcriorate the toil or af{lect the
spring resiliency in addition to possibly damaging the
contacts.

Because of the damage inflicted by heat Juring & <om-
pressor burnout, it 15 advisable to replace the contactoT
as well as the CORpressor. Although the control way
appear normal, the hewst could have damaged the ¢oil or
the spring. The danger is that the contactor may weld
shut in the near future and Ccausc another compressar
huytnout.

Generally, the price of a contactor Is abput 10% the
cost of the compressor. when the added expensc of a
COmMprESSOY and system cleanup are considered, the price
of 2 contactor is small. The possible savings 10
practicing this preventive tactic Lpcreascs a% the size
of the vompressaTl increases-

SINGLE PHASING

Basically, single phasing is when current flows through
two phases while no current flows through the Opem phase,
This caudsces increased amperipc druw at the two phases
which overheals the motar. Single phasing c@n cause a
motor failurc evr,n theugh the motor protection may trip

to open the cantrol circult. {{ singlc phasing occurs,
the motor may stall unless lightly 1oaded, and onee
stopped. it will not start yaesulting in locked rotoT AmpS.
An amp meter can readily dctermine o single phase con-
dition.

1f the woter is single phasing, inspect the contuctor
~loscly ro dotevming it it is tho cadse.



CHECK EACH PRASE
WITH AMP METER

CONTACTOR

f
H AMP METER

—

CHECKING FOR SINGLE
PHASE CONDITION

SIMPLE SINGLE PHASE FAULT IN LOAD GRCUIT

CONTACTCR MAINTENANCE TIPS

1. Never usc lubricant sprays or solvents on the contactor.
The excess runs into the sliding mechanism. The lubri-
cant film on surfaces captures dust and metal particles.
Contact resistance and friction can increase, and the
entrapped particles may eventually interfere with the
armature travel. This could cause an increase in arce
duration and possiblec contact welding.

WITH LUBRICANT S#RAYS WORN
PARTICLES MAY WASH INTD THE
SLIDING MECHANISM ANG
INCREASE FRICTION

ARMATURE
SLINNG MECHANISMI

NEVER USE LUBRICANT SFRAYS OR SOLVENTS

Never force a contactor
may damage the contacts.

closed while power is on. Yeu

Tn addition, never hold a
compressor contactor in te run the cquipment. A safety
control may have opened the control c¢ircuit and con-
tinued operation may damage the compressor.

The contact points should never be filled or dressed.

Always keep the relay cover in place as well as the
unit access panel. Dirt and dust will collect on the
contact surface and can gquickly burn the contacts.
Without the unit panels in place, other adverse con-
ditions such as high humidity or moisture could also
damage the control.

If the contactor is taken apart for any rcascen, ex-
treme care should be taken when reassembling iIt. Many
of the contactors that are returned for credit have
been teassembled wrong or have parts missing.

6, Carefully check the condition of contactor when making
a cooling service call. Closcly observe the con-
tactor ceoil for cracking, swelling or bubbling.
Terminal discoloration indicates poor or loese con-
nections.

Y. Insects may nest in and around the contactor since it
is warm (especially in the spring). Clean if necessary.
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THERMOCOUPLE

A thermocoupie 1s another type of heat actuated device.
The hcat from the pilot flame produces a small amount of
eclectrical current which in turn energizes a ceoil which
opens 4 valve in the safety circuit, The flow of current
"proves'" that the pilot 1s 1it and it is safe to open the
main gas valve.

- HOT JUNCTION

COLD JUNCTIONS-
THEAMOCOUPLE

-+ COPPER

ELECTRO- CONDUCTORS

MAGNET

€oIL

CROFP OUT TOMaIN

SPRING GAS VALVE
GAS SLUPPLY -4

-~ PLUNGER

PILOT SAFETY VALVE

TIME DELAY RELAY

A further variation of a heat actuated relay would be a
"Time Delay" relay, such as uscd on an electric furnace,
This relay has a set of nmormally open contacts in the line
circuit, actuated by a coil in the control circuit. The
control circuit contains a resistance which heats up

when the circuit is cnergized. At a pre-set point the heat
generated actuates a bi-metal which closcs the switch to
the next control c¢ircuit. The time required for the
bi-metal to closc 1s about 30 or 45 seconds which ef-
fectively delays hringing on the element for this amount
of time.

