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Notice to the user of this book

The safe maintenance or repair of any electrical apparatus requires
a thorough knowledge of engineering safety and repair techniques,
and familiarity with the particular features of the apparatus
involved. This book cannot, and does not deal with the numerous
details of every manufacturer’s apparatus necessary for safe repair
or maintenance. The inexperienced electrician or unqualified lay-
man should not expect this book to provide sufficient instructions to
‘permit him- to-safely repair any electrical apparatus. Use only quali-
fied electrical repair personnel to do any work required, and refer
those workers to the manufacturers’ warnings and instructions
before starting any work.

Severe or fatal electrical shock or burn can result from failure to
properly service or repair equipment.

Safety
Disclaimer of Warranties and Limitation of Liability

There are no understandings, agreements, representations, or war-
ranties, express or implied, including warranties of merchantability
or fitness for a particular purpose.

The information, recommendations, descriptions, and safety notations in
this document are based on Westinghouse experience and judgment with
respect to maintenance hints. This information must not be consid-
ered to be all inclusive or covering all contingencies. If further infor-
mation is required, the equipment or material manufacturer must be
consulted.

This document is furnished in ‘‘as is’’ condition. No warranties,
express or implied, including warranties of fitness for a particular
purpose, of merchantability, or warranties arising from course or
dealing or usage of trade, are made regarding the information, rec-
ommendations, descriptions, and safety notations contained herein.
In no event will Westinghouse be responsible to the user in contract, in
tort (including negligence), strict liability or otherwise for any direct,
special, indirect, incidental, or consequential damage or loss whatso-
ever, including but not limited damage or loss of use of equipment,
plant or power system, cost of capital, loss of profits or revenues, cost
of replacement power, additional expenses in the use of existing power
facilities, or claims against the user by its customers resulting from the
use of the information, recommendations, descriptions, and safety nota-
tions contained herein.



Warning

Warnings, recommendations, and instructions contained in this book
may not apply to equipment designed and built after the book was writ-
ten. The manufacturers’ applicable instructions should be consulted in
all instances.

Warning: This document is not all inclusive. It does not cover all
contingencies. Read and follow the manufacturer’s instructions
before attempting to handle, store, install, use, or service any

equipment. Failure to follow_these instructions can result in severe _

personal injury, death, or damage to property.

Warning: Hazardous voltage, vapor, hot oil, and other hazardous
conditions can be present in electrical equipment and related sys-

tems. Competent trained personnel are required to handle, store,

install, use, or service any equipment. Failure to follow this warn-
ing can result in severe personal injury, death, or damage to

property.

Warning: Follow the safety instructions given in Volume 1
Chapter 5 and throughout the book. Failure to do so can result in
severe personal injury, death, or damage to property.




Preface

This set of books is intended to provide a condensed treatment of
acceptable maintenance practice on the most commonly used types of
electrical equipment. Where specific references or examples were
required, products manufactured by the Westinghouse Electric Corpora-
tion or components used in such products have been used.

Since this book is directed to the maintenance of electrical equipment an
attempt has been made to make it applicable to older as well as new
apparatus and devices. ] :

For the user’s convenience the book has been bound in four volumes,
I General Maintenance, 2 Industrial Equipment Maintenance,

3 Power Apparatus Maintenance, 4 Reference Material and Tables and
Formulas. An additional volume entitled Index, is supplied to help you
locate specific topics. It consists of a volume/chapter listing, followed
by a detailed index.

Page numbering reflects this organization.

I:1.1

The first digit indicates the volume
The second digit the chapter

The third digit the page






Part 1

Volume and Chapter Listing

Volume 1. General Maintenance
Cha_pter 1; Méintenance - Plan. For Reliﬁbility
Chapter 2. Receipt and Care of Delivered Apparatus
Chapter 3. Maintenance of Installed Equipment
Chapter 4. Fundamentals of System Design

Chapter 5. Safety

Chapter 6. Insulating Materials

Chapter 7. Cable Construction and Application
Chapter 8. Current Groundiﬁg Practice

Chapter 9. Bearings, Care and Maintenance

Chapter 10. Rehabilitation of Flood Damaged Electrical Equipment

(Continued)



Volume 2. Industrial Equipment Maintenance

Chapter 1.
Chapter 2.

Chapter 3.

Chapter 4.

A-C Control Starters and Contactors
Maintenance of Control Components
Pushbuttons and Operator Controlled Switches

Molded Case Circuit Breakers

Chaptér 5.
Chapter 6.
Chapter 7.
Chapter 8.

Chapter 9.

. Chapter 10.
Chapter 11.
Chapter 12.

Chapter 13.

Panelboards and Switch Boards
Motor Control Centers
Alternating-Current Motors
Large Rotating Apparatus

Parallel Operation of Direct-Current Generators and Direct
Current Motors

D-C Machines and Regulated Drives
Rotating Equipment Vibration, Alignment, and Noise
Capacitors

Regulated Thyristor Drive Systems

Chapter 14.
- Chapter 15.
Chapter 16.
Chapter 17.
Chapter 18.
' Chap-ter 19.
Chapter 20.

