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‘ Accuracy of meters, 67
Adepters, grounding, 10
Advanced control loops, 643
Alr-conditioners
circuit installation, 205-210
electrical connections, 209
heat pumps, 148-155
light commercial, 138-140
\ lockout relays, 141-144
packaged units, 132-137
‘ SEER, 544
thermostats, 144-148
i window units, 120~123
Air-cooled packaged units, 546, 636-540
Air supply sources, split-systems, 574-576
Air-to-air heet pumps, 568, 580
Alignment
contactors, 492-494
V-belts, 304

Alternating current (AC), 21, 31
alternators, 169
basic cancepts of, 166-172
cycles, 167-168
effective voltage, 168
electric motors, 220
inductance, 166-171
overview of, 166
phases, 169
power (wattage), 171-172
reactance, 168-171
single-phase, 173-175
three-phase, 175-176
voltage-current systems, 169

Altermators, 165, 169

Aluminum wire, 186

Amencan Wire Gauge, 185, 186

Ammeters, 60, 61, 68-72

Amperage

full-load amperage (FLA), 282, 284
locked rotor, 282, 284
relays, 284-286

Amperes, 21, 30, 68-72

Analog meters, 60, 64

Anticipators, 355

cooling, 373-375
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heating, 371-373
thermostats, 370-375

Anti-short-cycling timers, 409, 422, 615, 629

Applications
contactors, 319-320
parallel circuits, 50-51
relays, 325-328
series circuits, 46-48
series-parallel circuits, 55-57
thermostats, 358-361, 382
Armatures
contactors, 321
relays, 329
Atomic energy, 172
Aromic theory, 22-24
Atoms, 21,22

B
Back electromotive force, 282
Balance points, 110, 150
Ball bearings, 282, 258-299
Rasic electricity
atomic theory, 22-24
conductors, 28-29
current flow, 31-32
electric potential, 25-31
electric power, 33-36, 38-39
gnargy, 33-36
flow of electrons, 26-28
insulators, 28-29
Ohm’s law, 36-38
positive/negative, 24-25
resistance, 32-33
Batteries, dry cell, 26
Bearings, 282, 298-300
ball, 298-299
sleeve, 282, 295-300
Bimetal
ovetloads, 333
thermostats, 363-365
Blower motor circuits, 625-627
Blower units, 619
Boilers, hot water, 442, 619-620
Breaker panels, 185, 200-203
Breakers, 185, 199
Break timers, 420421




Broken circuits, 44
Burns, electrical, &

Cc
Cad cells, 438, 454, 466-469, 521-522, 559
Calculating
electric power, 38-39, 40
curput, 34
parallel circuits, 52-54
series circuits, 48-50
voltage drop, 192-154
Capacitive reactance, 165, 171
Capacitars, 214, 227-232
Capacitor-start-capacitor-run motars, 214, 241-243
Capacitor-start-induction-run mators, 236-237
Capacitor-start motors, 214, 235
Caparity control, 623
Cardiopulmonary resuscitation (CPR), 1,8
Centrifugal switches, 236, 566
Characteristics
of paralle] circuits, 52-54
of series circuits, 48-50
Charts
troubleshooting, 662, 668-672, 682588
wire-sizing, 182
Check, test, and start procedures, 542, 605
Chemical means, 26-27
Chillers, water, 621-623
Circuit breakers, 1, 13, 495
Circuit lockouts, 15-17
Circuit protection, 12-15
Circuits
anti-short-cycling timers, 629
blower motor, 625-627
commercial air-conditioning, §23-629
compressors, 550, 628-632
condenser fan motors, 551, 627, 632
fan switches, 447
ground fault circuit interrupter (GFCI), 11
hopscotching, 688-697
limit switches, 449, 450
live electrical, 1, 2
rectifiers, 415
tesidentia| air-conditioning, 549-560
safety controls, 554, 632-634
schematic diagram, 100, 113
short, 75
water chillers, 625
Clamp-on ammeters, 60, 61, 69
Closed circuits, 43, 44
Closed electric motors, 222-223
Coal, generating electricity, 172
Code

