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AC energy meters see energy meters
acceleration signals 36-7
alternators 165-75
bearing failure 166-70, 172
under leakage current 174-5
current flow through bearings 171
design features 166, 168-70
dimensional accuracy of bearings 170
lubricants 167-8, 174
magnetic flux density 165, 170, 1724
shaft voltages 170, 171

stray voltage development 165, 1734

axial forces 149-53
determination of 152
under load conditions 149, 150
measurement technique 150-2
under no-load conditions 149, 150
unbalanced magnetic pull 149
axial length 134, 136

Bakelite linings 162-3
balancing trials 158
barium ferrite 219
bearing failure
in alternators 16670, 172, 174-5
detection 2-3
and electric current 85, 100-2
leakage current 174-5
localized current 79-80
in electric power equipment 63
bearing impedance 94-6, 181
bearing inductance 181-2
bearing resistance 74
bearing turbulence and oil grade 117-20

cage and roller slip 40-55

comparison of bearings 51-2
in DDHPB 230-1
defect frequencies 41, 434
energy levels 434, 50-1
experimental procedure 41-2
negative slip 40, 49
oil film thickness 50
positive slip 40, 49
spectral analysis technique 42
capacitance 95-6, 181
centrifugal forces in DDHPB 239
charge accumulation 95-6
clearance ratios see oil grades and
clearance ratios
coefficient of friction 233
constant moment of friction 132, 133
corrugated pattern formation 90-2
current flow
through bearings 56-7, 63, 67-9, 171
through nuts and bolts 61
cycles/revolutions for crater formation
182-3, 184

damping characteristics of bearings 156
DDHPB 228-40
cage and roller slip 230-1
centrifugal forces 239
coefficient of friction 233
concept 229-30
frictional torque 231-2, 237-8
operation 229-30
performance evaluation 232-3
rotational speed 230, 231-2, 238
stress distribution 239
temperature rises 235-8
test conditions 233-5
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defect frequencies 2-3, 7-9

in cage and roller slip 41, 434
deteriorated [ubricant 177, 180, 184
dimensional accuracy of bearings 170
dye-penetration tests 159

eccentricity ratio 114, 115
elastohydrodynamic film thickness 23
electric current 84-102
bearing failure 85, 100-2
capacitance accumulation 95-6
charge accumulation 95-6
contact temperature and stresses 968
corrugated pattern formation 90-2
electro-adhesion forces 92—4
flow of current
through bearings 56-7, 63, 67-9,
171
through nuts and bolts 61
grease resistivity 86-9, 93, 98-9
impedance responses 94-6, 181
insulation 60-1, 64-5, 84
leakage effects 64, 924, 98-9, 174-5
magnetic flux development 85, 924
repeated machine starting and
stopping 99-100
shaft voltages 85
threshold voltages 94-5
see also localized electrical current
electric power equipment 5665
bearing arrangement 57
failed bearing analysis 63
flow of current
through bearings 56-7, 63, 67-9, 171
through nuts and bolts 61
grease leakage 60
grease pipe outlet 58-60, 63
grounding brushes 60
instrumentation cables 60, 63
insulation damage 60-1, 64-5
leakage current 64
lubricant analysis 58, 64
magnetic flux density 63, 65
seals 60
shaft voltages 56-7, 58, 61-2
spectrum analysis 58
vibration levels 58, 62
see also electric current
electrical pitting 184
electro-adhesion forces 92—4

energy levels 7-9, 10-11
in cage and roller slip 434, 50-1
of inductive circuit 181-2
energy loss 23
energy meters 214-27
jewel bearings 214, 215
magnetic suspension bearings 215-27
rotating system 214-15, 222
envelope detection system 5-7
excitation forces 155-6

field strength 75
flow of current
through bearings 56-7, 63, 67-9, 171
through nuts and bolts 61
flux density see magnetic flux density
four-ball tests 141, 146
friction 30-3
coefficient 233
constant moment 132, 133
frictional torque studies 222-7, 231-2,
237-8
speed-based 223
time-and-revolutions to standstill 224

grease leakage 60

grease pipe outlets 58-60, 63
grease resistivity 86-9, 93, 98-9
grounding brushes 60, 71

guide pin assembly 220, 222

high-frequency resonance technique
(HFRT) 1-19, 24
bearing malfunction detection 2-3
defect frequencies 2-3, 7-9
energy levels 7-9, 10-11
envelope detection system 5-7
performance comparisons 12-19
recording system 4
resonance detection 4--5
resonant frequencies 3
vibration signature 4, 7
homopolar flux 68, 171
hydrodynamic journal bearings 130-8

impedance responses 94—6, 181
induced voltage 734
inductance 181-2
instrumentation cables 60, 63
insulation 60-1, 64-5, 84



jewel bearings 214, 215
journal and bearing contact width 181

kurtosis values 24, 28-9, 36-7

leakage current 64, 92-4, 98-9, 174-5
life prediction of bearings 37
life prediction of oil 139-48
localized electrical current 67-80
bearing arrangement 69-70
bearing failure 79-80
bearing resistance 74
field strength 75
grounding brushes 71
induced voltage 734
magnetic flux density 75-6
potential difference 77-8, 80
residual flux density 78
shaft voltage causes 67-9
speed of rolling elements 73
theoretical model 72-5
time span of flute appearance 76, 79
see also electric current; electric
power equipment
lubricants
in alternators 167-8, 174
in electric power equipment 58, 64 .
grease leakage 60
grease pipe outlets 58-60, 63
grease resistivity 86-9, 93, 98-9
in synchronous condensers 178, 180, 184
use of deteriorated lubricant 177, 180,
184
see also oil

