Index

Abbott-Firestone curve, surface texture 76

Abrasion wear, bearing materials selection 93

Absolute viscosity, defined 29

Additives breakdown 545

Adhesion wear, bearing materials selection 92

Adjusted rating life, rolling element bearing selection
415-20

Air bearing materials, 103-6

Air-oil systems, semilubricated bearing 476

Aluminum, oil-film bearing materials 99-100

American Bearing Manufacturers Association
(ABMA) 400, 402, 406, 416

American Gear Manufacturers Association (AGMA),
viscosity 30

American Society for Testing and Materials (ASTM),
viscosity 29

American Society of Lubrication Engineers
(ASLE) 3

American Society of Mechanical Engineers (ASME)
3,64, 69,77

Amplitude density function, surface texture 75, 76

Amplitude parameters, surface texture 65

Angular-contact ball bearings 396, 415, 421,
462, 465

Angular misalignment, rolling element bearings 406,
429, 456

Antiwear and extreme pressure agents, lubricant
fortification 25

Asperity contact pressure, mean, real area of contact
and, contact between surfaces 81-2

Asperity plastic deformation, contact between surfaces
81-2

Asperity, single, elastic deformation of, contact
between surfaces 90

Atmospheric effects 531-2, 536

Atmospheric pressure, elastohydrodynamic
pressure-viscosity coefficients 36, 37

Average roughness (R,,), surface texture parameters
64, 65

Axial clearance, rolling element bearings 429

Axial groove, journal bearing lubricant supply 233-4

Babbitt melting 545
Babbitts, oil-film bearing materials 967
Balance ratio 510-12, 518
Balanced mechanical seals 108, 487, 5067
Balanced vs. unbalanced seals 509-10
Ball and roller bearing failure analysis 539-42
Ball bearings, types of 391-6
Ball contact, curvature and, rolling element
bearings 426
Ball-raceway contacts, surface stresses and
deformation 4304
Bearing area curve, surface texture 75-6
Bearing frequencies, vibration 447
Bearing jamming 541
Bearing materials
dry and semilubricated 101
carbon-graphite 102
plastics  101-2
rubber 102
wood 102
high-temperature  95-6
oil-film
aluminum  99-100
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Bearing materials (Continued)
babbitts  96-8
cast iron and steel 100
copper alloys 98-9
silver 100
zinc 100-1
rolling materials 109
selection factors
compatibility 93
corrosion resistance 95
embedability and conformability 93-4
friction 90-1
generally 92
strength 95
thermal properties 95-6
wear 91-3
Bearing principles
classifications 12
comparisons 14
economics 18
environmental requirements 17-18
mechanical requirements 14-16
modernization of applications 19
Bearing ratio, surface texture 76
Bearing stiffness, journal bearings 245-9
Bellows mechanism 507
Bingham solid, lubricating greases 41-2
Blade passing frequency 535
Boundary conditions
journal bearings
full-Sommerfeld 207-8
generally 207
half-Sommerfeld 211
Sommerfeld number defined 210-11
Swift-Stieber (Reynolds) 216-19
Reynolds equation 215
Boundary dimensions, rolling element bearing
selection 401-3
Boundary lubrication, principles 11-12
Brinneling 540
Brush seals 494
Buffer fluids 502-5, 509
Bushing shaft seals 488-9

Cage

considerations  444-6

noise of 450-2

speed of 4524
Cage failure 540
Cage jamming failure 540-1
Capacitance discharge 549
Capillary-compensated hydrostatic bearings  308-10
Capillary tube viscometer 129-30
Carbon-graphite, dry and semilubricated bearing

materials 102

Cartesian coordinates 116, 118, 119, 120, 122
conservation of energy, viscous flow 121
conservation of mass, viscous flow 116
conservation of momentum, viscous flow 117
squeeze-film bearings 144

Cast iron, oil-film bearing materials 100

Cavitation erosion 544, 548

Cavitation phenomena, journal bearings 215

Centralized lubricant supply systems 59

Chamfer dimensions
internal clearance 404-6
precision classifications 406

Circular step thrust bearings
flow rate requirement 304
friction torque 305
load capacity 304
optimization 306
power losses  305-6
pressure distribution and load 302—4
stiffness 302
thermal effects 306-8

Circulating oil systems
lubricant supply 54-5
rolling element bearings 477-8

Circumferential groove, journal bearing lubricant

supply 205

Clearance seals 488-95

Closed-form solutions
gas bearings 329-30
limiting cases and, Reynolds equation 327-9