circuit protection, 12-15

INDEX

grounds, 9-12
National Electrical Code (NEC), 8
Coils, 318
contactors, 321
solenoids, 87
troubleshooting, 322, 493
Combustion chambers, 110, 130
Commercial air-conditioning, 615, 616-617
air-cooled, 5636-640
circuits, 623-629
condensing units, 629-634
electronic control systems, 650-655
equipment, 617-623
packaged, 634-635
prneumatic control systems, 644-650
types of, 641-644
water-cooled packaged units, 640-641
Commercial condensing units, 618-619
Commercial freezer schematic diagrams,
126-129
Commercial heating equipment, 617-623
Commercial refrigeration systems, 155-161
Communicating thermostats, 355, 385-388
Components for control systems, 318
contactors, 319-324
magnetic starters, 337-341
overloads, 330-337
push-button stations, 341-342
relays, 324-330
Components for slectric motars
amperage relays, 284-286
bearings, 298-300
current relays, 284-286
motor drives, 301-304
potentinl relays, 285-291
service calls, 305-310
solid-state relays, 297-208
starting relays, 283-284
Compounds, 21, 23
Compressors, 85
circuits, £29-632
control circuits, S50
hermetic, 214, 251-263
internal overload, 318
motor controls, 623-625
solid-state relays, 293
Computer monitoring, 655
Condenser fan motor circuits, 85, 551,
627, 632
Condensing units, 542, 544 570-574, 618-619
commercial air-conditioning, 629-634
power supply, 598
three-phase connections, 6500
water-cooled, 615
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Conductors, 1, 5, 21-29, 216
Conduits, 205
Connections
condensing units, 600
diagrams, 110
Construction
ECMs, 248-249
relays, 328-329
Contactors, 83, 89-91, 104, 318, 319-324, 489, 550
applications, 319-320
coils, 321
contacts, 322
diagnostice, 665-566
electromagnets, 217
operations, 320-321
repairing, 323-324
symbols, 114
troubleshooting, 322-324, 492494
Contacts, 90, 91, 318,322
relays, 328
troubleshooting, 323, 492
Continuity, 60, 75, 79
Continuous ignition systems, 451
Control circuits, 43, 46, 47
Control devices {electric heat), 471-475, 505-508
Control devices {electronic), 409, 410412
basic fundamentals, 417419
for electric motors, 423
heat pumps, 425-428
oil furnaces, 433
one-function, 420
protection devices, 423-425
timers, 42022
troubleshooting, 433-435
Cantrol devices (gas heat), 508-518
Caontrol devices (heating)
fundamentals, 440443
gas controls, 450465
oil heating, 465471

Control devices (hydroponics and steam), 475477

Control devices (oil heating), 519-522
Controlling elements, thermaostats, 355, 361-370
Control loops, 615, 642, 643

Control relays, 110

Control systems (commercial air-conditioning), 615,

616-617

air-cooled with remote condensers, 636-640
circuits, 623-629

condensing units, 523-634

electronic control systems, 650-655
equipment, 617-623

packaged, 634-635

pneumatic control systems, 644-650
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types of, 631-644
water-cooled packaged units, 640-641
Cantrol systems (electric), 318
contactors, 319-324
magnetic starters, 337-341
overloads, 330-337
push-button stations, 341-342
relays, 324-330
service calls, 342-347
Cantrol systems (residential air-conditioning), 541-544
advanced control systems, 591-597
check, test, and start procedures, 605-607
circuits, 548-560
customer relations, 608-610
equipment, 544-549
field wiring, 557-605
heat pumps, 576-590
packuged units, 561-570
split system, 570-576
Control systems, troubleshooting, 697-701
Cantrol wiring, 542, 597, 601-605
Coaling. See also Air-conditioners
anticipators, 373-375
cycles (heat pumps), 586, 589
operations, multistage thermostats, 148
Copper wire, 186
Couplings, direct drives, 301-302
Current flow, 4, 31-32
circuits, 44. See also Electrical circuits
magnetic fields, 63
measurement of, 30, 68
parallel circuits, 52-54
series circuits, 48-50
Currents, 21, 31, 40
overload, 318, 335
relays, 282, 284-286
voltage-current systems, 169
Current-sensing lockout relays, 662
Customer relations, 542, 608-610
Customer service, 263-265
Cycles
alternating current (AC), 167-168
anti-short-cycling timers, 615
of basic electric motors, 219
defrost, 110, 125, 129, 150
of aperations (heat pumps), 578
pump-down control systems, 155-161
short, 110, 141

D

Dampers, zones, 635

De-energized {relays), 83, 90

Defrost controls (heat pumps), 560, 581-584




Defrost cycles, 110, 125, 129, 150, 568
Defrost modules, 409
Dehumidifiers, 110, 117-120
Delay-on-make timers, 420421
Delays, time-delay control (TDC), 566
Delta systems, 165, 176-178
Delta windings, 214, 244
Design, schematic disgrams, 112-116
Devices, B4-89. See also Loads
Diagnostics. See Troubleshooting
contactors, 665-666
control systems, 697-701
electrical components, 664666
motars, 664-665
relays, 665-666
switches, 665
Diagrams
cannection, 110
electrical wiring, 667-668
factual, 101
fault isolation, 662, 684
installation, 83, 102-104, 110
laddar, 110
pictorial, 83, 101-102, 103
schematic, See Schematic disgrams
wiring. See Wiring
Differentials, 355, 391
Digital meters, 60, 64
Digital thermostats, 355, 366-367
Dimensions, electric maotors, 223
Diodes, 414415
Direct current (dc), 21, 31
overview of, 166
power distribution, 172-173
Direct digital contral systems, 615, 650-655
Direct drives, 282, 301-302
Direct ignition burner control system, 455-462, 516-518
Discharge line thermostat (DLT), 633
Disconnect switches, 83,94, 185, 194-198
fusible, 185
nonfusible, 185
Distribution centers, 185, 203-204, 211
Double insulated, 1, 11
Drives, motors, 301-304
Drop, voltage, 49, 187, 192-194
Dry cell batteries, 26

