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failure of, 59
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pedestal-type, 60
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Belts
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inter-pole, 114
solid, 62

Body-mounted design, 102
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Bolts

compression, 48
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expansion-bearing, 53, 93, 95
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Brush-collector performance, condi-
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Brush-rig, 119-20, 123
Brush-rings, 123, 128-29
Brush-spring pressure, 123
Brushes, 128-29

shaft-voltage discharge, 123
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of the laminations, 90-93

Bull-ring segments, 119
Bushings

high-voltage, 49
lead, 49

Bushing vents, 51-52
Bushing well, 93
Bushing well insulators, 93
Busses

circumferential,76

e
Camera, 18
Carbonate byproducts, 58
Carbon dust, 41
C-core test, 143
Centering rings, visual appearance

of, 103
Chemical cleaning methods, 61
Circumferential bus insulation,

76-78
Circumferential pole slots, 124-25
Cleanliness

ofbore, 41-42
coil,60-61
of excitation items, 127-28
heatexchange, 56-57
rotor, 97-98

Clogged vents, 42-43
Cloth booties, 15
Coil knuckles, 10
Coils

asphalt-based,70-71
asphaltic, 81
bare, 6
cleanliness, 60-61
single-bar, 76
ties between, 63-64

Collector insulation, 122-23
Collector rings, 119-22
Commutator brushes, 16
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Cornmutators, 128-29
Compression belts, 58
Compression bolts, 48
Compression plates, 47, 52
Condensation

elimination of, 5-6
water, 55

Condenser
lagging, 157
leading, 157

Condition-based maintenance
(CBM), 13

Conduction current, 146
. Constant-pressure springs, 123

Contact film (patina), 121
Containment area, 6
Contamination, oil, 61
Copal resin binders (See Binder)
Copper braids, 59
Copper dust, 97, 113-14
Copper graphite brushes, 59
Core bolts, greasinglred oxide de-

posits on, 52-56
Core-compression bolts, 47, 52

faHures of, 45
insulation, 43
insulation test, 148-49
retightening of, 12

Core-compression fingers, 45
Cores

back of the, 43
loose, 45, 47
pressure-Ioaded, 43, 45
stator, 155

Corona activity, 78
definition of, 78
types of, 78-83

Corona-originated powders, 79
Corona tests, 147
Corrosive liquids, 6
Cracking

fatigue, 51
girth,72-74
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stress-corrosion, 57, 58
stress-fatigue, 56
tooth-top, 103

Current transformer (CT), 92-93
Cylindrical rotor, 155

D

Damperwinding, 117-18, 156
DC exciter, 37
DC field winding, 128
DC generator armature, 130
DC generator stator, 129-30
Dielectric absorption, 83, 146-47
Dielectric losses, 70
Dielectric test, 141
Diode connections and support hard-

ware, 128
Discharge brush (See Grounding

brushes)
Discharge resistors, 10
Dissyrnmetry effects, 59
Dovetail blocking, field-pole keys in,

114
Dry windings, 6
Duct spacer assemblies, migration

of,91-92

E

El-CID test, 148
Eddy-current heating, 6
Eddy-current tests, 57
18-5 rings, 57-58
Electrical clearance, 9-12
Electrical clearance walk, 12
Electric-field concentration, 6
Electric Power Research Institute

(EPRI), 98, 102, 106
Electric tests. See Tests
Electric tracking, 65
Electromotive force (emf), 157
Electrostatic effects, 59
Electrostatic probe test, 83
EL/EM-5117-SR, publication, 102
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Embedded stator slot coupler, 83
End-bells (See Retaining rings)
End-wedges, 108-10
End-windings,111-14

corona activity, 78-79
expansion-bearing bolts, 93-95
inspection of, 63, 113-14
support assembly, 93
support hardware, 67-69

