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AAR Chapter XI rail roll criterion,
224-225
Abrasion, 125
Absolute damping, 340
AC tachogenerator, 438439
Acceleration, 331, 461
Accelerometers, 334335, 426427, 442
Acceptance tests, 424
Acoustics, 280—282
Active lateral damping, 349
Active primary suspension, 347-353
Active secondary suspensions, 338-347
Active steering, 348
Active suspension, 3, 30-31, 327-355
actuators, 344, 354
damping, 339-341
design, 330-331
modal control, 343—344
sensors, 353-354
servo-hydraulic, 345-346
Shinkansen/Sumitomo, 346347
tilting trains, 331-338
Actuators, 333, 339-340, 344, 464
ADAMS/Rail Simulation Package,
376-377
Adhesion, 18, 96, 134-135, 257
Adjustable passive suspension, 329
Aerodynamic noise, 304
Aerodynamics, 31, 282, 304
Air cushions, 25
Air gap, 243
Air resistance, 261
Air springs, 48, 49, 333, 366
Air suspension, 183, 196
Airbag condition, 195
Airborne transmission, 307-308
APT-E tilting train, 23
Articulated locomotives, 11
Association of American Railroads
(AAR), 376
Australia, 1, 239-240, 267
Autocouplers, 243-253
Axle
journals, 40
Axle guidance, 390
Axle moments, 435
Axlebox suspension, 47
Axleboxes, 40, 44—-46

B

Balise, 335
Ballast, 31, 146, 159, 162, 171-175
Barber bogie, 68
Barriers, 295-296
BaSS 501, 192
BB 9104 locomotives, 229
Beams, 159
deflection, 161
discrete supports, 161-162
links, 59
vibration, 161
see also rails
Bearings, 45
Benchmarking, 378—-379
Bending stiffness, 76, 160
Bifurcation, 21
Bissel, 15
Body build tolerance (BOD), 197
Body modes tests, 455
Bogie
side frame, 68
Bogies, 9-10, 14
actively controlled, 80, 352
axleboxes, 44—46
bolsterless bogies, 63—64
car body connections, 61-65
constraints, 56-60
cross-bracing, 11, 82
dampers, 51-56
derailment, 211
design, 65-71, 79-83
elastic elements, 47-51
lateral acceleration, 394
modelling, 362, 364-365, 375
motion equations, 29
pendular suspension, 30
pitch, 265-266
radially steered, 79
rotational resistance test, 452-454
shrouds, 295
stability, 19, 26, 388, 391
steering, 224, 231, 406
suspension, 4647, 212, 234
three-piece, 27, 68
wheels, 46
wheelsets, 40-44
yaw stiffness, 234
Bogie fairings, 295
Bolster, 67
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Bow wave, 313
Brake pipe modelling, 259
Braking, 40
adhesion, 134
dynamic, 255-259, 271-272
pneumatic, 259-260, 270-271
roller rigs, 461
traction, 271-272
Bridge circuits, 432-433
Bridges, 10

British Rail Research Department, 22, 377

Brunel, LK., 7
Bumpstops, 56

C

Canada, 229-230

Cant, 192, 448

Cant deficiency, 192, 198, 199, 332
Cantrail, 197

Capacitive accelerometers, 429-430
Carbody, 362, 363, 389-390
Carter, F.W., 12-15, 87
Cartridge-type bearings, 45

Central suspension, 47

Centre bowl, 61

Centre pivot, 62

Centrifugal force, 9

Chengdu roller rig, 462-470, 502
China, 462—-470

Chord offset measuring systems, 451-452

Chevron springs, 72
Circular arc theory, 20
Clearance, 182, 205-206, 234
ClearRoute software, 201
Coefficient of friction, 131, 132
Coil springs, 48, 49, 366
Common transducers, 425-441
Commuter services, 411
Component characterisation, 424
Computer simulations see simulation
Concavity, 91
Conformal contact, 44
Conical bearings, 45
Conicity, 93, 231, 390, 400
Coning, 6-7
Constraint devices, 56—60
Contact, 2, 88—94, 122
angle function, 110
angles, 231, 385
forces, 107116
jumps, 103-107, 109, 110, 113
models, 103107, 113
non-Hertzian, 114
patches, 283
plane angles, 93
pressure, 91
surface based models, 103—107
theory, 373
CONTACT algorithms, 103
Continuously welded rail, 229