E

Effective voltage, 165, 168

Electrical circuits, 1, 43. See also Circuits
basic concepts of, 4446
installation, 205-210
overview of, 44

parallel circuite, 50-54
series circuits, 46-50
series-parallel circuits, 54-57

Electrical components (heat pumps), 579
Electrical components, diagnostics, 664-566

Electrical grounding, 9-12
Electrical meters, 666, 672-682
Electrical resistance heaters, 442, 585
Electrical safety. See Safety
Electrical shocks, 1, 3, 6, 7-8
Electrical wiring diagrums, 667-668
Electric energy, 21
Electric furnaces, 442, 542
Electric heat

control devices, 471-475

troubleshooting controls, 505-508
Electricity, 21, 25

static, 26

through chemical means, 26-27

through magnetism, 27-28
Electric meters

ammeters, 68-72

ohmmeters, 75-79

overview of, 61-67

voltmeters, 72-75
Electric mators, 213

basic, 218-220

capacitors, 227-232

capacitor-start-capacitor-run, 241-243

closed, 222-223

INDEX

companents for. See Components for electric motors

control devices for, 423
dimensions, 223

electronically commutated motors (ECMs), 245-251

hermetic compressors, 251-263
magnetism, 214-217
open, 222-223

permanent split-capacitor (PSC), 238-241

Protection devices, 423475
service calls, 263-272
shaded-pole motors, 223-327
speed, 221-222
split-phase, 232-238
strength, 221
three-phase, 243-245
troubleshooting, 450-492
types of, 220-223
Electric potential, 20-31
Electric power, 21, 33-36. 3B-39, 40
Electric pressure, 21,30
Electrodes, 21, 26
Electrolytes, 21, 26, 27
Electromagners, 214, 216

731



INDEX

Electromorive force, 1, 3, 25, 40

Electronically commutated motors (ECMs), 214, 245-251

Electronic control devices, 409, 410-412
basic fundamentals, 417419
electric hear, 471475
for electric motors, 423
heat pump electronic modules, 425428
hydroponics and steam, 475477
oil furnaces, 433
one-function, 420
protection devices (electric motors), 423-425
residential gas furnaces, 429-432
service calls, 477-482
simple temperature control, 419
timers, 420422
troubleshooting, 433-435
Electronic control systems, 615, 650-655
Electronic digital programmable thermostats, 385
Electronic gas furnace control modules, 409
Electronic motor overloads, 409
Electronic resistance heaters, 438
Electronic self-diagnostic features, 662, 672
Electronic system components, 412-417
diodes, 414415
light-emitting diodes (LEDs), 416417
rectifiers, 414415
semiconductors, 412-414
thermistors, 417
transistors, 415416
trincs, 416
Electronic timers, 403
Electrons, 21
excess, 29, 30
flow, 26-28, 216
magnetism, 28
Elements, 21, 22
Emissions, 222
Enclosed capacitor split-phase motors, 237-238
Enclosures, 197
Energized (relays), 83, 90
Energy, 33-36
Energy efficiency ratings, 544
Energy-efficient electric motors, 222
Energy Policy Act (1992), 222
Equipment
air-conditioning (residential), 544-549
heating (commercial), 517-623
Evaporators, 548, 551-553, 577
Exterior overload, 254

F

Factory-installed wiring, 542, 597
Factual diagrams, 83, 101
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Failures. See Troubleshooting
Fan-coil units, 542, 548-549
Fan cycle control (FCCT), 567
Fan draft motor (FDM), S66
Fan draft relay (FDR), 566
Fan motors, évaporator contral circuits, 551-553
Fans
condenser, 85
controls, 443447
switches, 438
Fault isolation diagrams, 662, 684
Field of force, 21, 29
Field wiring, 542, 597-605
Fire eye sensors, 454
Flow
current, 4
electrons, 26-28, 216
reversals, 167
Flux, 214, 215
Force, field of, 29
Formulas. See aiso Calculating
parallel circuits, 53-54
series circuits, 49-50
Free electrons, 21, 25
Frequency, 165, 167-168
Full-load amperage {FLA), 232, 284
Furnaces. See also Heating
control boards, 462-465
control systems, 549, 554-556
electric, 442
evaporators, 548
fossil fuel, 585
gas, 110, 129-132, 441
oil, 441, 558
power supply, 598
terminal boards, 603
Fuses, 1,13, 83 57,318
overloads, 330-331
sizes, 186
sizing, 600-601
troubleshooting, 495
Fusible disconnect switches, 185, 197-198, 206
Fusible load centers, 185, 199-200