Closing force 508, 512

Codes, rolling element bearing selection 166

Compatibility, bearing materials selection 93

Compensated hydrostatic bearings
capillary-compensated 308
design procedure for 312
orifice-compensated 310-11

Compressibility, density and, lubricants 43—4

Computer hard disks 105-6

Condition monitoring 531-49

Cone-and-plate viscometer 132

Conformability, bearing materials selection 93—4

Conservation laws
Reynolds equation, mass 146
viscous flow

energy 121
mass 116
momentum 117

Contact between surfaces, surface texture 75-80
see also Surface texture

Contact seals 503-6

Contacting methods, surface texture measurement

70-1
Contamination 531-2, 536, 539, 541, 542-3,
545, 547
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Conversion tables
units 551
viscosity 555
Copper alloys, oil-film bearing materials 98-9
Corrosion resistance, bearing materials
selection 95
Corrosion 531, 536, 538-9, 541, 542-3, 544, 546,
547-8
Corrosion, hydrostatic bearings 301
Corrosive contamination 543
Cost, bearing principles 12
Couette flow, viscous flow, conservation of
energy 123
Cracked rings 540
Curvature, ball contact and, rolling element bearings
426-8
Cutoff lengths, surface texture measurement 72
Cylindrical coordinates
conservation of energy, viscous flow 121
conservation of mass, viscous flow 116
conservation of momentum, viscous flow 117
squeeze-film bearings 265
Cylindrical roller bearings 397
Cylindrical viscometer 131

Debris denting 539, 541
Deep-groove single-row ball bearings 391
Deformation, surface stresses and, rolling element
bearings 7
Density, compressibility and, lubricants 43
Density wedge, Reynolds equation 149
Detergents, lubricant fortification 25
Diametral (radial) internal clearance, rolling element
bearings 404-6
Diffuser stall 535
Disk-oiled bearings, partially starved oil-film bearings
373-4
Dispersants, lubricant fortification 25
Double seal 507, 509
Drop-feed oiling, semilubricated bearings 380
Dry and semilubricated bearings
materials
carbon-graphite 361
plastics 361-4
porous metal bearings 3647
rubber 362
wood 362
minimal oil supply
drop-feed oiling 380
mist, air-oil, and grease feed 382
wick oiling 380
overview 101-10
partially starved bearing analysis 374
partially starved oil-film bearings 367
disk-oiled bearings 373-4

oil-ring bearings 368
ring-speed and oil delivery 370
temperature 3657
Dry sliding, principles 7-8
Dynamic seals 487-8, 489

Eccentricity ratio, minimum film thickness and,
journal bearing design 253

Economics, bearing principles 18

Elastic deformation, of single asperity, contact
between surfaces 78-9

Elasticity, rolling element bearings 448

Elastohydrodynamic lubrication (EHL)

principles 10
rolling element bearings 6

Elastohydrodynamic pressure-viscosity coefficients,
calculation of 36-9

Electrical damage 548-9

Elevated temperature 541

Embedability, bearing materials selection 93—4

Emission spectrographic wear monitoring 538

Energy equation, nondimensional, viscous flow
135-6

Energy, conservation laws, viscous flow 115

Environmental requirements, bearing principles
17-18

Erosion 548

Experimental modal analysis (EMA) 535

Externally pressurized feed, principles 9

Extreme pressure agents, lubricant fortification 25

Failure analysis  539-49
Failure analysis, rolling element bearings 531
Falling body viscometer 133
Fatigue 539, 540-1, 542-5, 548
Fatigue, bearing principles 18
Ferrofluid seals 494-5
Ferrography 539
Filling-notch ball bearings 396
Film thickness profile, journal bearings 224
Finite thrust gas bearings

rectangular 331

sector-pad 332

tilting-pad design 335
Flat-land thrust bearings 190-1

described 190

performance of 190-1
Flaws, defined, surface texture 64
Floating bushing seal leakage 490-2, 493
Floating bushing seals 490-2
Floating ring seals 490
Flooded condition, starved condition compared,

journal bearing design 251

Fluid-film bearings

gas bearings 320-54

see also Gas bearings
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Fluid-film bearings (Continued)
history 165-6
hydrostatic bearings 299-319
see also Hydrostatic bearings
journal bearings 201-59
see also Journal bearings
Reynolds equation 143-71
see also Reynolds equation
squeeze-film bearings 263-96
see also Squeeze-film bearings
thrust bearings 173-98
see also Thrust bearings
viscous flow 115-42
see also Viscous flow
Fluid-film lubrication, principles 8-10
Flush plan 508, 514, 515, 516
Foam inhibitors, lubricant fortification 25
Foil gas bearing 350-6
analysis 3524
bump foil 353
limiting load and speed analysis 354-6
top foil 353
Frequencies, bearings, vibration 447
Fretting 540