Commutator Care and Maintenance

Electrical Brakes

Industrial Gearing

Dry-Type Distribution Transformers '
Instrument Transformers

Electrical Instruments

Protective Relays




Volume 3. Power Apparatus Maintenance

Chapter 1. Metal-Enclosed Low-Voltage Power Switchgear
Chapter 2. Metal-Clad Switchgear

Chapter 3. Switchgear Air Circuit Breakers

_ Chapter 4. Liguid Immersed Power Transformers

Chapter 5. Outdoor Condenser Bushings

Chapter 6. Dry-Type Power Center Transformers

Chapter 7. Distribution Transformers

Chapter 8. Protection Devices

Volume 4. Reference Material and Tables and Formulas

Chapter 1. Reference Tables and Formulas

Chapter 2. Connection and Terminal Markings

Chapter 3. Maintenance Records and Inspections

Chapter 4. Common Abbreviations and Technical Terminology

Chapter 5. Graphic Symbols for Electrical Diagrams






Part 2

Alphabetical Listing by Topic

A

Abbreviations 4:4.1 thru 4:4.11
A-C Control Starters and Contactors 2:1.i
~ General guidelines 2:1.1
Maintenance program 2:1.4
A-C squirrel cage induction motor starters 2:1.17
Bearings 2:1.11
Check for grounds 2:1.16
Clean dry controllers 2:1.5
Clean contacts 2:1.8
Ease of inspection and repair 2:1.4
Enclosures 2:1.4
Installation 2:1.4
Magnetic sticking 2:1.17
Maintain arc interrupters 2:1.12
Maintain dashpots 2:1.14
Maintain rated voltage 2:1.11
Maintain shunts 2:1.14
Maintenance requirements 2:1.22
Noisy a-c contactors 2:1.16
Personal safety 2:1.3
Renewal parts stocks 2:1.4
Replace worn contacts 2:1.6
Temperatures 2:1.14
Tight connection 2:1.9
Personal safety 2:1.3
AGMA 2:16, 2:16.27
Alarm Systems 1:2.10
Alternating-Current Motors 2:7.1
Fractional HP motors 2:7.7
Bearings 2:7.8
Motor mounting 2:7.9
Motor replacement 2:7.17
Nameplate information 2:7.11
Small motor trouble shooting chart 2:7.13



Alternating-Current Motors (Continued)

Medium and large a-¢c motors 2:7.17
Installation 2:7.20
Maintenance 2:7.34
Medium and large motor trouble shooting chart 2:7.42 !
Safety precautions 2:7.17
Standard for motor insulation 2:7.41 |
Start up procedure 2:7.33 e
Storage 2:7.18
“Trouble shooting causes of vibration 2:7.31
Useful definitions 2:7.1 |
Enclosures 2:7.5 '
Mounting 2:7.6
NEMA designs 2:7.4
Rotation 2:7.6 :
Service factor 2:7.1 |
Voltage and frequency 2:7.2 '
ANSI (American National Standards Institute) 1:1.1, 1:4.24, 1:4.26
Application Requirements 1:1.15
Arching Fault 1:4.22
Arc Interruptors, Maintenance of 2:1.12
Arresters, Surge Lightning 3:8.1
Armature 2:10.3, 2:10.5, 2:10.20

B
Baking of Rotating Electrical Equipment 1:6.6
Balancing of Rotating Equipment 2:11.12
Banked-Secondary Radial System 1:4.6
Bearings 1:9.1, 2:10.24
Abrasive wear 1:9.22
Angular contact 1:9.34
Ball 1:9.4
Brackets 1:9.51
Cleaning 1:9.14
Construction of 1:9.1, 1:9.44
Damage; Brinelling 1:9.17
Failure 1:9.13
Early 1:9.13
Recurring 1:9.13
Improper size 1:9.34
Inadequate lubrication 1:9.21
Indenting 1:9.22
Inspectiqn_.1:9.15, 1:9.48



Instrumentation temperature 1:9.41, 1:9.45
Dial-type thermometer 1:9.41
Temperature relays 1:9.41
Thermocouples 1:9.41

Lubrication 1:9.31, 1:9.37, 1:9.38

Misalignment 1:9.19

Qil rings 1:9.45, 1:9.50

Pedestals 1:9.37, 1:9.38, 1:9.40

Proprietary 1:9.44, 1:9.45, 1:9.48, 1:9.50, 1:9.51

. Relay 2:20.6

Removal and reinstallation 1:9.26, 1:9.27

Scoring 1:9.18

Seals, NEMA II weather protected motors 1:9.41

Shaft & housing shoulders 1:9.33

Storage 1:9.12

Taconite type 1:9.42

Thrust bearings 1:9.10, 1:9.34

Vibration Brinelling 1:9.21

Voltage potentials 1:9.40

Belts 2:10.26

Belt Drive 2:16.28

Bolted Fault 1:4.22

Bonding Supplemental Equipment 1:8.6
Brakes, Electric 2:15.1 thru 2:15.11 _

Alternating-current magnetic shoe brakes 2:15.5

Braking capacity 2:15.1

Direct-current magnetic brakes 2:15.2

Time rating 2:15.2

Torque rating 2:15.1

Maintenance 2:15.5

Troubleshooting 2:15.5

Bridge 2:13.3, 2:13.6
Brushes 2:10.11, 2:10.18, 2:14.10
Busways 1:7.11

C

Cables 1:7.1
Checks, power and distribution 1:7.17
Low voltage 1:7.8 ‘
Primary distribution 1:7.1
Splices 1:7.4
Terminations 1:7.4
Tests, recommended 1:7.20