G
Cas
generating electricity, 172
valves, 438, 509-512
Gas control devices (heating), 450-465, S08-518
Gas furnaces, 110, 441, 542. See also Pilots
diagnostic codes, 678
electronic control modules, 409
ignition controls, 411



pressure switches, 451
schematic diagrams, 129-132, 557
Gas heat electric packaged air-conditioning units, 564-568
Gas packs, 545
General Electric (GE) potential relay, 200
CGreen technology
electric motors, 222
electronically commutated motars (ECMs), 251
energy efficiency ratings, 544
hermetic compressors, 253
hybrid heat pump systems, 575
mercury dispesal, 377
multistage equipment, 378
polychlorinated biphenyls (PCBs), 232
programmable thermostats, 385
zoned sir-conditioning systems, 597
Ground fault circuit interrupters (GFCls), 1, 11
Grounding adapters, 10
Grounds, 1, 9-12
Guidelines, safety, 17-18

H

Hard-start kits, 289

Heaters, 83, 88, 585

Heating
anticipators, 371-373
commercial equipment, 617-623
electrical circuit installation, 205-210
modes (heat pumps), 589
multistage thermostats, 144-148

Heating control devices, 438, 439-440
basic controls, 443-450
fundamentals, 440443
gas controls, 450-465
oil heating, 465471

Heat pumps, 110, 148-155, 542, 545
air-to-air, 568, 586
cantrol modules, 409, 556-560
defrost controls, 411, 560, 581-584
electrical components, 579
electrical connections, 209
electronic modules, 425428
HSPF (Heating Seasonal Performance Factor), 544
hybrid systems, 579
packaged air-conditioning units, 568-570
residential air-conditioning, 576-590
reversing valves, 579-581
sequence of operations, S86-5%0
staging thermostats, 381-382
supplémentary heat, 585
water source, 568, 569, 570
Wwater-to-air-heat pumps, 568

Hermetic compressors, 214, 251-263

INDEX

Hertz (Hz), 169
Higher-voltage systems, 179-182, 183
High-pressure switches, 125, 355, 390, 633
Hopscotching, 662, 688-597

Hot surface ignition, 438, 459, 557

Hot water boilers, 442, 615, 619-620

HSPF (Heating Seasonal Performance Factor), 544
Humidistats, 355, 392

Hybrid heat pump systems, 579
Hydrogsn atoms, 23

Hydroponics control devices, 475-477
Hydropower, generating electricity, 172

|
Ignition controls (gas furnaces), 411
Ignition modules, 403, 438, 455, 489, 516
Impedance, 165, 171, 182
Induced magnetism, 214, 216-217
Inductance, 165, 169-171
Inductive loads, 318, 322, 330
Inductve reactance, 165, 171
Industrial air-conditioning/heating, 617. See also
Commercial air-conditioning/heating
Industrial condensing units, §18-519
Injuries, 3-8
Installation
breaker panels, 200-203
diagrams, 83, 102-104, 110
disconnect switches, 194-198
distribution centers, 203-204
electrical circuits, 205-210
fusible load centers, 199-200
Instructions, 662, 668
overview of, 186
packaged air-conditioning units, 547
programmsble thermostats, 384-385
thermostats, 375-376
wire size, 186-194
Insulators, 21, 28-29
Interlocks, 615, 625, 627-628
Intermittent pilot burner control system, 453458,
513-515
Internal compressor overload, 318, 323
Internal overload, 255, 458-499

K
Kilowatthours (kWh), 21, 24, 40

L

Ladder diagrams, 110

Law of electric charges, 21, 25

Light commercial sir-conditioning systems, 110, 138-140
Light-emitting diodes (LEDs), 409, 416417
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Lights, signal, 83, 88
Limit switches, 110, 130, 447-448
Line break overload, 318, 332
Line-voltage
control systems, 110, 117
overloads, 496
thermostats, 355, 367-368, S00-501
Live electrical circuits, 1, 2
Loads, 83, 84-89
circuits, 44
fusible load centers, 185, 199-200
heaters, 88
inductive, 318, 322, 330
motors, 85-87. See also Motars
parallel circuits, 50
resistive (noninductive), 318, 322, 330
signal lights, 88§
solenolds, 87
symbols, 104, 114
Locked rotor amperage, 282, 284
Lockout relays, 110, 141-144
Lockouts, circuit, 15-17
Low-pressure boilers, 442
Low-pressure switches, 125, 355, 390-391, 633
Low-voltage contrel systems, 110, 113, 129
Low-voltage thermostats, 355, 362, 368-370, 501-502
Lubrication, sleeve bearings, 299-300