Friction
bearing materials selection 4-5
history 4

power loss and
bearing principles 8
piston rings 287
rolling element bearings 6
Friction modifiers, lubricant fortification 25
Friction moments, rolling element bearings 461
Friction torque, circular step thrust bearings 305
FT-IR 538
Full-arc plain journal bearings, with infinitely long
approximation (ILA) 206
Full-Sommerfeld boundary condition
half-Sommerfeld condition compared 211
journal bearings 207

Gas bearings 321-57
applications of 321-2
closed-form solutions 329
equation of state 322
finite thrust bearings;

rectangular 331

sector-pad 332

tilting-pad design 335
journal bearings

finite 2234

tilting-pad 201, 204
Reynolds equation  324-5
viscous properties 3224
see also Fluid-film bearings

Gas ingestion in visco-seals 500
Gaseous cavitation, journal bearings 215
Geometric characterization, of surface texture 63—4
Geometric squeeze, Reynolds equation 148
Gravity, order-of-magnitude analysis, viscous
flow 136

Grease bleed loss 540
Grease feed systems, semilubricated bearing 49
Grease hardening 540
Greases

mechanical properties 49

oils in 47-8

rolling element bearings 50

thickeners 48-9
Grease lubrication 384-5

Half-Sommerfeld boundary condition
full-Sommerfeld condition compared 206-11
journal bearing 211

Hard elastohydrodynamic lubrication (EHL),

principles 10

High-temperature bearing materials 12

Holes, see Supply hole

Housing and shaft fits, rolling element bearing

selection 96

Hyaluronic acid 277

Hybrid parameters, surface texture 70

Hydraulic lift, hydrostatic bearings 316

Hydrodynamic lubrication, principles 10

Hydrostatic bearings 299-319
applications 300
circular step thrust bearings 302

flow rate requirement 304
friction torque 305
load capacity 304
optimization 306
power losses 305
pressure distribution and load 302-3
stiffness 305
thermal effects 306
compensated
capillary-compensated 308
design procedure for 312
orifice-compensated 310
configurations, generalization to 313
hydraulic liftt 316
overview 317
types and configurations 301-2
see also Fluid-film bearings
Hydrostatic oil lifts 300-1
Hydrostatic thrust bearings, described 302

Impeller stall 535

Infinitely long approximation (ILA)
full-arc plain journal bearings 206
Reynolds equation 206
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Infinitely long journal bearings, gas bearings 331
Infinitely long tapered-step and slider bearings, gas
bearings 329-30
Infinitely short approximation (ISA)
journal bearings 219-20
Reynolds equation 219
Infrared (IR) spectral analyses 538
Inside mechanical seals 508, 518
Installation analysis 531-2
Instrument ball bearings 396
Instrumentation 532
Interfacial seals 488-9
Internal clearance, chamfer dimensions 404-6
International Organization for Standardization (ISO),
viscosity 29
Interstitial seals 488-9
ISO 7919 534

Journal bearings 201-59
attitude angle for configurations 201-2
boundary conditions
full-Sommerfeld 207
generally 207
half-Sommerfeld 211
Sommerfeld number defined 210-11
Swift-Stieber (Reynolds) 216-19
cavitation phenomena 215
design guides
bearing load and dimensions 251-3
eccentricity and minimum film thickness 253
effective temperature 249
flooded and starved conditions compared 251
maximum temperature  249-50
misalignment and shaft deflection 257
operating clearance 254
turbulent and parasitic loss effects 250-1
film thickness profile 202
finite bearing design and analysis 223-4
full and half short solutions 221
full-arc plain (with ILA) 206
gas bearings
finite 2234
infinitely long 2067
tilting-pad  204-5
infinitely short approximation (ISA) 219-20
lubricant supply methods 232
axial groove 2334
circumferential groove 234
flow considerations 235
supply hole 233
performance parameters 225
principles 245-9
stiffness vibration, and oil-whirl instability 245-9
types of 204
see also Fluid-film bearings