Convexity, 91
Corrugation, 151
Cosine error, 440
Coulomb friction, 96, 367
Coupler
forces, 264, 410-412
free slack, 240
impact forces, 264266
slack, 243
Cracks, 129-130
Crashworthiness, 266—267
Creep, 13, 14, 18—19
coefficient, 487-489
instability, 390
load dependence, 101
wheel -rail contact, 97
Creepage, 97, 374
combinations, 101

dynamic, 99
lateral, 98—99, 213
noise, 301

quasi-static, 97
reduced, 102, 105
saturation, 101
Crests, 270
Critical speed, 193, 199-200, 392
Cross-level error, 204
Cross-section deformation, 166
Cross-ties (see Sleepers), 146
Crosswind, 409-410
Crumple zones, 267
Curvature, 191, 448
Curve radius, 127, 212
Curve squeal, 301-303
Curving, 6, 8-9, 22-25
acceleration, 332
simulation, 401-409, 467, 480, 493
track tests, 232
Curving forces, 192-193
Curving resistance, 263
Cyclic vibration, 241
Cylindrical guides, 57-58

D

Damping, 51-56, 77-79, 291
active lateral, 349
active suspensions, 339-341
modelling, 368—-369
noise, 291-292
terms, 99
Davis equation, 272
de Pater, A.D., 19, 375
Degrees of freedom, roller rigs, 462
Densification, 172
Derailment
switch-splitting, 44
Derailment quotient (L/V or Y/Q), 379
Derailments, 23, 28, 209-235
bogies, 9
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causes, 210-211
gauge widening, 223-228
history, 210-211
prediction, 231-233
prevention, 233-235
safety criteria, 212-231
switches, 228
track panel shift, 228-231
vehicle lateral instability, 230-231
wheel flange climb, 212-219
Deutsches Centrum fuer Luft- und Raumfahrt (DLR), 376
DGPS see Differential GPS
Dicone formulations, 107
Diesel electric locomotives, 258
Differential GPS (DGPS), 441
Dipped rail joint, 25
Dips, 270
Discrete point reacting spring (DPRS), model, 284
Dispersion curve, 311
Displacement transducers, 425-426
Distributed power configuration, 273-275
Doppler effect, 439-440
DPRS see discrete point reacting spring
Draft gear packages, 244-253
Draft gear response, 246
Draft gear spring, 243
Drawbars, 254-255
Driving practices, 269-275
Drop hammer tests, 246
Dry friction, 51
Duration based criterion, 217-218
Dynamic braking, 255-259, 271-272
Dynamic envelopes, 184
Dynamic impact factor, 161
Dynamic simulation test, 479—-480
Dynamic stability, 13

E

Eigenbehaviour, 384—385
Eigendamping, 383
Eigenfrequencies, 383

Eigenmodes, 383

Eigenvalue analysis, 372, 382-384
Elastic coefficients, 105

Elastic elements, 47-51

Elastic foundation, 170

Elasticity, CONTACT algorithms, 103
Embankment settlements, 155-157
Embedded rail systems, 295

End car crumple zones, 267

Energy usage, 272-273

Engineering process, 380—-381
Environmental noise, 280
Equalisation, 10

Equations of motion, 371

Equivalent cant, 192

Equivalent conicity, 20, 42, 107, 385
ETR-500 bogies, 66, 67
Euler—Bernoulli beam theory, 148, 159, 166
European Rail Research Institute, 378