M
Made circuits, 44
Magnetic fields, 60, 62, 63, 214, 215
alternating circuit (AG), 169
ammeters, 69
voltmeters, 73
Magnetic overload, 83, 57, 318, 335
Magnetic relays, 282 284
Magnetic starters, 83, 91-92, 318, 337-341
operations, 339-340
troubleshooting, 340-341
types of, 33%-340
Magnetism, 27-28, 214-217
Main valve (MV), 567
Manual switches, 94
Matter, 21,22
Measurable resistance, 60, 75
Measurement
current flows, 30, 88
microfarads, 227
resistance, 75
Mechanical linkage, 318
contactors, 322,323
relays, 329
troubleshooting, 494
Medical assistance, shock victims, 7-8
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Mercury bulb thermostats, 365
Mercury disposal, 377
Meters, See nlso Electric meters
accuracy of, 67
analog, 64
differences among, 64-67
digital, 64
electrical, 672-682
volt-ohm, 72, 76
Microfarads, 214, 227, 230
Modules, defrost, 409
Molecules, 21, 22
Monitoring bulldings/computers, 655
Motors, 83, 85-87, 489. See also Electric motors
blower motor circuits, 625-627
compressor controls, 623-625
condenser fan motor circuits, 627. 632
diagnostics, 664-665
drives, 301-304
electronic motor overloads, 409
evaparator control circuits, 551553
fan dmft motor (FDM), 566
troubleshooting, 490-202
Multifunction electronic motor protectors, 425
Multistage thermostats, 110, 144-148

N
National Electrical Code (NEC), 1, 8, 185, 186, 187
circuit protection, 12-1%5
grounds, 9-12
wire-sizing charts, 182
National Electrical Manufacturers’ Association (NEMA), 222
Negative charges, 24-25
Neutrons, 21,23
Nonfusible disconnect switches, 185, 197-198
Noninductive loads, 330
Normally (contacts), 83, 50
Normally closed (contacts), 83, 90, 91
Normally open (contacts), 83, 90, 91
Notation, pressure switches, 391-392
Nucleus, 21, 23, 29

o}
Ohmmeters, 60, 64, 75-79
Ohms, 21, 30
Ohm’s law, 21, 36-38
parallel circuits, 53
voltage drop caleulations, 50
0il
generating electricity, 172
sleeve bearings, 299-300
0il furnaces, 433, 441, 542, 558
Oil heating controls, 465-471, §19-522
Oil safety switches, 355, 392-394




One-function control devices, 420
Open circuits, 43, 44, 60, 75
Open electric motors, 222-223
Open-type electric motors, troubleshooting, 491
Operations
Capacitor-start-capacitor-run motors, 241-242
contactors, 320-321
current relays, 284-286
electronically commutated motors (ECMs), 249-250
heat pumps, 578, 586-590
hermetic compressors, 252-253
magnetic starters, 339-340
permanent split-capaciter (PSC) motors, 239-240
potential relays, 286-288
shaded-pole motors, 224-225
solid-state starting relays, 296-298
split-phase motors, 234-235
staging thermostats, 379-380
three-phase motors, 244
transformers, 356-357
Output, calculating, 34
Overloads, 97, 318, 330-337
bimetal, 333
currents, 318, 335
electranic motor, 409
exterior, 254
fuses, 330-331
internal, 255, 498499
internal compressor, 318, 333
line break, 318, 332
line voltage, 496
magnetic, 318, 335
pilot duty, 318, 332, 335, 496498
protection, 423-424
thermal, 83
troubleshooting, 337, 494-498

Oxygen atoms, 23

P
Fackaged air-conditioning units, 544, 545-547,
561-570
commercial, 634-635
gas heat electric, 564-568
heat pumps, 568-570
power supply, 599
schematic diagrams, 132-137
Package units, 542
Panels
breaker, 200-203
breakers, 199
Parallel circuits, 43, 44, 50-54
applications, 50-51
characteristics of, 52-54
schematic disgrams, 115