Epoxy binder, 76
Equivalent circuit, 160-61
Excitation, 127-31

inspection, 33
form for, 127-31

Exciter-drive motor c1eanlinessand
stator, 130

Exciter-motor rotor, 131
Expansion-bearing bolts, 53, 93, 95

F

Fan-baffle, 56
support studs, 56

Fan blades, 105-6
Fan hubs, 98, 106
Fan-rings, visual appearance of,

103-5
Fatigue cracking, 51
Field discharge resistor, 131
Field-pole keys, in dovetail and

inter-pole blocking, 114
Field windings

strip-on-edge, 115
wire-wound pole, 115

Fillers
ripple, 85
slipping out, 87-88

Finger-plates, 48
Flaking

paint, 41
insulation, 64, 75

Flashlights, 6, 16
Floodlight, 16
Flux probe, 142
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Foreign material exc1usion,3-8
Foreign materials, 3, 93, 106
Foreign objects

metallic, 6
nonmetallic, 6

Frame, 19,41,55,65-66,70,76,149
Fretting/movement at rings'

interference-fit surfaces, 105
Fundamental voltage equation, 165

G

Galling, 75
Gas baffles, 56
Gas ducts, c1ogged,42-43
Gas monitor, 12
Generator

hybrid-cooled, 19
inspection of, 133-36

Generators, turbine, 41
Girth cracking, 72-74
Grading paint, 82
Greasing, 48, 50-51, 65

on core bolts, 52-56
Ground faults, 76

detection of, 97
Grounding brushes, 106
Grounding device, 59, 60
Ground insulation, 115

H

Harnmer,16 .

Hammer method in performing
wedge survey, 85

Hardware,47-48
Heat exchangers

c1eanlinessand leaks, 56-57
water-oil, 134

High-voltage bushings, 49
High-voltage tests, 137
Hollow wedge, 84-85
Homopolar flux effects, 59
Hot air, flow of, in eliminating con-

densation, 5-6
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Hot spots, 43, 129, 148
H2sealant, 93
Hybrid-cooled generator, 19
Hydrogen-cooled machines, 57
Hydrogen-cooled rotor, 19
Hydrogen desiccant/dryer, 57-58
Hydrogenerators, 52, 170

inspection of, 12
Hydrogen seals

inner/outer, 123-24
oil system, 135
pressure testing of, 21

Hydrogen sensors, 57
Hydrogen system, 136
Hysteresis losses, 155, 166-67

Impedance measurements, 143
Impulse test, 141
Inception voltage, 78-79,147
Infinite bus, 156
Inner/outer hydrogen seals, 123-24
Inspection forms, 19-38
Inspection frequency, 12-13
Inspection tools, 15-18

use of, on "as needed" basis, 6
Insulating paint, 73
Insulation

armor tape, 70
asphalt-based,71
balling,75
bearing, 59-60
bolt, 45
bulging into air ducts, 75
cambric, 70
circumferential bus, 76-78
collector, 122-23
condition,75-76
cracks, 61, 71-75
delamination, 70, 75
flaking, 64, 75
galling, 75
girth cracking, 72, 74
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necking, 72, 75
polyester-based insulation sys-

tems, 80
puffing, 75
resistance, 138-39
tape separation, 72
thermoplastic,71
thermosetting, 71, 75-76
tracking, 61
between turns, 115-17

Insulators
bushing-well,93
stand-off, 50-51

Integrated discharge energy measure-
ment, 83

Internal partial discharges, 79-81
Inter-pole blocking, field-pole keys

in, 114
lonization, gas or air, 78, 145
lron dust, 97
Iron oxide deposits, 43-47

J

Joint,scarf,75

K

Knuckles of coils, 65, 68

L

Lagging condenser, 157
Larnination

bent, 90
bentlbroken in bore, 88-90
bulging into air ducts, 90-93
loose, 43, 47
problems in, 47

Lauffen-Frankfurtdemonstration, 153
Lead-bushings, 49
Leading condenser, 157
Leakage current, 146
Load angle, 157
Locking key, 102-3
Lubrication system, 133-35
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M

Machine rotor, 37
Machine stator, 37
Magnetic center, movement off, 59
Magnetic particles as foreign materi-

a1s,6
Magnetic termites, 90
Magnetizing reactance, 161
Magnetostriction, 43
Magnets, 18,43
Magnifying glass, 16, 59
Maintenance, condition-based, 13
Mechanical cleaning methods, 61
Mechanica1clearance wa1k, 12
Mechanica1test, 149
Megger, 97, 138
Metallic objects, foreign, 6
Microscopes, 16
Migration

asphalt, 71
of duct spacer assemb1ies,91-92

Mirrors, 6, 16,64-65,66,88, 113
Moisture in the windings, 57
Motoring, of generator, 98, 108, 157,