Capacitance 2:12.9
Capacitors 2:12.1
Application 2:12.4
Design 2:12.2
Function of 2:12.1
Inspecting 2:12.8
Installation of 2:12.8
Maintenance 2:12.11
Rating 2:12.4
Testing of 2:12.8
Tésts 2:12.9
CEMF (Counter Electromotive Force) 2:9.17, 2:9.25
Cardiac Resuscitation 1:5.6
Carrier Claims 1:2.1
Checklists Inspection 1:3.11
Check-Out Procedures 1:2.7, 1:2.8
Chemical Tests 1:10.22
CEMF (Counter Electromotive Force) 2:13.3
Circuit Breakers, Molded Case Type 2:4.1
Accessories, modifications, mounting 2:4.14
Alarm switches 2:4.19
Auxiliary switches 2:4.18
Fuse mounting base 2:4.26
Ground current limiter 2:4.26
Handle locks 2:4.23
Mechanical interlocks 2:4.21
Motor operators 2:4.19
Mounting devices 2:4.23
Panelboard connecting scraps 2:4.23
Plug-in adaptor kits 2:4.25
Rear terminal studs 2:4.25
Shunt trip 2:4.14
Terminal shields 2:4.23
Undervoltage release devices 2:4.17
Circuit breaker components 2:4.1
Arc extinguishers 2:4.3
Molded case 2:4.1
Operating mechanism 2:4.3
Terminal connectors 2:4.5
Trip elements 2:4.3
Essential field maintenance 2:4.27
Field service 2:4.27
Field maintenance 2:4.28
Special breakers 2:4.6
Breakers with parallel poles 2:4.3
Current limiter attachments 2:4.12



Dual voltage breakers 2:4.8
Field service breakers 2:4.10
Ground fault breakers 2:4.12
High interrupt capacity breakers 2:4.8
Integral current limiting breakers 2:4.12
Magnetic-only breakers 2:4.6
Mining service breakers 2:4.9
Motor circuit protectors 2:4.12
Non-automatic breakers 2:4.8
1000 volt breakers 2:4.10 _
Special breakers for SCR power supplier 2:4.10
Switching neutral breakers 2:14.10
System power breakers 2:4.6
Visible control breakers 2:4.11
Troubleshooting guide for molded case breakers 2:4.29
Verifying performance of molded case breakers 2:4.32
Part 1 general 2:4.32
Part 2 circuit breaker tripping characteristics 2:4.35
Part 3 verification test procedure 2:4.38
Part 4 verification of manufacturer’s published data 2:4.45
Circuits and Conductors 4:1.15
Cleaning with
Compressed air 1:10.4
Methods 1:10.3
Steam 1:10.2
Water 1:10.2
Vacuum 1:10.4
Cleanliness 1:3.13
Commutation 2:10.9, 2:10.12, 2:10.13
Commutators
Care 2:10.22
Protection 1:2.6
Common Abbreviations and Technical Terminology 4:4.1
Commutator Care and Maintenance 2:14.1
Bar marking 2:14.37
Brushes and brush holders 2:14.10
Brush application 2:14.31
Brush and brush holder tolerances 2:14.12
Brush wear 2:14.30
Brush composition and application 2:14.30
Care of brushes 2:14.12
Commutation, factors affecting 2:14.14
Effect of setting brushes off neutral 2:14.20
Pressures 2:14.10
Pressure springs 2:14.11
‘Seating brushes 2:14.13



| Commutator Care and Maintenance (Continued)

Concentricity 2:14.2
Care of commutators 2:14.2
Roughness 2:14.3
Copper picking 2:14.41
Etching of commutator bars 2:14.36
Evaluation of successful commutation 2:14.1
Films 2:14.38 _
Grinding commutators 2:14.4
Beveling commutator bars 2:14.8
Grinding stones 2:14.6
Handstoning high speed commutators 2:14.6
Mica undercutting 2:14.9
Polishing 2:14.9
Precautions 2:14.10
Visual commutator classifications 2:14.39
Compound Generators 2:9.5
Connection and Terminal Markings 4:2.1
A-C machines 4:2.14
D-C machines 4:2.10
Direct-current motors 4:2.11
Generators-general 4:2.12
Double-voltage motors 4:2.1
| Three-phase delta connection 4:2.2
Three-phase star connection 4:2.1
| Two-speed, consequent-pole motors 4:2.5
Contactors 2:2.1
Arc quenching 2:2.8 :
Closing and operating currents 2:2.7
Contact materials and replacement requirements 2:2.4
Contact pressure 2:2.2
General maintenance requirements 2:2.6
Maintenance considerations 2:2.12
Older designs 2:2.8
Open-circuited coils 2:2.7
Operating voltages 2:2.6
Routine contactor inspection 2:2.15
Short-circuited coils 2:2.7
Welding of contacts 2:2.2
- Contact Troubleshooting 2:2.39
Control Components 2:2.19
Hand operated rheostats and potentxometers 2:2.28
Manual starters 2:2.19
Starting and speed regulating rheostats 2:2.20
Controllers 2:2.29