Excitation frequencies, 151
Excitation sources, 150 HaTean o

F

False flange, 42
Fastenings, 169, 227
FASTSIM 104-107, 375
Feedback control systems, 30
Ferroelectric ceramics, 427
Field testing, 423—-456
chord offset measuring systems, 451-452
common transducers, 425—-441
data acquisition, 443445
dynamic tests, 455-456
equipment configuration, 441-443
rail profiles, 445-447
static/quasi-static tests, 452455
track geometry recording, 447-452
wheel profiles, 445-447
Filtering, 190
Flange
thickness, 42
Flange climb derailment, 212-223, 231, 233
Flanges, 6, 7
angle, 220, 233
contact, 109
derailment, 211
length, 221, 231
lubrication, 228, 407, 408
safety, 112
Flangeway clearance, 6
Flat centre plate, 61
Flexible bodies, 378
Flexicoil spring, 64
Flutter analysis, 13
Flywheels, 476
Force-measuring wheelsets, 433-438
Forced steering, 27, 79
Forces
in-train, 240, 241
scaling, 518
FRA wheel climb distance limit, 218
France
panel shift criterion, 229
scaled rig, 510-512, 521-523
VOCO code, 377
Freight wagons
bogie designs, 6771
noise, 291
stability, 390, 498-500
vibration, 310
Frequency range, 361
Frequency-domain techniques, 163—164
Friction, 51, 122, 131-136
coefficients, 131
dampers, 53, 54, 78, 369
derailment prevention, 235
draft gear packages, 249
dynamic braking, 257
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flange climbing, 222
modifiers, 133
squeal noise, 303

Full-active suspension see active suspension

G

Gauge narrowing, 400
Gauge widening, 223-228, 231
Gauging, 182-206, 382, 448
derailments, 211
history, 182—187
structure, 187-189
vehicle-track interaction, 202-203
GENSYS simulation package, 377
Geometric gauges, 183
Geotextiles, 146

Global Positioning System (GPS), 354, 440-441

Grade forces, 241

Gravitational components, 260-261
Gravitational stiffness, 108
Greases, 133, 303

Ground-borne vibration, 310—320
Ground vibration ‘boom’, 314
Guard rails, 234

H

H-force, 435

Hall Effect probe, 439
Head checks, 130
Heavy-haul railway, 25
Hertz contact stiffness, 370

Hertzian contact, 88—-92, 113-114, 373-374

Hertzian springs, 150
High-speed railways, 16
vibration, 310
History, 1-2, 5-31
active suspensions, 30-31
bogies, 9-10
computer simulations, 28—-29
coning, 6-7
creep, 18—19
curving, 6, 8-9, 22-25
derailment, 28
hunting, 19-22
kinematic oscillation, 6—8
steering, 10—12
suspension design, 25-28
track, 10
track geometry, 25
wheel-rail geometry, 15-16
Hollow worn wheels, 211, 226
Horn guides, 57
see also axlebox guides
HSFV-1 test vehicle, 20
Humidity, 134
Hunting, 9-10, 19-22, 87, 347
derailment, 211, 231
track tests, 232

Hybrid gauges, 184185
Hydraulic dampers, 55, 77, 368
Hysteresis, 53, 245

I

Impact forces, 157-159, 161, 240, 264-266

Impact noise, 296301
In-plane stiffness, 75
In-train forces, 240, 241

Independent wheels, 27, 112113, 221-223, 234,

349-350
Instability, 9, 13

Index

Institut National de Recherche sur les Transport et leur
Securité (INRETS), 510-512, 521-523

Interchange wheel, 226
Interior noise, 304-310
Intermolecular damping, 53
Italy, 470—474

J

Japan, 333, 335, 474-476

K

Kalker’s coefficients, 100—102, 517
Kalker’s empirical proposition, 103
Kalman filters, 354

Kinematic envelopes, 184, 193
Kinematic gauges, 184—185
Kinematic movement, 192196
Kinematic oscillation, 6—8

Kinetic friction coefficient, 251
Klingel formula, 116

L

Lateral acceleration, 394
Lateral alignment, 448
Lateral creepage, 98-99, 213
Lateral damping, 66, 390
Lateral displacement, 87
Lateral force, 404