This can also operate in reverse and hold the element on
the lince for some time period after the coil is de-energized.

Some heat actuated switches are designed so that the heat
penerated by electrical current passing through the wires
will activate the switch 1f it becomes excessive. In
"Basic Electricity" it was determined that heat is pro-
duced by friction due to the resistance of the wire to

the flow of electrons. 71 the cross sectional area ol the
wire is too small for the amount of clectrons flowing
through it, it will heat up. This is why the size of the
wire 1s important and must be matched to the amount of
current it must carry. However, in the casec of a "short,”
the electrons bypass the load (resistance} and many more
thun cxpected will flow through the wire, causing it to
heat up rapidly. 7Thus s "lfuse” 1s nothing marc than a
heat actuated switch.

AMPACITY

Ampacity is an clectrical rating used to properly size
conductors to electrical equipment, This Tating is based
upon (1) type of conductor, (2) size of conductor, and
(3] kind of insulation used on conductors.

Munufacturers are now putting ampacity ratings on the name-
plate of their electrical equipment. When selecting wire
sizc for equipment, take the ampacity rating shown on the
equipment and use the ampacity chart found in the Natiocnal
Electric Code {NEC} manual.

The NLGC manual will show the various wire sizes and con-
figurations te match the equipment ampacity rating.

The ampacity rating is equivalent to 1235 percent of the
actual amperage draw of the electrical component. For
example, if an electric heater draws 5 amps, the ampacity
can be calculated in the following manner:

5 amps x 125% = 6,25 ampacity
The extra 2Z5% is to make sure the wi}ing will not catch
fire in the event of an electrical overload. If the
circuit is properly fused, an overload will hlow the
fuse hefore the wire gets hot.



COMMON LOADS

Common loads that are encountered in residential and
commercial IHVAC heating and cooling equipment can be
categorized into three groups: rTesistive loads,
inductive loads and capacitive loads, The skilled
service person must be able to use electrical test
equipment to isolate the elcctrical condition ol a load.
Determining whether a load is open, shorted, or good is
impossible without an understanding of the clectrical
information obtained from testing cquipment.

Learning this troubleshooting technique has several
advantages. This knowledpe assures that only faulty
loads arc replaced. Also, communicating equipment
problems to a service manager can be ecasier with this
troubleshocting knowledge.

RESISTIVE LOADS

Examnples of Tesistive loads are: electric heat clements
and heaters on thermally actuated relays. A voltage
check cannot determine the exact electrical condition

of the component. If the lead is clectrically open,

a potential difference will still exist across the load,
and this will be indicated en a V-0-M meter as a voltape
reading. Te check cut all resistive loads with con-
fidence, make an Chm's check. Rememher when conducting
an Ohm's (continuity) check, turn the power of[l; the
lpad must be isolated from the circuit, and the V-0-M
meter must be zeroed.

The symbol for resistive loads iso#Mo . The circles
at each end of the symbol indicates electrical test
points or terminals. The following iilustrations
summarize these clectrical checks on resistive loads.

Ebeciric Heat Elsmant

INDUCTIVE LOADS

Examples of inductive loads are: relay solenoids,
transformers, and blower motors. The operation of

all inductive loads is based on the principle of in-
duction. TInduction is defined as the relative motion
between a conductor and a magnetic field. A corellary
to this principle is the fact that whenever an electren
flow exists in a cenducter, a magnetic field sur-
rounds the conductor.

A transformer is a good example of an inductive lead.

schematic symbol

¢

Transformer
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Iron core
120 valty:
primary Q
_— -
4 voht
CA second-
™ ary

~

No physical connection

Step-down transformer

oftentimes, there is a nced to increase the amperage ca-
pacity in the secondary of a transformer. This is es-
pecially truc when additiomal accessory control relays or
devices are wired inte a 24 volt control circuit. These
controls are wired in parallel and consequently the
cquivalent resistance of the control circuit decreases,
This decreased resistance means an increased amperage.
The increased amperage capacity ¢f the transformer can be
obtaincd in two ways. A new, higher rated va transformer
¢an be installed. However, i1t is alse possible to wire
two 30 va transformers together and have the cquivalent
of a 60 va transformer. These transformers must be wired
in parallel and phased, Phasing can be delined as con-
firming that all electrons are flowing in the same dir-
ection in the controlling ciréuit. Phasing is also de-
scribed as polarizing transformers.