Converter
Three-phase semiconductor 2:13.7
Current Grounding Practice 1:8.1

D

Dashpots, Maintenance of 2:1.14

D-C Machines and Regulated Drives 2:10.1 ] _

Armature reaction 2:10.4
Bearings 2:10.24
Belts 2:10.26
Brushes, shifting of 2:10.18
Commutating pole flux 2:10.7
Commutating factors 2:10.9
Adjustable speed motors, overcompensation of 2:10.10
Commutation during transient conditions 2:10.13
Commutating pole shunting, effect of 2:10.10
Commutating poles, overcompensation of 2:10.10
Double brushes, effect of 2:10.11
Eddy current in solid frame 2:10.8
General performance 2:10.1
Generator performance 2:10.16
Main flux 2:10.3
Maintenance, direct-current motor and generator 2:10.20
Armature 2:10.20
Cleanliness 2:10.20
Commutator 2:10.22
Field coil heating 2:10.23
Field coils, replacing 2:10.24
Field windings 2:10.22
Insulation 2:10.20
Windings, preserving of 2:10.21
Overload characteristics 2:10.14
Short circuit characteristics 2:10.14 ,
Renewal parts 2:10.27 1
D-C Relays and Timing Relays 2:2.29
Anti-plugging, control, overload, and jamming relays 2:2.35
Operating coils 2:2.37
Plugging relays — double winding coil time delay relays 2:2.33
Relay operation 2:2.32
Single winding time delay and synchronous relays 2:2.35
Troubleshooting and maintenance 2:2.38
Dielectric Tests 1:10.18, 1:10. 22 2:12.9
Density Factor 1:1.4



D-C Motors 2:9.17, 2:10.1
Dipping of Rotating Electrical Equipment 1:6.6
Drive Systems
Adjustable speed 2:13.1 ,
Regulated systems 2:13.1 , i
Drying Insulation 1:10.6
Drying Methods 1:10.7
Emergency methods 1:10.10
External-heat 1:10.7 -
By heating in ¢il 1:10.16

Infra-red lamps 1:10.9
Importance of 1.3.13
Internal heat 1:10.11
Oven 1:10.7
Steam heat 1:10.9
Testing precautions 1:10.17
Transformers 1:10.14
Under vacuum 1:10.16
Dry-Type Distribution Transformers 2:17.1 -
Application 2:17.1
Manufacturing standards 2:17.1
Sound levels 2:17.1
Transformer nomenclature 2:17.4
Drying of transformer core and coil assemblies 2:17.36
-Inspection and maintenance 2:17.34
Receiving, handling, installation 2:17.11
Special applications 2:17.38
Testing 2:17.33
Transformer connections 2:17.14
- Autotransformer connections 2:17.17
Standard single-phase connections 2:17.14
Three-phase connections 2:17.23
Duty Cycle 2:13.12

E '

Eddy Current 2:10.8
Electrical Brakes 2:15.1
~ Electrical Equipment Tightness, Importance of 1:3.14
Electrical Instruments 2:19.1 _
Alternating-current measurements 2:19.43
Alternating-current wattmeters 2:19.56
Care of instruments 2:19.35
Common factors relating to selection’and performance of electrical
instruments 2:19.26

.-"‘/’



Direct-current instruments 2:19.37
Frequency meters 2:19.71
Influences in operation 2:19.33
Instrument auxiliaries 2:19.17
Instrument mechanisms 2:19.5
Instrument transformers 2:19.20
Portable instruments 2:19.85
Power factor meters 2:19.66
Recording instruments 2:19.92 :
_ Special purpose alternating-current voltmeters 2:19.53
Special purpose instruments 2:19.75
Synchroscopes 2:19.72
Terms and conditions 2:19.4
Types of instruments 2:19.1
Varmeters 2:19.63
Electrical System, Surveying of 1:7.13
Electric Motor Data 4:1.7
Electric Shock 1:5.5
End Float 2:16.22
Equipment
Application requirements of 1:3.15
Cleaning of 1:3.13
Dryness, importance of 1:3.13
Observation of 1:2.12
Records 1:3.11
EPA (Environmental Protection Agency) 1:1.1
Equivalents 4:1.4 '