Lateral instability, 230-231
Lateral oscillations, 7
Lateral stability, 6

Lateral stiffness, 390
Lateral suspension, 75-77
Lateral vibration, 166
Layout see Track geometry
Leaf Mulch, 135

Leaf spring, 48, 49

Leaves, 134

Lenior link, 71
Level-crossings, 134

Light rail vehicles (LRVs), bogie designs, 71-72

Limit cycle, 21,27
Linear contact forces, 105
Linear critical speed, 392
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Linear variable differential transformer (LVDT), 425
Linearised stability analysis, 385—-390
Linkage system, 27
Loading, 195
track panel shift, 229
Load measuring wheelset, 433-438
Local shielding, 295-296
Locomotives
articulated, 11
BB 9104 type, 229
diesel electric, 258
remote controlled, 273
steam, 12
Long wavelength irregularities, 154—157
Longitudinal comfort, 267-269
Longitudinal creepage, 98, 131
Longitudinal curvature, 93
Longitudinal stiffness, 75
Longitudinal train dynamics, 3, 239-276, 375
Loudness level, 307
Love waves, 311
Low bandwidth controls, 342-343
Low noise track, 293-294
Lozenging, 71
LRVs see Light rail vehicles
Lubrication, 122, 126, 136—138
curve squeal, 303
flanges, 228
Lubricators, 136
LVDT see Linear variable differential transformer

M

Magnetic levitation, 25
Magnetic suspension, 30
Manchester benchmarks, 29, 379
Manchester Metropolitan University, scaled rig,
509-510, 515-519
Manganese crossing, 155
Martensite, 153
Mathematical modelling see Models
Matsudaira, T., 16, 17
MBD see Multibody dynamics
MBS see Multibody systems
MEDYNA simulation package, 376
Microslip see Creepage
Minden Deutz link, 59
Miniprof (profile measuring device), 373
Mobile phones, 306
Modal analysis test, 481
Models, 159-163
active suspension, 330
gravitational components, 260-261
longitudinal dynamics, 241-243
longitudinal train dynamics, 263-264
pneumatic brakes, 259-260
wagon connection, 243-255
see also Simulation
Motion equations, 29, 371
Motion sickness, 332
Motor torque, 256
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Moving irregularity, 164

Moving mass problem, 160

Multibody dynamics (MBD), 362, 376
Multibody systems (MBS), 29, 362, 376-377
Multi-Hertzian methods, 374

Multiresonant absorbers, 291

N

Nadal single-wheel L/V criterion, 214-215
Nadal’s formula, 112
Naples roller rig, 470-474
Nausea, 320
Noise, 3, 31, 279-322
aerodynamic sources, 282, 304
barriers, 295-296
curve squeal, 301-303
freight traffic, 291
ground-borne vibration, 310-320
power units, 304
radiation, 289-290
rail corrugation, 291
rail joints, 299-301
ratings, 307
squeal, 282
surface roughness, 283-284
tracks, 293-295
dynamics, 287-288
vibrations, 150
vehicle interior, 304-310
wheels
damping, 291-292
design, 292-293
dynamics, 285-287
flats, 296-299
rail contact, 282, 288-289
see also Rolling noise
Nondimensional spin creepage, 99
Nonlinear critical speed, 392
Nonlinear dynamics, 22
Nonlinear stability analysis, 390—395
Nonlinear track, 149—-150
NUCARS simulation package, 377