SHORT CIRCUIT PHASING

Notc that the illustration below shows the wrong way to
connect translormers in parallel for increascd power.
arrows tvepresent the direction of current flow at one
instant in the ac cycle.
of the transformer sccondaries are such that the voltages
are in series and the current will flow in a leop path
from one to the cther. The tesult is the cguivalent of

a dircct short circuit across the sccondary terminals ol
ecach transformer. One or both transformers will burn out
unless protected by replaceable fuses or limited output
design. In additicn, no current will flow in the circuit.

The

L1
L2

Wrong Way to Connect Transforpwars in Parallel

L
( L2

— T+ — i+

S
o, e e e w8 g

——

Right Way to Connect Transformoers in Parallel

At the instant shown, the polarity



The second illustration shews that the instantanpeous po-
larities of any two inter-connectced terminals are the
same. As long as the two voltages are appreximately
equal, the secondary coil current of each transformer
will flow only in the wiring to the relay and not
through the secondary ceil of the other transformer.

Many transformers have color-coded leads to assure proper
phasing. The installing contractor or scrviceman is
assured of proper phasing by meTely connecting like

colors. An cxample of coler coding follows:
230v  Red § Black primary
Yellow § Blue seccondary
120y White & Black primary

Yellow § Blue secondary

In addition most transformers with screw terminals are
coded by coloring - one a brass shading and the other
silver or nickel celor.

CAUTION: Never short Iow voltage wiring or sub-
stitute any material in place of the fuse.

PHASING WITH TWO LOW VOLTAGE CONTRCL DEVICES

This problem of phasing occurs when twe low voltage
control devices (relays, etc.), each with its cwn
low voltage power supply, dre used in the same con-
trol system. The illustration below shows a single
thermostat controlling a heating relay and a cooling
relay, cach with its own transformer. The circuit
is assumed to be open at the thermastat, and ho
current is flowing.

The "+" and "~" signs indicate instantaneous po-
larities, While voltape mcasured across either
transformer secondary would be 24y, a voltage of

48v exists between the two leads from the relays.
Unless the maximum cnrrent which can be supplied by
the transformers Is Iimited to 1.6 amp, this con-
dition wviolates the NEC voltage current limits for
Class 2 remote control and signal systems. The ex-
istence of this situation, can be checked as follows:

1. Leave one of the two thermostat terminals Erom
one relay transformer combination unconnected.

Z, Using a voltmeter, check voltage between the un-
connected wire and terminal at the relay.

3. A voltage reading noticeably higher than 24v in-
dicates wrong phasing. Reverse the two thermostat
wiring connections at the two-wire contrel relay.

OR

1. Connect thermostat leads at the Telays, but not
at the thermostat.

2, Using a voltmeter, check voltage at the thermo-
stat between one wire and each of the athers in
turn.

3. A voltage reading noticeably higher than 24v in-
dicates wrong pbasing. Reverse the two thermostat
wiring connections at the two-wire control relay.

NOTE: @Qlder models of a control transformer did not
have a replaceable fuse. When the transformer
is found defective, the ecntire transformer
must be replaced.

NOTE: Transformers wired to three-phase power must

be connected to the same phase to make exact
phasing of the secondary possible.
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ELECTRIC MOTORS

Electric motors are another good example of inductive
lpads. Motors have wany uses tanging from powcr tools
to air handlers and compressors.