Kinematic viscosity, defined 29
Kurtosis, surface texture parameters 68

Labyrinth shaft seals 492-3
Laminar 59, 123, 127, 130, 132, 143, 152, 155,
196-7, 223, 248, 250, 311, 312, 382, 491, 492,
495, 497, 498-9, 502, 515-16
Lantern ring packing seals 506
Lay, defined, surface texture 64
Leakage of packing seals 505-6
Life limit
bearing principles 12
maintenance, bearing principles 16
oil life 16
rolling element bearings
adjusted rating life 415-20
grease life 479-82
load-life relations 409-12
wear 465-7
Lift off speed 251
Limiting cases, closed-form solutions and, Reynolds
equation  158-60
Line contact, rolling element bearings 470-3
Lip Seals 502-5
Load-life relations, rolling element bearing selection
409
Load
bearing principles 15
circular step thrust bearings 302
rolling element bearings 15
Local expansion, Reynolds equation 148, 149
Lubricant friction, rolling element bearings 459
Lubricants  22-59
base stock categories 23-5
density and compressibility 434

greases
mechanical properties 49-51
oilsin 47-8

thickeners 48-9

history 5, 23

mineral oils 23-5

oil life 45-7

solid 51

supply methods
centralized systems 59
circulating oil systems 54-8
journal bearings 201, 233-45

see also Journal bearings

partially starved oil-film bearings 368
rolling element bearings 16
self-contained units 53-8

synthetic oils 25

thermal properties 44-5

viscosity
classifications 29
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Lubricants (Continued)
defined 29-31
elastohydrodynamic pressure-viscosity

coefficients 36-9

pressure and  34-6
shear rate relations (non-Newtonian) 39-42
temperature and 314
viscoelastic effect 42

Lubricating greases, viscosity-shear rate relations
41-2

see also Greases
Lubrication, bearing principles 16
Lubrication regime, surface roughness 85-7

Magnetic particle screening 539
Maintenance 531
Maintenance, bearing principles 18
Mannich base 538
Mass conservation law
Reynolds equation 144
viscous flow 116
Mating (stationary) rings 507-9, 513, 517-19, 521,
522, 525, 527
Mean asperity contact pressure, real area of contact
and 81-2
Mean peak spacing (S,,), surface texture parameters
67
Measurement, of surface texture 70-3
see also Surface texture
Mechanical properties, greases 49-51
Mechanical requirements, bearing principles 14
Mineral oils, lubricants 23-5
Miniature ball bearings 396
Minimum film thickness, eccentricity ratio and,
journal bearing design 253
Misalignment
rolling element bearings 455-6
shaft deflection and, journal bearing design 257
Mist systems
rolling element bearings 476
semilubricated bearing 59, 234, 380, 383
Moisture contamination 543
Momentum, conservation laws, viscous flow 117
Multiple (segmented) floating ring seals 490

Nanotribology and surface effects 6-7

Navier-Stokes equations, Reynolds equation 144

Needle roller bearings 397-8

Newtonian fluids, viscous flow, conservation of
momentum 119

Noise, rolling element bearings 450

Nomenclature, rolling element bearing selection
398-400

Non-Newtonian lubricants, viscosity-shear rate
relations 39

Noncontacting methods, surface texture measurement
73
Nondimensional energy equation, viscous flow
135-6
Nondimensional flow equation, viscous flow 133-5
Nondimensional Reynolds equation 155-6
Nonplanar squeeze-film bearings
expressions for geometries 272-7
finite surfaces 277-81
sphere approaching plate 271-2
Nonpusher seal 508
Normal squeeze, Reynolds equation 148
Numerical method, Reynolds equation 163-6

O-rings 487, 508
Oil analysis  535-8
Oil delivery, ring-speed and, partially starved oil-film
bearings 370-3
see also Lubrication
Oil film bearing failure analysis 542-9
Oil-film bearing materials
aluminum  99-100
babbitts  96-8
cast iron and steel 100
copper alloys 98-9
silver 100
zinc  100-1
Oil oxidation 531, 536, 547
Oil-ring bearings, partially starved oil-film bearings
367-8
Oil sampling frequency 536
Oil sampling points 537
Oil sludging 531
Oil-whirl instability, journal bearings 245-9
On-line monitoring  532-5
Opening force 508, 511, 518-19, 527
Operating temperature, rolling element bearings
467-9
Optimization of seal head coefficient 496-7
Order-of-magnitude analysis (viscous flow)
gravity contribution 137-8
inertia and viscous terms compared 136-7
pressure and viscous forces compared 138-40
pressure contribution 138
Orifice-compensated hydrostatic bearings 310
Outside Mechanical Seals 509
Overload 540, 543
Oxidation inhibitors, lubricant fortification 25