INDEX

Peak voltage, 165, 168
Permanent magnets, 214, 216
Permanent split-capacitor (PSC) motors, 214, 238-241,
293,294
Phase reversal protector, 425
Phases, 165, 169
Pictorial diagrams, 83, 101-102, 103
Pilot relight control (PRC), 566, 567
Pilots, 438, 439
adjusting flames, 509
nssemblies, 438, 455
dirzct ignition burner control system, 516-518
duty devices, 83, 97
duty overload, 318, 332, 335, 496-498
intsrmittent pilot burner control system, 513-51%
Pilot valve (PV), 567
Pneumatic control systems, 615, 644-650
Poles, 90
magnetism, 215
shaded-pole motors, 223-227
of stators, 220
Polychlorinated biphenyls (PCBs), 232
Positive charges, 24-25
Positive temperature coefficient (PTC), 284
Potential difference, 29
Potential relays, 282, 286-291
Power
circuits, 43, 50
distribution, 172-173
factor, 22, 33, 40, 165
wattage, 171-172
Power supply
condensing units, 598
to furnaces, 598
packaged air-conditioning units, 599
schematic disgrams, 100, 113
series circuits, 47
Power wiring, $42, 597-600
Pressure, electric, 30
Pressure switches, 83 96, 355, 388-392, 448450, 489
gas furnaces, 451
troubleshooting, 392, 503-504
Primary controls, 438, 465
cad cell troubleshooting, 521-522
stack switch troubleshooting, 519-521
Programmable thermostats, 355, 382-385
applications, 382-384
electronic digital, 385
installation, 384-385
Protection devices for electric motors, 423-425
Protons, 22, 23
Pump-down control systems, 110, 155-161
Push-button stations, 318, 341-342
Push-button switches, 83, 94, 95
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R
Range, 355, 391
RBM potential relays, 291
Reactance, 165
Reading
advanced schematic diagrams, 137-161
basic schemntic diagrams, 116-137
Rectifiars, 409, 414415
Redundant-type gas valves, 511
Refrigerant 22 (R-22), 23
Refrigeration, electrical circuit installation, 205-210
Relays, 83, 89-91, 104, 318, 324-330, 486
amperage, 284-285
applications, 325-328
construction, 328-329
control, 110
currents, 282, 284-286
current-sensing lockout, 662
diagnostics, 665-666
fan draft relay (FDR), 566
lockout, 110, 141-144
magnetic, 284
potential, 282, 286-291
for single-phase motors, 283-284
solid-state, 282, 292-298
symbols, 114
time-delay, 355, 394, 446
troubleshooting, 330, 492-494
Remote bulb thermostats, 362-363
Remote condensers, 636-640
Repairing contactors, 323-324
Replacing capacitors, 229
Residential air-conditioning, 541-544
advanced control systems, 591-597
check, test, and start procedures, 605-607
circuits, 545-560
customer relations, 608-610
equipment, 544-543
fieid wiring, 597-605
heat pumps, 576-590
packaged air-conditioning units, 561-570
split system, 570-576
Residential gas furnace control devices, 429-432
Resistance, 22, 32-33, 40
measurement, 75
parallsl eircuits, 52-54
series circuits, 48-50
Resistance-start-induction-run motors, 232-234
Resistive (noninductive) load, 318, 322, 330
Reversing
flow, 167
shaded-pole motors, 226
valves, 110, 148, 542, 577, 579-581, 582
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Rotating turbines, 172
Rotors, 214, 218
locked amperage, 284
squirrel cage, 214, 220
Running capacitors, 214, 228

S
Safety, 2-3
devices, 97-99
guidelines, 17-18
shutoffs, 512
Safety controls
circuits, 554, 632-634
symbols, 114
Schematic diagrams, 83, 100-101
208-volt-three-phase-60-Hz wye systems, 178
240-volt-single-phase-60-Hz systems, 174
240-volt-three-phase-60-Hz deltz systems, 176-178
277/480-volt systems, 181
advanced, 137-161
air-conditioning systems controlled by multistage
thermostats, 144-148
air-conditioning systems with lockout relays,
141-144
air-cooled packaged units with remote condensers,
638, 639
air-to-gir heat pumps, 580
anti-short-cycling timers, 422
basic, 116-137
capacitors, 230
capacitor-start—capacitor-run motors, 242
commercial condensing units, 630
commercial freezers, 126-129
condensing units, 575
contactors, 320, 550
current relays, 285, 286
defrost circuits (heat pumps), 584
dehumidifiers, 117-120
delay-on-make timers, 421
design, 112-116
digital thermaostats, 367
distribution centers, 204
electronic control modules (heat pumps), 427
evaporator fan motors, 553
fan motors, 552
fusible disconnect switches, 195
gas furnaces, 129-132, 557
gas heat electric packaged sir-conditioning units,
567, 568
hard-start kits, 289
heat pumps, 148155, 587, 588, 590, 691
ignition modules (gas furnaces), 430
light commercial air-conditioning systems, 138-140