167

N

Necking, 72, 75
Negative-sequence currents, 98-99,

167-69
Negative-sequence vo1tages, 167-69
Neutral transformer, 10
Niagara Falls project, 153
Nipp1es,52
Nondestructive examinations (NDE),

21,99
Nondestructive tests (NDT), 117
Non-salient-po1econstruction, 155

o
Oi1s

contamination of, 61
corrosive, 6
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inspection of used, 106
On-1ine partia1 discharge ana1ysis,

147

Open-air machines, 42-43
Open-circuit test, 144-45
Overheated wedges, 11O
Overheating, signs of, 93
Overspeed, 170
Ozone, 81
Ozone meters, 83

p

Paper booties, 6, 15
Partia1discharge (PD), 78

interna!, 79-81
measurement, 83
test for stator windings, 147

Patina, 121
Pedesta1-typebearing, 60
Periodic purity checks, 57
Personal grounds, 10
Phase 1eads, 10
Pitted journa1s, 60
Po1arizationindex (PI), 83, 139-41
Po1yester-basedinsu1ationsystems,

80
Po1yesterbinder, 76
Pony (starter) motor, 117
Positive pressure differential, 5
Positive pressure in eliminating con-

densation, 5-6
Potentia1transformers, 10
Powder deposits, 65, 86
Power ang1e, 159
Power factor, 83

test for stator windings, 144-45
tip-up, 83

Pressure tests, 57, 149
of hydrogen sea1s,21

R

Radio frequency test (RIV), 83
Rating curves, 161-64
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Reactance
magnetizing, 161
synchronous, 161

Rebabbitting, 106
Red oxide deposits on core bolts,

52-56
Resistance bridges, 138
Resistance-temperature-detector

(RTD), 38, 70
Resistors, discharge, 10
Retaining rings, 57-58, 155

basic designs for, 102
body-mounted,102

" moistureon,57
nondestructive examinations of,

21
spindle-mounted, 102
visual appearance of, 98-103

Revolving-field synchronous ma-
chine, 155

Ring ventilation holes, 100
Ripple fillers, 81

oil contamination of, 61
Rotating magnetic field synchronous

machine, 155
Rotating winding, 128
Rotar

cleanliness, 97-98
hydrogen-cooled, 19
inspection of, 30-31

form for, 97-125
Round-rotor machine, 97, 155
RTV,85, 87-88
Rubber booties, 6, 15

s
Safety procedures--electrical clear-

ances, 9-12
Salient-pole machine, 97

field poles of, 114
Salient poles, 155

condition report, 32
Scarf joint, 75

177

Semiconducting paint, 43, 81
Semiconducting tape, 70, 81
Series connections, 112
Shaft bearing currents, 59
Shaft currents, 106
Shaft-mounted auxiliary winding,

128
Shaft-mounted diodes, 128
Shaft-voltage discharge-brush, 123
Shaft voltages

control of, 59
sources of, 59

Short-circuiting rings, 119
Shorted tums in excitation field

windings, 141-43
Silver graphite, 59
Site preparation, 3

foreign material exclusion, 3-8
inspection frequency, 12-13
safety procedures--electrical

clearances, 9-12
Slip rings (See Collector rings)
Slot discharge, 78, 81-82
Slot wrapper, 75

test, 148
Solid blocking, 62
Solvents, 61

corrosive, 6
Space heaters, 10, 48, 55
Spindle-mounted design, 102
Spot-heating, 45
Spring bars, 155
Spring fillers, oil contamination of,

61
Spring-loaded fillers, 81
Springs, 128-29

constant-pressure, 123
discoloration of, 122

Spring washers, 54-55
Squirrel cage winding, 117
Stand-off insulators, 50-51
Starting bars, 117-18
Starting winding, 117
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Stationary field synchronous ma-
chine, 155