Packing Seals 505-6
Packing seals automatic-type 505-6
Packing seals compression 505
Packing Seals Jam-packed type 505, 540
Parallel disk viscometer 130
Parameters, surface texture 65-70

see also Surface texture
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Parasitic power loss
journal bearing design 250
thrust bearings 175
Partially starved oil-film bearings 367-70
analysis  367-8
disk-oiled bearings 373—4
oil-ring bearings 368-70
ring-speed and oil delivery 370-3
see also Dry and semilubricated bearings
Particle embedding 547
Peak sharpness (kurtosis), surface texture
parameters 69
Peak-to-peak shaft displacement 534
Peak-to-valley height, surface texture parameters
66-7
Performance parameters, Reynolds
equation 1568
Petroff’s formula, viscous flow 128-9
Physical stretch, Reynolds equation 148
Physical wedge, Reynolds equation 148
Piston rings
described 287-92
friction force and power loss 292-5
Pivoted-pad thrust bearings
described 1847
performance of 184
Planar squeeze-film bearings
elliptical disks 267-8
finite surfaces 277-81
generalization for 268-71
two parallel circular disks 265-7
Plastics, dry and semilubricated bearings 101-2
Point contact, rolling element bearings 471-3
Polymer viscosity index improvers, shear rate
relations (non-Newtonian) 39-41
Pour-point depressant 538
Pour-point depressants
lubricant fortification 25
Power loss 497, 512-13, 533
friction and 292
bearing principles 14
piston rings  287-91
parasitic, thrust bearings 175
Precision machinery, heavily loaded, hydrostatic
bearings 300
Pressure
order-of-magnitude analysis, viscous flow 138
viscosity and 138
Pressure gradient factor 511-12, 519
Pressure-Velocity (PV) factor 512, 516
Pressure-viscosity coefficient, calculation of 36-9
Primary (rotor) rings 517
Pump MTBM 487
Pushing Mechanism 507-8

Radial contact seal 502-6
Radial (diametral) internal clearance, rolling element
bearings 4046
Radially loaded rolling bearings
load distribution 438
thrust loaded combined, load distribution 440-2
Rayleigh-step bearing, Reynolds equation 161-3
Real area of contact, mean asperity contact pressure
and 81-2
Remaining additive concentration 538
Resistance temperature detector (RTD) 532
Reynolds equation  143-71
application (Rayleigh-step bearing) 161-3
assumptions 1434
derivations
boundary conditions 145
conservation of mass 146
cylindrical coordinates 151
general equation  149-50
Navier-Stokes equations  144-5
standard equation 151
gas bearings 324-9
limiting cases and closed-form solutions
158-60
nondimensionalization 155-6
numerical method 163-6
performance parameters 156-8
squeeze-film bearings 151
surface roughness 153-5
Swift-Stieber (Reynolds) boundary condition,
journal bearings 216
turbulent flows 152-3
see also Fluid-film bearings
Rib wear 540
Ring-speed, oil delivery and, partially starved oil-film
bearings 370-3
Roller bearings, types of 397-8
Roller-raceway line contacts, surface stresses and
deformation 434-6
Rolling element bearing selection
adjusted rating life  415-20
ball bearings, types of 391-6
boundary dimensions 401-3
chamfer dimensions 403—4
internal clearance 403-6
precision classifications 406
load-life relations
combined radial and thrust load 412-13
minimum load 415
varying load 414-45
nomenclature 398
roller bearings, types of 397-8
shaft and housing fits 406
static load capacity 420-1
thrust bearings, types of 398