0

Office for Research and Experiments (ORE), 17, 375
Out-of-round wheels, 37

Overthrow, 183

Oxidation, 125

P

‘Parasitic’ effects, 437
Passenger comfort, 240, 268, 305
simulations, 381
tilting trains, 331
Passenger vehicles
bogie designs, 65-67
driving practices, 269
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nonlinear running behaviour, 508
stability, 500-502
vibration, 310
Passive damping, 340
Passive steering system, 81
Passive tilt, 333
Pearlite, 127
Pendular suspension, 30
Pendular tilt, 333
Pendulum linkage, 62—-63
Piezoelectric accelerometers, 427-429
Pinned-pinned resonance, 148, 160
Pitch, 197, 233
bogies, 265-266
wagon body, 264265
Plastic deformation, 127129
Plastic ratchetting, 129
Plate springs, 48, 49
Pneumatic braking, 270-271
models, 259-260
Polach method, 374
Pollution control, 256
Positive friction modifiers, 133
Power application rate limit, 256
Power braking, 240
Power spectra of track, 25
Power testing, 473, 481
Power unit noise, 304
Preferred speech interference level (PSIL), 307
Preloads, 366
Propulsion resistance, 261-262
Primary suspension, 46
Prud’homme limit, 403
Pseudokinematic gauges, 184
PSIL see Preferred speech interference level
Push-pull forces, 411-412

Q

Quasilinearisation, 21
Quasistatic solution method, 373

R

Radial steering, 11
Radius links, 59-60
Railpads, 145-146, 159, 161, 168—169
Rails, 145
corrugation, 150-154, 291, 381
dampers, 294
field testing, 445-447
inclination, 407
joints, 157-158, 299-301
manufacture, 154
modelling, 166-168
noise, 291
profiles, 24, 407, 425, 445-447
rollover, 223-228, 231
sidewear, 204-205
traction forces, 224

Index

Railway Technical Research Institute (RTRI), 474
Rayleigh-Timoshenko beam, 159, 166
Rayleigh waves, 311
RC see Room criteria
RDU see Roll dynamics unit
Receptance, 163164
Redtenbacher’s formula, 8
Remote controlled locomotives, 273
Residual stress, 128
Resonance, 148, 162, 390
Restraining rails, 234
Retardation, 241
Ride characteristics, 381, 396398
Ride comfort, 398401, 502-504
Ring springs, 48, 49
Risk management, 205
Roll bar, 48
Roll dynamics unit (RDU), 459, 476
Roll parameter, 385
Roller bearings, 45
Roller rigs, 3, 457-504

degrees of freedom, 462

history, 459-460

scale testing, 507-525

scaling problem, 512-523

setup errors, 494—-497

test technique, 460-461
Rolling, 126
Rolling contact fatigue, 129-130, 381
Rolling noise, 3, 282-296
Rolling radius, 231
Rolling resistance, 261
Room criteria (RC), 307
Root locus calculations, 387
RTRI see Railway Technical Research Institute
Rubber-metal springs, 4850
Rubber spring model, 368
Run-ins/run-outs, 240
Running behaviour, 395-396
Running dynamics, 409-414
Running gear, 8, 40-83

see also Bogies

S

Safety, 212-231
active suspension, 355
curves, 403-404
flange climb, 214-219
simulations, 381
Sand, 135
Sanding, 135
Sandite, 135
Saturation laws, 102-103
Scale testing, 507-525
Scaling errors, 523-525
Scheffel radial arm bogies, 82
SEA see Statistical energy analysis
Secondary suspension, 46
Self-steering, 26, 79, 406
Semi axis, 90
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Semi-active suspension, 328329, 344345
Semi-passive suspension, 329
Series opposition, 425
Servo-hydraulic active lateral suspension, 345—346
Shark’s fin damper, 291
Shatter cracks, 130
Shear, 76, 166
Shelling, 129, 130
Shen, Hedrick and Elkins method, 374
Shinkansen bogies, 19, 66
Shinkansen active suspension, 346—347
Side bearers, 61
SILENT TRACK project, 293, 294
SIMPACK simulation package, 376
Simulations, 28-29, 163165, 359-417
benchmarking, 378-379
carbody, 363-365
curving, 401-409, 467
derailment, 231, 232
engineering process, 380—381
flexible bodies, 378
lateral acceleration, 394
longitudinal train dynamics, 263-264
multibody systems, 29, 371, 376-377
push-pull forces, 411-412
ride characteristics, 381, 396—-398
ride comfort, 398-401
running dynamics, 409-414
scale testing, 507-525
suspension, 366—369
track, 369-370
traction chain dynamics, 412414
vehicle dynamics, 379-415
vehicle-track interaction, 361-371
wheel-rail contact, 370-371
see also Models; Roller rigs; Software packages
Sin creepage, 95, 99
Single-axle running gear, 28
Sky-hook damping, 339-341
Slab tracks, 189, 294295
Slack action, 240
Slackless draft gear packages, 254
Sleepers, 146
modelling, 159, 162, 169-171
resonances, 152
spacing, 154
vibrations, 169
Sliding, 126
Slippage, 153
Software packages, 3, 103, 263, 290, 330,
374, 508
see also simulations
Sound, 280-281
airborne transmission, 307-308
ground-borne vibration, 310-320
power level, 281
pressure level, 281
structure-borne transmission, 308—-309
see also Noise
Sound barriers, 295
Spalling, 130