F

Fault 1:4.22
Arching 1:4.22
Bolted 1:4.22
Fault current calculations 1:4.24
Felt Washers for Bearings 1:9.9
Field Service, Electrical Manufacturer’s 1:3.5
Fleming’s Rules, Left Hand and Right Hand 2:10.1
Flood Damage 1:10.1
Flux 2:10.3, 2:10.7, 2:10.14
F.O.B. (Free On Board) Point of Shipment Freight Prepaid -
Destination 1:2.1 ‘ ,
Formulas (See Tables and Formulas)
Friction, Prevention of 1:3.14
Fuse Cutouts 3:8.6
Fuses, Power 3:8.11



G

Gas Analysis Table 1:6.23
Gate 2:13.1, 2:13.2
Gears 2:16.1
Gear Motors 2:16.2
Gear Ratios 2:16.10
Generator 2:9.1
Direct current 2:9.1
Regulation 2:10.16
‘Gerieration, Make or Buy 1:1.2
Gearing 2:16.1
Backlash and end float 2:16.21
Construction of gear units 2:16.2
Gear ratios 2:16.10
General maintenance hints 2:16.26
Lubrication 2:16.13
Lubrication systems 2:16.18
Oil leakage 2:16.23
Over temperature 2:16.16
Maintenance 2:16.11
Record keeping 2:16.29
Types of gears 2:16.8
Glass Filament 1:6.2
Graphic Symbols for Electrical Diagrams 4:5.1
Acoustic Devices 4:5.72
Analog and digital logic functions 4:5.103
Circuit protectors 4:5.64
Composite assemblies 4:5.97
Contacts, switches, contactors, and relays 4:5.20
Fundamental items 4:5.7
Lamps and visual-signaling devices 4:5.74
Mathematical symbols 4:5.106
Mechanical functions 4:5.95
Qualifying symbols 4:5.1
Readout devices 4:5.76
Rotating machinery 4:5.78
Terminals and connectors 4:5.45
Transformers, inductors, and windings 4:5.52
Transmission path-conductor, cable, wiring 4:5.13
Greasable Bearings 1:9.5
Ground Detectors 1:5.2
Ground Fault Protection 1:4.31
Grounding 1:4.28
Functions 1:8.2
System requirements 1:8.8, 1:8.28
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Systems and equipment 1:8.1
Grounds, Check for 2:1.16

H

Hazard Symbols 1:5.4
Heat Sink 2:13.17, 2:13.26, 2:13.27, 2:13.31

IEEE (Institute of Electrical and Electronic Engineers) 1:8.1
Induced Voltage Tests 1:10.21
Indicators 1:2.10
Inductance 2:13.2
Inspections, Importance of Scheduling 1:3.2
Inspection Check Lists 1:3.11
Inspection Check Lists — Typical
Air circuit breakers 4:3.5
Dry-type transformers 4:3.7
Fuse cutouts 4:3.13
Integral HP A-C motors 4:3.9
Liquid immersed distribution transformers 4:3.7
Liquid immersed power transformers 4:3.8
Molded case circuit breakers 4:3.13
Panelboards 4:3.11
Protective relays 4:3.14
Switchboards 4:3.12
Switchgear 4:3.5
Inspecting Shipments 1:2.1
Inspection Records 1:3.11
~ Inspections, Scheduled 1:3.2.
Insulating Liquids 1:6.8 F
Insulating Oil ¥
(Classification of service-aged) 1:6.11
Addition of inhibiter 1:6.21
Gas analysis of 1:6.21
Reclaiming processes 1:6.20
Reconditioning and reclaiming of 1:6.18
Testing of 1:6.9, 1:6.12
Vacuum filling requirements table 1:6.30



Insulation
Adhesive coated tapes 1:6.5
Basic material characteristics 1:6.2
Dipping and baking 1:6.6
Glass filament 1:6.2
Laminated plastics 1:6.4
Materials 1:6.1
Mica 1:6.3
Need for testing 1:7.21
_Synthetic resins 1:6.4  _
Synthetic textiles and films 1:6. 2
Systems 1:6.1
Systems, classification of 1:6.7
Tests 1:10.21
Varnishes and solventless resins 1:6.4
Instrument Transformers 2:18.1
Insulation test and maintenance 2:18.1
Insulation power factor 2:18.1
Insulation resistance 2:18.1
Oil filled instrument transformers 2:18.4
Electrical tests before energizing 2:18.8
Handling liquid filled instrument transformers 2:18.5
Installation, solid insulation and liquid filled types 2:18.6
Maintenance 2:18.10
Receiving liquid filled instrument transformers 2: 18.4
Storage of liquid filled instrument transformers 2:18.5
Vacuum filling liquid filled transformers 2:18.9
Interruptions, power 1:3.16
Irritants 1:5.17

J

JEDEC (Joint Electronic Engineering Council) 2:13.28
Jewels 2:20.6

K-
Kingsbury Thrust Bearings 1:9.10.