Stator

Motor comstruction consists of a stator which is nothing
more than a special configuration of copper wire windings.
In the center of these wire windings is a rotor. The
rotor is a cylindrical, multiple section magnet with N
and § poles. It has a shaft connected to it and set inside
the stator, supported by bearings. The stator windings
are divided into run windings and start windings. When a
motor is energized, the electrical energy fed through the
windings sets up magnetic fields by induction. These
magnetic ficlds have poles, much like the N and S poles

of a bar magnetic. Since unlike poles attract and like
poles repel, forces of attraction and repulsion exist
between the stator and rotor; consequently, the rotor
bepgins to spin.

Oftentimes, a capacitor is used in conjunction with a
motor.

A capacitor has the ability to stere an electrical charge.
Following the ac sine wave, the capacitor charges as

the voltage builds to a maximum. Hewever, that electrical
pressure keeps the capacitor from immediately discharging.
As thc power source voltage begins to decrease, the
capacitor can discharge, after a small delay, and crecate
its own veltage spike, This additional surge of electrons
displaces and intensifies the poles of magnetic fields
crecated in the stator.

Powar Sourca
Voltaga Spike

—— _'.‘_——capai:itur VYaltags “Spika”
~

The capacitor causes a phase shift of emf in the start
windings. This additional displacement of the magnetic
field in the start windings increases the rotational
capability of the motor on start-up. Bard uses the
split-phase and permancnt split capaciter motars.

BLOWER MOTORS

The type and size of blower motor installed in a heating
and cooling system depend upon the blower load required

to deliver the ceorrect amount of air to the system.
Because systems vary from cne installation to ancther,

the blower speed needs to be adjustable to match the needs
of the ajr distribution system. This speed adjustment may
be done either mechanically or e¢lectrically.



BELT-DRIVE BLOWER

The motor may be connected to the blower by a belt and
pulley. In this case, the speed adjustment 1s accom-

plished wechunically by a change in the pulleys. This
is referred to as a "belt drive blower'.

0T, the blower wheel may be mounted directly on the
motoT shaft, Tn this case, the motor specd must be
changed electrically. This 1s referred to as a "direct
drive blower™.

BELT DRIVE BLOWER MOTORS

When the load requires a motor of 1/3 hp or less, a
SPLIT-PHAST motor is used. The smaller blowers have a
low startimg load, Therefore, the split-phase motor has
enough starting torque to bring it up to speed without
any outside assistance to the start windinpg. When the
metor reaches running specd, the starting switch opens,
taking the start winding out of the circnit.

DIRECT-DRIVE BLOWER

A commonly used direct drive blower motor is u PERMANENT
SPLIT CAPACITOR motor and is generally referred to as a
PSC motor. If a capacitor is uscd in a start winding
cirenlt, it is simplier if the capacitor can be left in
the circuit at all times. The capacitor can remain in
the circulit if the correct capacitor is selected for use
with the start winding. The capacitor must be able to
pass enough current te the start winding to provide
adeguate toerque, but jt must not allow so much current
that the start windinpg will overheat while the motor 1s
in aperation.

A PsSC motur with good starting torque ig shown helow.
This motor is provided with an auxiliary winding which

is 1n series with the capacitor. The auxiliary windinpgs
and capacitor are continuously encrgized while the metor
is running. This improves both the starting torque and
running efficiency of the motor. The capacitor is usually
mounted on the blower housing with the wire leads to the
motor. Because the capacitor is cnergized at all times,
no centrifupal switch is ncocessary.

CENTRIFLGAL

SWITCH
RUN
WINDING
POWER
START
WINDING

SPLIT PHASE MOTCR

The PSC motor has six poles and a rate of speed of 1050
rpn. llowever, becuusc eof its hetter starting torque and
high running efficicncy, 1t can be used in sizes from
1/8 to 3/4 hp. There, the PSC direct drive motor can be
used in all types of heating cquipment. Tt also provides
a sulficient quantity of air for cooling,

Coapacitor

T

CAPACITOR

Aunning Winding Rotor

-— LINE
Line
Stacing Winding PSC MOTOR

{Sehematic Diagram}

PERMANENT-SPLIT CAPACITOR
SPEED CONTROLLER

When these direct drive motors are used, there must be
o way of changing the motor specd. Thisz is accom-
plished by the hluwer specd being matched to the re-
quirements of the individual heating air distribution
system. This also provides a means for changing spreds
hetween heating and ceoling since more air is usually
required during the cealing scason,

—a TO
LINE

Low MED HIGH

YAPS TUMOTOR

Changing the voltage to the motor windings aiters the
specds tor the PsC metor. As the voltage i3 reduced
below the 120v linc veltage, the motor slows down. The
lower the voltage, the slower the wotor. The voeltape
to the motor is regulated by o device called a SPLLD
CONTROLLER.