Speed, 193, 438-441
braking, 270
Doppler effect, 439-440
flange climb derailment, 212
tilting trains, 199, 332
track panel shift, 229
Sperling ride index, 398
Spherical bearings, 45
Spherical centre bowl, 61 -62
Spin, 18, 110-111
Spin creepage, 99
Spring-damper system, 168
Springs
static forces, 366
see also Elastic elements
Squats, 130
Squeal noise, 282
Stability, 14, 17, 19-20, 27
analysis, 385-395
diagrams, 387
roller rigs, 460, 478479, 489-490, 494—497
498-502
Static gauges, 183
Statistical energy analysis (SEA), 310
Steady forces, 240
Steam locomotives, 12
Steel grade, 127
Steering, 10-12
active, 348
contact angles, 110
Steering moment, 222
Stephenson, G., 7
Stepping distances, 206
Stiffness, 154—155
Stochastic analysis, 372
Stockholm test case, 123—124
Storage security test, 481
Strain gauges, 430-433
Stress distribution, 105
Structural testing, 424
Structure-borne noise transmission, 308—309
Subballast, 146, 171175
Subgrade, 146, 162, 171-175
Sumitomo active suspension, 346—347
Surface based contact models, 103—107
Surface coatings, 138
Surface roughness, 283-285, 291, 375
Surface vibration propagation, 311-315
Surveyors, 448
Suspension
axlebox, 47
bogies, 46-47, 212, 234
central, 47
creep, 197
damping, 77-79
design, 25-28, 72-79, 321
modelling, 366—369
primary, 46
secondary, 46
semi-active, 328329, 344345
stiffness, 342
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vibration, 321
see also Active suspension
Sustained longitudinal vibration, 241
Sway, 195-196, 233, 454
Sweden, 377
Swept envelopes, 184
Swept gauges, 183
Switches, 158159, 228
Swivel pin, 12
System monitoring, 235

T

Tache ovale (cracks), 130
Talent trains, 333

Talgo train, 65

Tamping, 172

Tangential forces, 131
Tape circle, 42

Technical Specifications for Interoperability (TSIs), 280

Telescopic dampers, 54
TGV bogie, 58, 65
Theodolite, 448
Third body layer, 131
Three-axle vehicles, 11, 27
Throttle notch, 255
Tilt angle, 332
Tilt control methods, 334-338
Tilt lag, 200
Tilting bolster, 333
Tilting trains, 23, 197-201, 331-338
Time-domain techniques, 164—165
Time-stepping integration, 372—373
Torque, scaling, 518
Torsion springs, 48, 49
Track irregularities, 25, 369
Tracks, 143-175
alignment, 204, 211
components, 144 —146
curve radius, 127
deflection, 148
dynamics, 2, 147—165, 287288
embankment settlements, 155-157
fatigue, 396
frequency-domain techniques, 163164
function, 147
geometry, 25, 189190, 235, 369, 425
recording, 447-452
impact loads, 157-159
levels, 204
loading simulations, 381, 404
maintenance, 204
models, 159-163, 369-370
modulus, 173
noise, 293-295
nonlinear, 149150
panel shift, 228231
position, 189
receptance, 147
ride characteristics, 396—398
roller differences, 481-493