—
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L

Ladders, Portable 1:5.9
Laminated Plastics 1:6.4
Large Rotating Apparatus 2:8.1

Lights 1:2.10
Load Density 1:1.5
Loop-Primary Radial System 1:4.5

Magnetizing Current 2:12.1
Magnetic Sticking 2:1.17
Maintenance

A-C motors, integral HP 4:3.9

Air circuit breakers 4:3.5

Check lists, typical 4:3.5

Daily schedules 1:3.11

Department 1:1.7

Department records, scope of 4:3.1
Determining requirements 1:3.9

Dry-type transformers 4:3.7

Fuse cutouts 4:3.13

Inspection records 1:3.12

Liquid immersed distribution transformers 4:3.7
Liquid immersed power transformers 4:3.8
Molded case circuit breakers 4:3.13
Organization 1:1.9

Panelboards 4:3.11

"Personnel 1:3.9

Plant records 1:1.6

Preventive 1:1.1, 1:3.10
Protective relays 4:3.14

Quality 1:1.13 :
Records and inspections 4:3.1
Repair records 1:3,12

Positive attitude 1:1.10
Responsibility gaps 1:1.14
Scheduling 1:1.9, 1:3.11, 2:5.29
Shutdowns 1:1.12

Specialized 1:1.13

Switchboards 4:3.12

Switchgear 4:3.5

Tests 1:3.15

Testing procedures 1:3.15

Test reports, samples 4:3.15 thru 4:3.22
Thermographic inspection 4:3.2



Make or Buy Decision 1:1.2
Markings 4:2.1
Connection 4:2.1
Terminal 4:2.1
Manholes and Confined Spaces 1:5.9
Metal-Clad Switchgear 3:2.1
ANSI definition of 3:2.1
Indoor 3:2.5
Outdoor 3:2.8
Metering on Feeder Lines 1:1.6
Mica 1:6.3
Molded Case Circuit Breakers 2:4.1
Motor Control Centers 2:6.1
Construction 2:6.6
Installation 2:6.10
Maintenance 2:6.27
Inquiries 3:6.29
Receiving and handling 3:6.28
. Service recommendations 3:6.27
Unit removal and replacement 3:6.28
Motor and control connections 2:6.18
NEMA standards 2:6.1
Unit components 2:6.20
Heater selection 2:6.23
Overload heater application 2:6.22
Overload relays 2:6.21
Motor Data 4:1.7
Motor Rooms 1:1.5
Motors
In parallel 2:9.18
In series 2:9.17
Motors and generators safe practice 1:5.15
Three-phase 1:1.4
Mouth-to-Mouth Breathing 1:5.6

NEC (Natidnal Electric Code) 1:1.1, 1:1.5, 1:4.27, 1:4.28, 1:14.31,
1:4.35, 1:4.36, 1:5.2, 2:5.3, 2:5.6, 2:5.7, 2:5.8, 2:5.9, 2:5.13,
2:5.21 .

NEMA (National Electrical Manufacturer’s Association) 1:1.1, 2:5.2,
2:5.13

Network Systems for Buildings
Primary-selective 1:4.18
Simple network 1:4.13



New Equipment
Test and start-up 1:3.7
Noisy A-C Contactors 2:1.16

o)

Observation Period After Start-up 1:2.12
. Ohm’s Law 1:4.22 | -
Oil Testing 1:10.18
Operator Controlled Switches and Pushbuttons 2:3.1
- OSHA (Occupational Health and Safety Administration) 1:1.1, 1:5.2,
2:5.2
Overcurrent Protection 1:4.25, 2:5.1
Outdoor Condenser Bushings 3:5. 1
Capacitance and power factor measurement 3:5.23
Factory repair 3:5.17
Field repair 3:5.17
Installation 3:5.6
Maintenance and repair 3:5.27
Oil replacement 3:5.28
Power factor tests 3:5.8
Over-Potential Tests 1:10.20
Overcompensation 2:10.12
Overvoltage 1:3.16

P

Panelboards 2:5.1
Care and maintenance 2:5.10
General construction 2:5.2
Installation of conduit and wires 2:5.7

Installation procedures 2:5.6 2
Interior installation 2:5.7 t
Permissible loading of 2:5.13

Types of 2:5.1

Parallel Operation of Direct-Current Generators and Direct-Current
Motors 2:9.1
Compound generators 2:9.5
Parallel operation, basic requirements for 2:9. 1
Paralleling
Adjacent machines 2:9.2
Compound generators 2:9.8
- Remote generators 2:9.9



Parallel Operations of D-C Generators and D-C Motors (Continued)

. Series and parallel operation of d-c motors 2:9.17
Shunt generators 2:9.3
Summary 2:9.16
Voltage regulators, using to obtain paralleling voltage load
characteristics 2:9.14
Performance Data, value of 1:3.8
Testing 1:2.8
Power. _
Definition 2:12.2
Factor in utility rate structure 1:1.5
Importance of uninterruption 1:3.1
Prelubricated Bearings 1:9.5
Primary-Selective Network System 1:4.18
Primary-Selective Radial System 1:4.8
Protection
Electrical equipment 1:1.10
Devices 1:5.8
Circuit equipment 1:8.1
Protection Devices 3:8.1
Protective Relays 2:20.1
Apparatus covered 2:20.1
Bench test equipment 2:20.2
Checks and calibrations; typical 2:20.10
Design preference 2:20.1
Inspection and test preliminaries 2:20.3
Final inspection 2:20.12
High current relays 2:20.7
Inspection procedure 2:20.3
Operational checks 2:20.12
Safety recommendations 2:20.9 _ i
Test preliminaries 2:20.8 '
Servicing tools 2:20.2
Pushbutton Connection Diagrams 2:3.3
Pushbuttons and Operator Controlled Switches 2:3.1 2