magnetic flux density
in alternators 165, 170, 172—4
effect on bearings 173
and electric current 85, 924
in electric power equipment 63, 65
and localized electrical current 75-6
origins 173-4
residual flux density 78
magnetic suspension bearings 215-27
construction 221-2
design 216-20
frictional torque studies 2227, 231-2,
237-8
speed-based 223
time-and-revolutions to standstill 224
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guide pin assembly 220, 222
magnei material 218-19
magnet to disc fixing 220
manufacturing requirements 220
mechanical requirements 220-1
size of magnets 226

motor starting temperature 160, 163

negative slip 40, 49

noise causes 200

pomographs 112-14, 134-5
non-bonding of bearing liners 161

oil
flow in bearings 107
four-ball tests 141, 146
life estimation 13948
oxidation 13940
stickiness of film 156
thickness of film 50
see also lubricants
oil grades and clearance ratios 106-28
bearing turbulence 117-20
eccentricity ratio 114, 115
functional nomographs 112-14
performance of bearings 114-16
and safe load-carrying capacity 125-6
and temperature 107-8, 116-17, 125
and transition speed 117-20, 120-5
viscosity coefficients 106, 107-12
viscosity integral 106, 112-14, 120-5
viscosity-temperature relationship 109
oxidation of oil 139-40

performance tests 22-39

acceleration signals 36-7

comparison of performance 12-19, 38

of DDHPB 232-3

energy loss 23

kurtosis values 24, 28-9, 36-7

life prediction of bearings 37

and oil grades 114-16

procedures 267 -

shock pulse levels 24, 28, 33-5

temperature of bearings 23, 27-8
friction effects 30-3

test rigs 25-6

vibration 24, 29, 37
velocity calculation 36

see also reliability analysis
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positive slip 40, 49
potential difference 77-8, 80
pump-rod joints=212

radius calculations 1334, 136
RBOT (rotating bomb oxidation test)
139-48
real-time analysers (RTA) 42
reciprocating pump performance 205-9
recording systems 4
reliability analysis 1-19
bearing defects 1, 2-3
experimental procedures 3
performance comparisons 12-19
see also performance tests
repeated machine starting and stopping 99—
100
repulsion-type bearings see magnetic
suspension bearings
residual flux density 78
resonance detection 45
resonant frequencies 3
revolutions for crater formation 182-3, 184
rotating system in energy meters 21415,
222
rotational speed of DDHPB 230, 231-2,
238
rotor bearings 211-12
rotor instability investigations 162-3

safe load-carrying capacity 125-6
samarium cobalt 219
seals 60
shaft bend 156
shaft voltages 85
in alternators 170, 171
in electric power equipment 567, 58,
61-2
and localized electrical current 67-9
in synchronous condensers |180-1
.shock pulse levels 24, 28, 33-5, 193-9
sleeve bearing clearance 156
spectral analysis technique 42
spectrum analysis 58
speed-based frictional torque studies 223
spherical seatings 130-8
axial length 134, 136
constant moment of friction 132, 133
design parameters 130-2
nomographs 134-5

outer diameter to inner diameter ratio
136

radius calculation 1334, 136
starting and stopping machines 99-100
stray voltage development 165, 1734
stress distribution in DDHPB 239
sump layout and construction 187-8
swivel box bearings 209-11
synchronous condensers 177-85

bearing impedance 181

bearing inductance 181-2

capacitance 181

cycles/revolutions for crater formation

182-3, 184

damage measurement 179-80

design features 178

energy of inductive circuit 181-2

experimental procedure 178-9

journal and bearing contact width 181

lubrication system 178, 180, 184

shaft voltage 180~1

temperature 23, 27-8
contact temperature and stresses 96—8
friction effects 30-3
motor starting temperature 160, 163
and oil grades and clearance ratios
107-8, 11617, 125
rises in DDHPB 235-8
viscosity-temperature relationship 109
threshold voltages 94-5
time-and-revolutions to standstill torque
studies 224
torque studies 222-7, 231-2, 237-8
speed-based 223
time-and-revolutions to standstill 224
TOST (turbine oil stability test) 13948
transition speed 117-20, 120-5
transmission system in windmills 205
turbulence and oil grade 117-20
turntable in windmills 204

unbalanced magnetic pull 149

vertical pump-motor sets 187-202
bearing design 199-200
bypass valves 191
causes of noise 200
shock pulse values 193-9
sump layout and construction 187-8



system behaviour 189-91
system layout 188-9
vibration spectra 191-3
at 1156Hz frequency 199
at 16Hz frequency 193-8

vibration 4, 7, 154-64

balancing trials 158

damping characteristics of bearings 156
diagnosis of causes 156-7

in electric power equipment 58, 62
examination of bearings 159
excitation forces 155-6

and motor staring temperature 160, 163
non-bonding of bearing liners 161

oil film stickiness 156

performance tests 24, 29, 37

rotor instability investigations 162-3
shaft bend 156

sleeve bearing clearance 156

sources of 155-6

and system design 157-8
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velocity calculation 36
in vertical pump-motor sets 191-3
at 1156Hz frequency 199
at 16Hz frequency 193-8
vibration signature 4, 7
viscosity coefficients 106, 107-12
viscosity integral 106, 112-14, 120-5
viscosity-temperature relationship 109
voltage-controlled oscillators (VCO) 42

windmills 203-13
design features 204
pump-rod joints 212
reciprocating pump performance 205-9
replacement of bearings 209-12
rotor bearings 211-12
swivel box bearings 209-11
transmission system 205
turntable 204

zinc additives 64, 92, 174