564

Index

Rolling element bearings

cage considerations 444-6
elasticity 448
failure analysis 531
friction 459-61
friction moments 461-5
history 6, 391
internal geometry
angular misalignment 429-30
axial clearance 429
curvature and ball contact 4268
point and line contact 426
radial (diametral) internal clearance
428-9
load distribution
combined radial and thrust loads 438-40
radially loaded 438
thrust loaded 440
load limit 454
lubrication
EHL lubrication 469
grease life 479-82
grease selection and application 478-9
greasing and regreasing 482-3
oil application 476-7
materials for
misalignment limit 455
noise 450
oil change intervals
oil viscosity selection 473-6
solid lubricants 483
operating temperature  467-9
speed limit 452
speed of cage and rolling elements 443—4
subsurface stresses  436-8
surface stresses and deformation
ball-raceway contacts 4304
roller-raceway line contacts 434-6
temperature limit 454
vibration 446-7
wear 465-7

Rolling friction, rolling element bearings 459
Root-mean-square roughness (R, ), surface texture

parameters 657

Rotational viscometers 130-2
Rotor vibration, journal bearings 245-9
Roughness

defined, surface texture 63
see also Surface texture
Reynolds equation 153-5

Rubber, dry and semilubricated bearing materials

102

Rust inhibitor 537, 539
Rust inhibitors, lubricant fortification 25

Screw pump 502, 503

Scuffing failure 301

Seal chamber 515, 519

Seal classifications 487-8

Seal face flatness 513

Seal face materials 509, 513

Seal face surface finish 513, 544

Seal face temperature 517-26

Seal failure 487, 507

Seal flushing system 514-16

Seal gland 515

Seal head 496-7, 508, 509, 510, 512, 518

Seal heat generation 512-13

Seal laminar flow 490, 495, 498, 502, 516

Seal leakage 493

Seal maintenance cost 487

Seal materials and coefficient of friction
513-14

Seal power loss 512-13, 518-19, 533

Seal ring shapes 522-6

Seal thermal analysis 26, 488, 492, 505, 513,
518, 520

Seals and shields, ball bearings 396

Seals API flush plans 515

Sector-pad finite thrust gas bearings 332-5

Seizure 544, 545

Self-contained lubricant supply 54

Self-excited vibration 535

Self-propagating wear 545, 546-7

Semilubricated bearing materials, see Bearing
materials; Dry and semilubricated bearings

Sensors 532, 533

Shaft and housing fits, rolling element bearing
selection 406

Shaft deflection, misalignment and, journal bearing
design 257

Shaft magnetization 549

Shaft whip instability 535

Shear rate relations (non-Newtonian), viscosity 39

Signal processing 532

Silver, oil-film bearing materials 100

Single asperity, elastic deformation of, contact
between surfaces 78

Skewness, surface texture parameters 68

Skid/skidless instruments, surface texture
measurement 72

Sleeve bearings, see Journal bearings

Sliding friction, rolling element bearings 459

Society of Automotive Engineers (SAE), viscosity
29-30

Soft elastohydrodynamic lubrication (EHL),
principles 11

Solid lubricants

described 51
rolling element bearings 483
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Sommerfeld number, defined 210-11
Soot 537, 538
Space requirement, bearing principles 16
Spacing and shape parameters, surface
texture 67
Speed
bearing principles 15
rolling element bearings, grease life 479-82
Speed limit, rolling element bearings 4524
Spherical roller bearings 394, 397, 398, 426,
463, 464
Spiral groove 234
Spring-mounted thrust bearings
described 189
performance of 190
Squeeze-film action, principles 263
Squeeze-film bearings 263-96
equations governing 264-5
finite surfaces
nonplanar  281-7
planar 277-81
nonplanar
expressions for geometries 272-7
sphere approaching plate 271-2
overview 263
piston rings
described 287
friction force and power loss 292-5
planar
elliptical disks 267-8
generalization for 268-71
two parallel circular disks 265-7
see also Fluid-film bearings
Squeeze film, Reynolds equation 151
Stadium mover/converter, hydrostatic bearings 301
Starved condition, flooded condition compared,
journal bearing design 251
Static load capacity, rolling element bearing selection
420-1
Static seals 487-8
Statistical descriptions, surface texture 75-6
Steady film, Reynolds equation 151
Steel, oil-film bearing materials 100
Step thrust bearings
described 187
performance of 188
Strength, bearing materials selection 95
Stuffing box  505-6
Stylus sensitivity, surface texture measurement 72-3
Subsurface stresses, rolling element bearings 4368
Sulfate detergent 538
Supply hole, journal bearing lubricant supply 233
Surface drag loss, thrust bearings 194
Surface effects, history 6-7