The speed controller 1s an clectrical device also called
a reactor. It censists of a series of clectvical
windings aveund g stcel core. These windings are tapped
4l two or three points and wire leads are run from thesc
taps.

The end tap of the speed contveller is connected directly
to the hot side of the 120v line. The hot line {rom the
motor then may he coennected to any onc of the taps in-
cluding the line voltage connection. Regardless ol the
tup used, the speed controller is then connected clec-
trically in series with the motor,

NI OR
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TAPB
TaP A
LiNE war
GROUND LMt

MEDIUAM SPEED

97 -



TAF WOUND MOTORS

Another method commonly used to vary or change the motor
specd is the motor tap method. A tap wound motor is pre-
vided with four or five wire leads; each is connected to
a different point in the motor windings. Onc wire is the
ground commnection to the motor. The number of motor
winding turns which are encrgized determine the motor
specd. To obtain the desired specd, sclect a speed tap
and conncct it to the line. There may be either 3 or 4
speed selections, PSC motors may he tap wound.

When more windings arc used, there is maximum resistance
to electrical current flow, and the moter turns at low
speed. As fewer windings arc used, there will be less
resistance to current flow, and the motor will run at a
higher specd. See dlagrams.

The identification of the speed taps appears in a table
an the furnace wiring diagram. Using this, sclect two
leads to obtain the desired speed.

MOTE: The unused leads must then be taped separately
so that they will not short out.

Some of the newer model furnaces arve equipped with motor
quick-comnect terminals in the wiring junction box.

Each of the tap wound motor leads is also cquipped with
a quick-connect fitting. In this case the desired leads
may be connected to the two jine terminals. Insulated
dummy terminals can alsoc be used [or the unused leads,
These do not have to be taped.

16 Lkt
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OPERATING AMPERAGES OF MOTORS

anticipating or at least having an idea of the operat-
ing amperapge of any motor is always to the service
person's advantage. This can be found on unit name-
plates and motor nameplates. Here is a table indicating
average Tunning amps for various fractional and nominal
horsepower motors in both 115 velt and 230 volt models.

AVERAGE RUNNING AMPS
Single Phase

Hp 115% 230v
1/6 4.4 2.2
1/4 5.8 2.9
1/3 7.2 3.6
1/2 9.8 4.9
3/4 13.8 6.9
1 16 8
1-1/2 20 10
2 24 12

3 34 7

5 56 28
7-1/2 80 40
10 100 50

SERVICE CHECKS FOR INDUCTIVE LOADS

Ihe service checks for inductive loads that allow the
service person to determine the clectricul condition of

a4 load are the same as those for resistive loads. Since
the inductive load's check is again an ohm's check, the
powcr must be off, the load clectrically isolated, and the
ohmmeter must be zeTocd. Following is o summary of these
checks.

CAPACITIVE LDADS

Capacitors are clectrical storage devices often used in

conjunction with the starting and/or running circuits of
induction motors. The capaciter is important because it
can affect the operating wattage, ampCrage draw, torquc,
speed, efficicney, and power factor of a motoT.

CAPACITOR CONSTRUCTHON

N
B Dialectric
—T

Tarmunal Terminal of Plate

Plate

The construction of a capacitor consists ol two separate
metal plates separated by an insulator, commonly called

a dieloctric. The circuits of the middle plates are used

to collect electrons. Therefore, the surface area of

the metal plates will influence the numher of electroms
stored. Capacitors are rated according to their storage
capabilities. The unit of measure is the farad, Capaclitors
are rated in millionths of farads called micro-farads.