Stator, 155
description of, 41-95
inspections,27-29
water-cooled, 19

Stator high-voltage bushings, 49
Stator interlaminar insulation tests,

148
Stator water-cooling system, 135-36
Stator water outlet thermocouples, 38
Stator wedges, 84
Stator windings, 10

partial discharge test for, 147
power factor test, 144-45
tip-up test for, 145-46

Steam cleaning, 61
Stress concentration, 100
Stress-corrosion cracking, 57, 58
Stress-fatigue cracking, 56
Strip-on-edge field windings, 115
Support assembly, surge-rings,

65-66
Support-rings,64
Surface discharges, 82-83
Surge comparison test, 141
Surge-rings, 64

insulation condition, 64-65
support assembly, 65-66
supports, 48
ties to, 64

Synchronousimpedance,161
Synchronous machines, 153-70

construction, 154-56
inspection and test report for, 19,

25-38
operating constraints, 165

negative-sequence currents and
voltages, 167-69

overspeed, 170
volts per hertz (V/Hz), 165-67

operation, 156-57
generator operation, 159-60
motor operation, 159

/ndex

no-load operation, 157-59
performance characteristics: V-

curves and rating curves,
161-64

Synchronous reactance, 161

T

Tag procedures, 10
Tangential expansion forces, 100
Tape separation, 72
Tents, 5
Terminal box current

transformer, 92-93
Tests

bearing, 149
bearing insulation, 149
core-compression bolts insulation,

148-49
corona, 147
data in, 37-38
dielectric, 141
dielectric absorption, 83,

146-47
El-CID
eddy-current, 57
electrostatic probe tests, 83
embedded stator slot coupler, 83
high-voltage, 137
hi-pot, 141
impulse, 141
integrated discharge energy mea-

surement, 83
mechanical, 149
nondestructive, 99, 117
over-potential, 141
ozone meters, 83
partial discharge, 83, 147
polarization index, 83, 139-41
power factor, 83
power factor tip-up, 83
pressure, 57, 149
radio frequency, 83
shorted tums in excitation field

windings, 141-43
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slot discharge, 148
stator interlaminar insulation, 148
surge comparison, 141
tip-up, 147
tum-to-tum insulation, 141
winding resistance, 138

Thermocouple devices, 70
Thermoplastic insulation

systems, 71
thermal cycling in, 75

Thermosetting insulation systems,
71, 75-76

Ties, 62
between coils, 63-64
to surge-rings, 64

Tip-up tests, 147
for stator windings, 145-46

Tools, inspection, 6, 15-18
Top series connections, 114
Torque, 156, 159
Torque angle, 157, 158-59
Torque value, 45, 47
Transformer

neutral, 10
potential, 10, 147

Turbine generators, 41
Turbogenerators, end-windings of,

111-14
Tuming gear, 12, 125n
Tum-to-tum insulation test, 141

v
Vacuum-pressure impregnation

(VPI), 63, 80
Vacuum-pressure impregnation

(VPI) windings, 80
V-curves, 161-64
V-shaped blocking, 114
Vents, bushing, 51-52
Vibration, 45, 47, 49-50, 56-58,60,

70, 76, 90, 93, 106
Voltage regulators, 10
Volts per hertz (V/Hz), 165-67
V-shaped inter-pole blocking, 114

179

W

Walking the clearance, 9-10
Washers, bell-shaped, 54-55
Watercondensation,55
Water content of air as foreign mate-

rial, 3, 5
Water-cooled stator, 19
Water-cooled windings, 61
Water heat-exchanger leaks, 57
Water ingression, 61
Water-oil heat exchangers, 134
Water vapor, 55
Wedges, 84-86

aluminum, 110
brass, 11O
hollow, 84
10ose,43, 84, 86
overheated, 110
slipping out, 87

Wedge survey, 21, 35-36, 85
Winding resistance, 138
Windings

armature, 155
asphalt, 70
asphalt-bonded,71
bloated, 80
damping, 156
DC field, 128
dry, 6, 80
moisture in, 57
puffy, 80
rotating, 128
shaft-mounted auxiliary, 128
squirrel cage, 117
starting, 117
stator, 10
strip-on-edge, 115
VPI, 80
water-cooled,61
wire-wound pole, 115

Wire-wound pole field windings, 115

z
Zone-rings, 58