line break overloads, 332
magnetic overloads, 336
magnetic starters, 339
mechanical electrical control systems, 644
oil furnaces, 558
overloads, 331
overview aof, 110-112
packaged air-conditioning units, 132-137, 562, 563
potential relays, 288
pump-down control systems, 155-161
relays, 325, 326, 327
shaded-pole motors, 225
simple window air conditioners, 120-123
single-phase compressors, 253
solid-state starting relays, 297
split-phase motors, 237
staging thermostats, 380
thermostats, 360, 361
thres-phase motors, 244
walk-in coolers, 123-126
water-cooled condensing units, 628
water-cooled packaged units, 641
water source heat pumps, 570
zone control systems, 596
Sealed motors, troubleshooting, 491
Seasonal energy efficiency mtio (SEER), 22, 36
SEER (Seasonal Energy Efficiency Ratio), 544
Semiconductors, 409, 412-414
Sequence of operations (heat pumps), 586-550
Sequencers, 438, 472, 473, 506
Series circuits, 43, 44 46-50
applications, 46-48
charactenstics of, 48-50
Series-parallel circuits, 43, 44, 54-57, 55-57
Service calls
commerciul refrigeration, 399-400
components for electric motors, 305-310
control systems, 342-347
electric motors, 263-272
electronic control devices, 477-482
industrial conditioned air system, 400-401
refrigerators, 3197-398
residential conditioned air system, 396-397,
398-399
troubleshooting, 522-529, 701-707
Service instructions, 662, 668
Set points; 110,120
Shaded-pole motors, 214, 223-227
Shocks, 1,3, 6
Shock victims, medical assistance for, 7-8
Short circuits, 60, 75
Short cycles, 110, 141
Shutoffs, safety, 512

INDEX

Signal lights, 83, 88
Simple tempemature control, 419
Simple window air conditioners, 120-123
Sine waves, 163, 166, 167
Single-phase, 165, 169, 424
Single-phase alternating current (AC), 173-175
Single-phase motors, starting relays for, 283-284
Sizing
fuses, 600-501
transformers, 357-358
wire, 186-194, 600-601
Sleeve bearings, 282, 299-300
Snap action, 355, 364
Solenoids, 83, 87, 155
reversing valves, 581
valves, 355, 395-396
Solid state, 409, 412
Sclid-state relays, 282, 292-298
Spark ignition, 438, 459
Speed of electric motors, 221-222
Spikes, voltage, 409, 418
Split-phase motors, 214, 232-238
Split system, 570-576
Split systems, 542, 544, 547-545
Squirrel cage rotors, 214, 220
Stack switches, 438, 466, 467, 469471, 519-521
Staged systems, 378
Staging thermostats, 355, 378-381
haat pumps, 381-382
operations, 379-380
Standing pilot burner control systems, 451453
Starters
hard-start kits, 289
magnetic, 91-92, 318, 337-341
Starting
capacitors, 214, 227
check, test. and start procedures, 605-607
relays, 282
single-phase motor relays, 283-284
Star winding, 214, 244
Static electricity, 22, 26
Stators, 214, 218
Steam boilers, 442
Steam control devices, 475477
Stop-start push-button stations, 341
Strength of electric motors, 221
Supplementary heat (heat pumps), 585
Switches, 83, 92-96
centrifugal, 236, 566
diagnostics, 665
disconnect, 83, 94, 185, 194198
fans, 438, 443447
fusible disconnect, 185, 197-198, 206
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Switches (Continued)
high-pressure, 125, 355, 390, 633
limit, 110, 130, 447448
low-pressure, 125, 355, 390-391, 633
nonfusible disconnect, 185, 197-198
oil safety, 355, 392-394

pressure, 83, 96, 355, 388-392, 448450, 489, 503-504

push-button, 83, 84, 85
stack, 438, 486, 467, 519-521
symbols, 114

Symbols, 83
capacitors, 227
contactors, 90, 104
diodes, 414
fuses, 97
heaters, 88
light-emitting diodes (LEDs), 416
loads, 104
magnetic starters, 92
manual switches, 94
motors, 86
overload, 98, 99
pressure switches, 96
push-button switches, 95
rectifiers, 414
relays, 90, 104
schematic diagrams, 114
signal lights, 88
switches, 93
thermostats, 95
transformers, 99
triacs, 416

Systems

208-volt-three-phase-60-Hz wye systems, 178-179
240-volt-single-phase-60-Hz systems, 173-175