Surface fatigue wear, bearing materials selection
92-3
Surface pitting 540, 545
Surface stresses, deformation and, rolling element
bearings 4304
Surface texture
contact between surfaces 78
asperity plastic deformation 79-81
elastic deformation of single asperity 78-9
mean asperity contact pressure and real area of
contact 81-2
geometric characterization 63-5
lubrication regime  85-7
measurement
contacting methods  70-3
noncontacting methods 73
parameters
amplitude 65
hybrid 70
spacing and shape 67-9
Reynolds equation 82
statistical descriptions 75-6
symbols 76
Swift-Stieber (Reynolds) boundary condition, journal
bearings 216
Symbols, surface texture 767
Synthetic oils, lubricants 25

Tandem mechanical seals 507, 509
Tapered-land thrust bearings
described 178
performance of 179
Tapered roller bearings 397
Tapered-step and slider bearings, infinitely long, gas
bearings 329-30
Temperature
circular step thrust bearings 306-8
dry and semilubricated bearing 249-50
flash temperature in sliding contacts 83
gas bearings, viscous properties 322
high-temperature bearing materials 106—8
hydrostatic bearings 306-8
journal bearing design 249-50
low temperature limits 47-8, 55-7
monitoring 532-3
Reynolds equation, thermohydrodynamic analyses
166
rolling element bearings 454-5
tapered-land thrust bearings 1814
thermal properties
bearing materials selection 95-6
lubricants 44-5, 95-6
viscosity and 31-4
Thermal breakdown 545
Thermally induced seizure 254
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Thermocouple 533
Thermohydrodynamic analyses, Reynolds equation
166
Thickeners, greases 48-9
Three-body abrasion wear, bearing materials
selection 93
Through-flow loss, thrust bearings 192
Thrust bearings 173-97
design factors 1767
flat-land thrust bearings 190-1
parasitic power loss 1912
performance analysis 177-8
pivoted-pad thrust bearings 1847
principles 173
spring-mounted thrust bearings 189-90
step thrust bearings 187-9
tapered-land thrust bearings 178-81
turbulence  196-7
types of 173-6
see also Finite thrust gas bearings; Fluid-film
bearings
Thrust loaded rolling bearings
load distribution 438
radially loaded combined, load distribution 440
Tilting-pad journal bearings, design of 204
Tilting-pad thrust gas bearings, design of 335
Total acidity number (TAN) 538
Total base number (TBN) 537
Tribology
defined 3
history of 3-4
principles of 7-12
see also Bearing principles
Troubleshooting 535, 543
Turbulent flows
journal bearing design 250-1
Reynolds equation 152
thrust bearings 196-7
Turbulent seal flow coefficient, 152
Two-body abrasion wear, bearing materials
selection 93

Unbalanced mechanical seals 507, 509-10
Unit conversion factors 551

Vane passing 535
Vapor cavitation, journal bearings 215-16
Vibration 531, 532, 534-5
journal bearings 245-9
rolling element bearings 446-7
Vibration monitoring 532, 535
Visco-seal friction resistance coefficient 498-9

Visco-seal leakage-flow coefficient 487, 490, 491,
492, 497

Visco seals  495-502

Viscoelastic effect, described 42

Viscometers 129-33

Viscosity
classifications 29-31
defined 29
elastohydrodynamic pressure-viscosity coefficients
36-9

pressure and  34-6
shear rate relations (non-Newtonian) 39
temperature and 314
viscoelastic effect 42
Viscosity conversion table 555-6
Viscosity index improvers
lubricant fortification 25
shear rate relations (non-Newtonian) 39
Viscosity index, use of 33-4
Viscosity-temperature coefficient, calculation of 34
Viscous flow 115-42
conservation laws 115
energy 121
mass 116
momentum 117
energy equation, nondimensionalization of
flow equation, nondimensionalization of 133-5
order-of-magnitude analysis 136-7
gravity contribution 137-8
inertia and viscous terms compared 136-7
pressure and viscous forces compared 138-40
pressure contribution 138
Petroff’s formula 128
viscometers 129
see also Fluid-film bearings

Warning limits 5367
Water contamination 547
Water content 537
Waviness, defined, surface texture 63—4
Wear
bearing materials selection 92
history 91
monitoring  538-9
rolling element bearings 4657
Whirl instability, gas bearings, finite journal bearings
344-5
Wick oiling, semilubricated bearing 368
Wire wool wear 545, 546
Wood, dry and semilubricated bearing materials 101

Zinc, oil-film bearing materials 100-1





