Q | ':_
Quiet Wiring 2:13.9



R

Radial Systems for Buildings
Banked secondary 1:4.6
Loop-primary 1:4.5
Primary-selective 1:4.8
Secondary-selective 1:4.9
Stmple radial 1:4.1
Realignment of Rotating Equipment 2:11.17
Receiving and Inspecting Shipments 1:2.1
Records of Equipment 1:3.11
Records of Inspection 1:3.11
Rectifier Silicon Controlled 2:13.2, 2:13.23, 2:13.24
Regulated Thyristor Drive Systems 2:13.1
Basic theory 2:13.1
Cleanliness importance of 2:13.17
Converter circuits 2:13.3
Single phase converters 2:13.3
Three phase semiconverters 2:13.3
Converters, three phase 2:13.7
Identification 2:13.28
Operating power semiconductor equipment 2:13.11
Overloading, avoidance of 2:13.12
Preventive maintenance 2:13.11
Protecting from excessive heat 2:13.11
Replacement 2:13.29
Replacement procedures 2:13.31
Shielding 2:13.10
Trouble shooting and servicing 2:13.20
Breakdowns and malfunctions 2:13.22
Electrical check list 2:13.27
Failure, of power semiconductor, common causes 2:13.26
Mechanical check list 2:13.26
Rectifier/SCR testing 2:13.23
Safety 2:13.20
SCR/Rectifier blocking voltage test circuit 2:13.24
Transistor testing 2:13.24 t
Quiet wiring 2:13.9
Regulation Generator 2:9.4
Motor 2:9.22
Drives 2:10.1
Relays, Protective 2:20.1
Renewal Parts
Availability 1:3.16
Ordering 2:5.31
Repair Record 1:3.11



Resins, Solventless 1:6.4
Roller Bearings 1:9.4
Rotating Apparatus, Large 2:8.1
Brushless synchronous machines 2:8.18
Dis-assembly procedures 2:8.62
Engine type rotors on shafts, assembly of 2:8.13
Erection procedures 2:8.7
Exciters for direct-current machines 2:8.15
Exciters for synchronous machines 2:8.16
Foundations 2:8.5 -
Insulation maintenance 2:8.26
Maintenance records 2:8.64
Maintenance, routine 2:8.63
Pre-erection procedures 2:8.3
Receiving and storage 2:8.1
Visual inspection 2:8.58
Rotating Equipment 2:11.1
Alignment correcting 2:11.26
Balancing techniques 2:11.12
Electromotive forces 2:11.5
Mechanical factors 2:11.5
Noise factors 2:11.30
Realignment 2:11.17
Shim calculations 2:11.28
Sources of vibration 2:11.3
Vibration 2:11.1
Vibration analysis checks 2:11.6

S

Safety Clothing 1:5.8
Safety Devices 1:2.11
Safety 1:5.1
Clothing 1:5.8
Ground detectors usage 1:5.2
Equipment 1:5.3
Precautions 1:5.2
Systems at 120V and below 1:1.5
Test and maintenance equipment 1:5.1
Saturation 2:10.3
Scaffolds Temporary 1:3.11
Secondary-Selective Radial System 1:4.9
Secondary Voltages 1:4.35
- SCR (Silicon Controlled Rectifier) 2:13.2



Semiconductor 2:13.2
Semiconverter 2:13.3, 2:13.5
Series Field Strength 2:9.7
Shielding 2:13.10
Short Circuit Currents 1:4.22
Shunt Generators 2:9.3
Shunts, Maintenance of 2;1.14
Signaling Devices 1:2.10
Silicone Varnish 1:10.6
Silicon Controlled Rectifier (SCR) 2:13.2
Simple Network System 1:4.13
Simple Radial System 1:4.1
Sleeve Bearings 1:9.6
Solvents, Cleaning 1:10.1, 1:10.5
Speed Reducers 2:16.5
Starters and Contactors 2:1.1
Start-Up New Equipment 1:3.7
Storage, Temporary 1:2.2
Substation, Make or Buy 1:1.2
Subtransient Reactance 1:4.23
Surge Comparison Tests 1:20.22
Surge (Lightning) Arresters 3:8.1
Switchboards 2:5.1, 2:5.13
Construction of 2:5.18
Inspection and maintenance of 2:5.29
Installation practices 2:5.23
Low voltage distribution switchboards 2:5.13
Switchboard standards 2:5.13
Types of construction 2:5.14
Switchgear Air Circuit Breakers 3:3.1
Low voltage 3:3.1
Medium voltage 3:3.18
Switchgear 3:1.1
ANSI definitions 3:1.1
Indoor metal-clad low-voltage 3:1.4
Outdoor metal-enclosed 3:1.12
Synchronous Reactance 1:4.23
Synthetic Resins 1:6.4
Synthetic Textiles and Films 1:6.2
Systems
Analysis 1:4.21
Design 1:1.1, 1:4.1 _
Economic Factors 1:4.37
Load Determination Factors 1:1.4
Planning 1:1.2