The greater the micro-farad rating, the greater the ability
of the capacitors to stoTe clectrons. Capacitors also

have a voltage rating. This is an indicatiomn of the
insulating capability of the dielectric. The greater the
voltage rating, the thicker the dielectric. The thickness
of tho dielectric determines the placement of the plates.
The thicker the diclectric, the farther the plates are
apart.

Capaciters are usually named by the type of dielectric
used. There are paper capaciters, plastic capacitors and
ceramic capacitors. A common typc of capacitor is the
elcctrolytic. The clectrelytic capacitor is designed

for intermittent duties-——Tated at 20, 3 second starts per
hour at 120 degrees maximum operating temperaturc. It

is designed for 50,000 statts. Tf it fails, the elec-
trolytic capacitor will fail open about 85% of the time.
The plates of an electTolytic capacitor are tolled in an
acid or salt medium. They are usually sealed in a plastic
container.

Another typc of capacitor is the 0il-filled, continuous
duty capacitor. Tf operated within specifications, it is
designed te give 12 to 15 years of operation. A 10%
increase in continuous supplicd voltage or a 10 degree
risc in capacitor case temperaturc will reduce the life
expectancy of the capacitor by 25%. 1If the continuous
duty (run) capacitor fails, it will normally fail open.
It may show a bulge. The oil used in this style of ca-
pacitor serves to dissipate heat. 1In the past, this oil
contained polychlorinated biphenyls., Because of en-
vironmental hazards, capacitor manufacturers have now gomne
te non-PCB polychlorinated biphenyl (capacitors).

The run capaciter's job is to dampen the miner voltage
variations in the line and supply constant voltage to the
compressor motor. It, therefore, improves motor ef-
ficiency and increases the power factor, allowing maximum
use and economy from the current supplied by the power
COMpany .

Sometimes on a service call, due to availability, it 1s
necessary to wire two capacitors together to cobtain a
specific micro-farad ratings. When capacitors arc wired
in parallel, the equivalent micto-farad rating is the sum
of the individual capacitor micro-farad ratings. The ca-
pacitance of each capacitor is added together for total
capacitance. The cquivalent voltage rating is the lowest
voltage Tating of the capacitors wired. This means that
wiring capacitors in parallel has the effect of increasing
plate area. Although the surface area of the plates is
increased, the dielectric distance remains the same.



When capacitors are wired in scries, the micro-farad
drops. A lormula can be uscd to calculate the equiva-
lent micro-farad rating of capacitors wited in serics.
The capacitance of two capacitors wired in series will
be cne-half the capacitunce of a single capacitor. The
voltage rating equivalent is simply the sum of the in-
dividual voltage vratings ol the capacitors wired., Wiring
capacitors in serics has the effect of increasing the
thickness of the dielectric while leaving the plate

area the same.

Remember, THE VOLTACE RATINGS ON ANY CAPACITOR ARL TTS
ACTUAL OPERATING VOLTAGE AND NOT A SATETY FACTOR.
Therefore, never substitute a capaciter with a lower
voltage rating, It is possible to substitute capacitors
with a higher voltage tating. If in doubt about the
voltage rating on the equipment, always use 440y
capacitor for 230v applications. Capacitance rating is
also critical to run capacitors, and only very small
deviations on the plus side are uscd.

The pictorial diagram shows the run capacitors wired
inte the circuit. Note that 2 run capacitors are
wired across the start and run windings of the motor.

10 MFD 20 MFD‘ = 40 MFD
440V .| 330V ! 440V ‘ F30V
i
|
|
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SERVICE CHECK FOR CAPACITIVE LOADS

The service check procedures for capacitors utilize

a type of ohm's check. 7t is summarized by the follow-
ing illustrations. Several capacitor analyzers are on
the market. To have confidence in the electrical con-
dition of the capacitor, use one of these devices when
checking capacitive loads.