240-volt-three.phase-60-Hz deltz systems,
176-178
277/480-volt systems, 180-182

T
Temperature control, 419
Terminal boards, furnaces, 603
Terminazl identification, 253-254
Terms, pressure switches, 391-392
Testing
capacitors, 231
check, test, and start procedures, 605-607
Thermal overload, 83, 97
Thermistors, 409, 413, 417
Thermocouples, 438, 452, 511
Thermostats, 83, 94, 85, 358-377, 489
anticipators, 370-375
applications, 358-361
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bimetal, 363-365
communicating, 355, 385-388
controlling elements, 355, 361-370
digital, 355, 366-367
discharge line thermostat (DLT), 633
electronic programmable, 410
installation, 375-376
line-voltage, 355, 367368, 500-501
low-voltage, 355, 362, 368-370, 501-502
mercury bulb, 3635
multistage, 110, 144-148
overview of, 355-356
programmable, 355, 382-385
remote bulb, 362-363
staging, 355, 378-381
troubleshooting, 376-377, 500-502
wiring, 605
Three-phass, 165, 162
alternating current (AC), 175-176
connections (condensing units), 600
motors, 214, 243-245
Three-prong plugs, 1, 10
Throw (switches), 83, 92
Time clocks, 355, 394-395
Time-delay control (TDC), 566
Time-delay relays, 355, 394, 446
Timers, 420422
anti-short-cycling, 409, 422, 615, 629
break, 420421
delay-on-make, 420-421
electronic, 409
solid-state, 410
Tools
charts, 668-672
electrical meters, 566
electrical wiring diagrams, 667-668
electronic self-diagnostic features, 672
hopscotching, 688-697
installation instructions, 668
service instructions, 668
troubleshooting, 666-672
Torque, 214, 223
Transformers, B3, 99-100, 355, 356-358, 489
operations, 356-357
sizing, 357-358
symbols, 114
troubleshooting, 358, 504-505
Transistors, 409, 415416
Trees, troubleshooting, 662, 684
Triacs, 409, 416
Troubleshooting, 489
cad cells, 521-522
capacitors, 228-232



capacitor-start-capacitor-run motors, 242-243
charts, 662, 668672, 582-588
circuit breakers, 495
cails, 493494
contactors, 322-324, 492494
control systems, 697-701
current relays, 286
direct ignition burner control system, 516-518
with electrical meters, 672-682
electric heat controls, 505-508
electric motors, 490462
electronically commutated motore (ECMs), 250-251
electronic control devices, 433-435
fuses, 495
gas control devices (heating), 508-518
hermetic compressors, 254263
hopscotching, 688-697
intermittent pilot burner contrel systems, 513-515
internal overloads, 498-495
line voltage overloads, 494
line-voltage thermostats, 500-501
low-voltage thermostats, 501-502
magnetic starters, 330-341
mechanical linkage, 494
oil heating controls, 515-522
overloads, 337, 4944099
permanent split-capacitor (PSC) motors, 240-241
pilot duty overloads, 496458
potential relays, 288-291
pressure switches, 392, 503-504
relays, 330, 452-494
schematic diagrams, 110
service calls, 522-529, 701-707
shaded-pole motors, 227
solid-state starting relays, 298
split-phase motors, 235-236
stack switches, 518-521
thermostats, 376-377, 500-502
three-phase motars, 245
toals, 666-672
transformers, 358, 304-505
trees, 662, 684
Turbines, 172
Twe-stage heating, 586
Types
of circuits, 44
of commercial air-conditioning, 641-644
of disconnect switches, 206
of electric motors, 220-223
of fuses, 13, 97
of magnetic starters, 339-340
of meters, 84-67
of motors, 85

INDEX

of pressure switches, 388

of solenoids, B7

of staging thermostats, 379-380
of starting relays, 283

of switches, 23

u
Universal motor starting relays, 296

v
Values, electrical shocks, 6
Valves
gas, 438, 505-512
main valve (MV), 567
pilot valve (PV), 567
reversing, 110, 148, 542, 577, 579-581, 582
solenoids, 355, 395-33¢
Variable frequency drives (VFDs), 246
Varistors, 409, 413
V-belts, 282, 302-303
Voltags, 29
drops, 43, 49, 187, 192-194
effective, 165, 168
electrical meters, 579
higher-voltage systems, 175-182, 183
line-voltage control systems, 110
low-voltage control systems, 110
parallel circuits, 52-54
peak, 165, 168
series circuits, 47, 48-50
spikes, 409, 418
Voltage-current systems, 162
Voltage/Potential Difference/Electromotive
Force, 22
Voltmeters, 60, 64, 72-75
Volt-ohm meters, 72, 76
Volt-ohm-millimeters, 60, 51
Volts, 22, 30

w
Walk-in coolers, 123-126
Water, atomic structure of, 23
Water chillers, 615, 621-523, 625
Water-cooled condensing units, 615, 627-528
Water-cooled packaged units, 546, 540-541
Water source heat pumps, 568, 569, 563, 570, 70
Water-to-air heat pumps, 568
Watts (W), 22, 33
Windings

electric motors, 215

shaded-pole motors, 224

split-phase motors, 235
Window air conditioners, 120-123
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Wiring
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control, 542, 557, 601-605
electrical diagrams, 667-668
factory-installed, 542, 597
fan switches, 444

field, 542, 597-605
line-voltage thermostats, 368
low-voltage thermostats, 369
power, 542, 597-600

programmable thermosrats, 384
push-button stations, 341
wire size, 186-194, 600-601

Wye systems, 165, 178-179, 244

Z

Zones
control systems, 592-597
dampers, 635