Systems (Continued)

T

Safety 1:1.5
Types of 1:4.1
Voltage 1:1.3

TaBles and Formulés 4:1.1

Circuits and conductors 4:1.15

Aluminum wire — property limits — conductivity 4:1.20

Aluminum wire — property limits — resistivity at 20°C 4:1.20

Allowable ampacities of insulated conductors rated 0-2000 volts
60° to 90°C 4:1.15

Conductors, properties of 4:1.21

Conductor sizes and overcurrent protection 4:1.17

Dimensions, weight, and resistance of pure copper 4:1.19

Maximum number of conductors in trade sizes of conduit or
tubing 4:1.16

Short circuit protection for trailing mine cables 4:1.18

Electric motor data 4:1.7

Full load current three phase A-C motors 4:1.11 .

Maximum permissible capacitor kKVAR for use with open,
3-phase, 60 hz induction motors 4:1.13

Maximum rating or setting of motor branch-circuit short circuit
and ground fault protective devices 4:1.12

Motor frame dimensions and weights 4:1.8
Motor estimating weights 4:1.10
Motor shaft key dimensions 4:1.9

Motor terminal amperes at full load average values for all speeds
and frequencies 4:1.7 |

Power-factor correction 4:1.14

Equivalents 4:1.4
Full load line amperes for 3-phase transformers or loads 4:1. 22,
Units of measure 4:1.1 '

Conversion equations 4:1.2
Conversion formulas 4:1.3
Metric system prefixes 4:1.1
Multiplication factors 4:1.1
Temperature conversions 4:1.3

Voltage regulation — quick estimating data 4:1.22

Tapes, Adhesive Coated 1:6.5
Technical Terminology 4:4.1 thru 4:4.11
Terminal Markings, See Connection and Terminal Markings 4:2.1



Tests, Basic 1:2.7
Temperature Checks 1:2.9
Testing
Equipment 1:5.1
Maintenance 1:3.15
Tests
Performance 1:2.8
Start-up 1:3.7

“Thermographic Inspection 4:3.2

Thrust Bearings 1:9.6 L

Thyristor Drive Systems 2:13.1
Tools
Hand 1:5.10
Portable electric 1:5.10
Transient Reactance 1:4.23
Transformers, Distribution 3:7.1
Accessory devices 3:7.49
Application restrictions 3:7.8
Basic function and construction 3:7.12
Connections 3:7.22
Operating limits 3:7.59
Maintenance 3:7.62
OSHA compliance 3:7.1
Pole type 3:7.10
Safety precautions 3:7.60
Selection and application 3:7.17
Service requirements 3:7.9
Underground and pad-mounted 3:7.11

_._Transformers, Dry-Type Distribution 2:17.1 thru 2:17.38

Transformers Dry-Type Power Center 3:6.1
Installation, operation, inspection, and maintenance 3:6.8
Most frequent field troubles 3:6.25
Pad-mounted dry-type 3:6.25
Sealed dry-type 3:6.24
Selection, application, inspection 3:6.2
Transformers, Instrument 2:18.1 thru 2:18.12 1
Transformers, Liquid Immersed Power 3:4.1 ¢
Accessories 3:4.33
Bushing power and capacitance tests 3:4.22
Condensation 3:4.20
Exterior inspection 3:4.19
Field dry-out 3:4.23
Insulation resistance measurement 3:4.20
Job site transportation 3:4.11
Location of 3:4.5
Moisture 3:4.22



Transformers, Liquid Immersed Power (Continued)

Oil heater 3:4.23
Planned maintenance 3:4.22
Repairing tank leaks 3:4.28
Solid insulation 3:4.27
Taking out of service 3:4.18
Testing before energizing 3:4.11
Working inside the tank 3:4.18
Transistor (See also Thyristor, Semiconductor) 2:13.24, 2:13.23

u

Undervoltage 1:3.16

Understanding Electrical Equipment 1:3.7
Underwriter’s Laboratories 2:5.2
Uninterrupted Power — Importance 1:3.1
Units of Measure 4:1.1

vV

Varnishes 1:6.4
Vibration of Rotating Equipment 2:11.1
Analysis checks 2:11.6
Mechanical factors 2:11.5
Noise factors 2:11.30
Sources of 2:11.3
Voltage Regulation, Quick Estimating Data 4:1,22
Voltages, Secondary 1:4.35
Vulnerability of Electrical Apparatus 1:2.3

w

Warranty Manufacturer’s 1:2.12
Waveforms 2:13.3, 2:13.6, 2:13.7, 2:13.8, 2:13.9
Welding and Cutting
Safety procedures 1:5.12
Wheatstone Bridge 4:2.2
Windings 1:10.1, 1:10.6, 1:10.9, 1:10.16, 2:10.21, 2:10.22
Wire, Low Voltage 1:7.8
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