POWER FACTOR

Because inductance and capacitance have oppeosing effects
in a circuit, capacitors are used with a2 motor or on a
power line to improve the power factor. 1In an alter-
nating current circuit, containing pure resistance only,
pawer-in watts-is equal to the product of volts and
amps. P=EL. This means that an incandescent lamp
drawing 0.8 amps on 120 volt line would be:

P = EL = 120 x 0.8 - 96 watts. This is almost a 100 watt
bulb. The formula would work like this for a 120 volt
circuit containing several resistant devices with the
total amp drvaw of 15. P=E1-120 x 15 = 1,800 watts or

1.8 kilowatts. The power factor is almost 100% for this
type of c¢ircuit; in other words the cirtcuit almost uses
the calculated 1,800 watts, The definition of power
factor is the ratio of consumed power to supplied power
or the percentage of time that the product of volts and
amps equals actual power.

The voltage and current must be in phase for a 100%
power factor to exist. When inductive reactance or
capacitive reactance causes the current to lag or lead
the voltage (meaning it is out of phase}, the product
of volts and amps gives only apparent power rather than
actual power.

fhis means that a utility connected to a tvpical
commercial circuit high in inductance must supply some
povwer which docs net actually perform work, This power
is not measured on & normal watt meter and deprives the
company of revenue. For example, the calculation of
measured volts and amps equals 2,000 watts, but the de-
vice on the circuit line actually shows 1,600 watt
consunption. Therefore, the power factor is:

1,600

PF x 100 = BO0%

Only 80% of the supplied power is doing measurable work.
The remaining 20% is magnetizing current. This 20%
enables induction devices to function, but it does no
work itself; therefore, this 20% is not normally recorded.

Induction devices such as motors and florescent lighting
uses so much magnetizing current, utility companies dis-
like this type of illumination, However, because in-
duction devices are necessary to our technology, power
companies have established a practical minimum power
factor of 90% which must be maintained on their lines.

Due to design and application, motors may have an inhcrent
power factor as low as 60% . Based on wave forms, the
inductive reactance is causing the current to lag con-
siderably behind the veltage. Capacitive reactance tends
to make the current lead the voltage; therefore, if
capacitance is placed in the line, a low power factor

due to inductance can be raised.

Capacitance is raised in the line when a running capacitor
is placed on a motor; when a bank of capacitors is in-
stalled in an industrial plant; when utility companies
strategically locate pole capacitors on distributicn lines.
The resulting capacitance acts in opposition to the in-
ductance, thereby establishing a more favorable power
factor than would he possible with only inductance acting
on the line.

JOINING TECHNIQUES FOR COPPER AND ALUMINUM CONDUCTORS

Because aluminum and copper have dissimilar electrical and
chemical properties, electrically Jjoining copper and
aluminum conductors can present some service problems.

In order to prevent these problems, use the folleowing
joining techniques.

Te prevent electrical problems, closely adhere to the
following items on equipment installations:

1. Use only connectors which are Underwriters' Laboratories
approved for aluminum-copper usage. Such connectors
will be tin plates; have separatc bars [or placement
between conductors to prevent direct contact between
aluminum and copper; and have proper bearing surfaces
to minimize unit pressures for minimum cold flowing
of the aluminum wire and subsequent loosening of joints.

2. After insulation is stripped from aluminum conductor,
toat the end of this conductor with corrosion inhibitor,
such as Burndy "Penetrox A." Then wire brush through
the inhibitor to the aluminum surface.

3. After cleaning, recoat aluminum conducter with
Penetrox A and make connections.

IMPORTANT - Follow the manufacturer's recommendations of
torque requirements for tightening all connections.

4. After connections are tight, coat the entire connection
with Penetrox A.

5. If possible, provide suitable wrap arcund the connection
for moisture and/or electrical protection.

CAUTION - It is recommended that terminal connections to

a contactor be made with copper. When aluminum wire is used,
we recommend that: (1) short lengths of properly sized
copper wire be connected to the contactor and then properly
spliced to the aluminum power supply wiring with suitable
connectors, or (2] copper wiring be used from the unit
contactor and then joined te the aluminum (ield wiring at

a field installed disconnect switch that is suitable for
both copper and aluminum conductors.

Typical Copper 10 Aluminum Conneclors



60°C COPPER WIRE SIZE (FOR 37 VOLTAGE DROP)

15 25 30 4 55 65 75 8 160 115 %

]EPPLY WIRE ]l SUPPLY CIRCUIT AMPACITY

| LENGTH~FEET 15 20 3¢ 40 55 70 8 95 110 125

[ 100 14 12 10 3 & u 3 ? 1 0

( 150 12 18 8 8 6 i 2 1 0 a0

] 200 12 10 ] 6 i 3 7 0 0 00

i 250 19 8 B 6 u 3 i 0 00 Qo0

’ 300 ! 3 3 6 5 4 3 2 ¢ 00 000 B
650°C ALUMINUM WIRE SIZE (FCR 3% VOLTAGE DROP)

{suppu WIRE T SUPPLY CIRCUIT AMPACITY

LENGTH-FEET i

100 12 1 8 &6 & 3 2 1 0 00 000
150 10 8 8 5 a4 3 2 1 0 00 000
! 200 i 8 6 i I 3 ? 1 0 00 000 0000
250 g 4 4 3 2 2 1 0 00 000 00oo
‘ 300 ﬁ 6 4 3 3 2 1] 0 00 000 0000 0000

SUPPLY WIRE
LENGTH-FEET

75°C COPPER WIRE SIZE (FOR 3% VOLTAGE DROP)

SUPPLY CIRCUIT AMPACITY
15 200 3¢ 56 65 3 100 115 130

100 14 12 10 8 6 4 3 2 1
150 12 10 8 o) ) 3 i 1 0
200 12 10 8 6 4 3 ) 1 0
} 250 10 8 5 4 4 2 1 ] 0
L 300 3 8 b 4 3 2 1 0 00
75°C ALUMINUM WIRE SIZE (FOR 3% VOLTAGE DROP)
SUPPLY WIRE SUPPLY CIRCUIT AMPACITY
LENGTH-FEET 15 25 40 50 65 75 an 100 120 135
100 12 10 8 3] 4 3 ? 1 C 0o
150 10 3 b 4 3 3 2 1 ] 0o
200 8 ) 4 b 32 2 1 0 00 600
250 3 b 4 3 2 1 0 0 ap 0oo
300 h 4 3 7 1 1 0 00 000 0000
NOTE: ALL OF ABOVE TABLES ARE BASED ON NOT MORE THAN THReE (3) CONDUCTORS 1IN

RACEWAY OR CONDUIT, IF 4 THROUGH § CONDUCTORS ARE USED IN A COMMON
RACEWAY OR CONDUIT, THWE AVAILABLE AMPACITY OF ALL CONDUCTORS IS REDUCED
By 207 (MuLTIPLY ALL vALUES BY .80 TO GBTAIN DERATED VALUE,

ALL WIRES, BOTH SUPPLY AND GROUND COUNT TOWARDS THE TOTAL NUMBER OF
CONDUCTORS.
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symbols

e

RHEOSTAT

LIGHT EMITTING DIODE {LED)

THERMISTOR - SENSOR

TEMPERATURE-ACTUATED

SWITCHES
Clese an Qpen on
temperature rise ternperature rise
0]
Close gn Open on

temperature fall temperature fall

Manuwl resat
high pressure

e

tise

Open on
fall

PRESSURE
SWITCHES

CAM SWITCH

8-

[

TERMINAL BLOCK

[B] ]

|
|
|
[T R o

CIRCUIT BREAKER {240V)

SILICON CONTROL DIODE
RECTIFIER

Manual reset
high temperature

MECHANICAL INTERLOCK

THERMAL RELAY HEATER
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TRANSFORMER

o o

Marmally open
Normally closad

RELAY CONTACTS

—

oS

coln

—E —

CAPACITOR

S AAA

VARIABLE
RESISTOR

NN

RESISTOR

— T
T —

FUSES
o—r
Single
throw
o -

Double B

throw

TOGGLE SWITCH

RIS

SOLENOID

—0

MANUAL SWITCH {DPST}

11 4T
i1t

MAGNETIC CONTACTOR

VN

THERMAL
OVERLOAD

—

EARTH GROUND

CHASSIS GROUND
P
PLUG
& RECEPTACLE

WIRES CONNECTED

WIRES NOT CONNECTED

LINE VOLTAGE

LOW VOLTAGE