running behaviour, 395-396
settlement, 150, 172—175, 204
shifting force, 382, 403
stiffness, 154-155
superelevation, 9

tests, 232233

three-dimensional finite element models, 163

time-domain techniques, 164—165

tolerances, 204—205

vehicle interactions, 10

vibration, 150-151, 317-320
Traction, 255-259

braking, 271-272

chain dynamics, 412-414

forces, 224

rods, 40, 60
Trailing arm suspensions, 60
Train management, 269—-275
Trams

bogie designs, 71-72

embedded rail systems, 295
Transducers, 3, 442—443
Transmissibility, 317
Triboelectric effect, 429
Tribology, 2, 121-138
Tribometer, 132
Truck (see Bogie)
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TSIs see Technical Specifications for Interoperability

TTCI wheel climb distance criterion, 218—219

Tunnels, 134, 310, 315-317
Turnout (see switch)

TWINS software package, 290
Two-axle vehicles, 9, 26, 375, 390

U

UIC gauging methods, 185-187
Undulations, 270

Union Internationale des Chemins de Fer (UIC), 375

United Kingdom, 233

United States
AAR wheel climb duration limit, 218
derailments, 210
FRA wheel climb distance limit, 218
roller rig, 476477
track testing, 233

\%

Validation testing, 424
VAMPIRE simulation package, 201, 377
Variable conicity, 108
Vehicle-bridge interaction, 160
Vehicle-track interaction, 232, 361-371
Vehicles

bogied, 40

bogie-less, 40

component modelling, 361

design, 380

dynamics simulation, 379-415, 497-504

height, 196
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interior noise, 304-310 Wheel-rail geometry, 15-16, 24, 406
tolerances, 196-202 Wheel-rail pairs, 94
Vermeulen and Johnson method, 102, 374 Wheels, 46
Vertical alignment, 448 climb process, 212-214
Vertical collision posts, 266 damping noise, 291-292, 303
Vertical curvature, 191 dynamics, 285-287, 508
Vertical force, 404 field testing, 445447
Vertical loading, 10 flats, 157, 296-299
Vertical suspension, 73—-75 hollow, 211, 226
Vibration, 3, 163, 279-322 hollowing, 226, 231, 233
beams, 161 independent, 27, 112-113, 221-223, 234
carbody, 364 longitudinal curvature, 93
comfort, 320-322, 399 measuring forces, 436
cyclic, 241 noise, 292-293
roller rigs, 461, 491-493 out-of-roundness, 151, 154
rolling noise, 283 profiles, 24, 42, 212, 386, 425, 445-447
simulations, 399 surface roughness, 222
Vibration absorbers, 291 truing, 221
Vibration isolating tracks, 317-320 tyred, 46
Viscoelastic polymers, 168 unloading, 264, 452
Viscous damping, 51-53 see also Flanges
VOCO simulation code, 377 Wheelsets, 40—44, 87
active primary suspension, 347—348
angle of attack, 212-213, 219
W centre of gravity, 111
degrees of freedom, 87—88
Wagons design, 406
body pitch, 264265 equilibrium, 115-116
connections, 243-255 flexibility, 365
dynamics, 264266 force-measuring, 433-438
see also Vehicles geometry, 95
Walking floors, 322 hunting, 347
Watts linkage, 62, 80 independently rotating, 349-350
Wear, 122, 125-127 modelling, 362, 365
corrugations, 153 movement, 202-203
simulation, 404 -406 solid-axle, 349
wheel, 196, 231 stability, 75
Wear number, 77 suspension forces, 95
Wedge angle, 251 wheel flats, 157
Wedge test, 34 yaw, 24, 79
Weinstock criterion, 216-217 Wickens, A.H., 375
Wheatstone bridge, 432 Wind curves, 410
Wheel methods, 436 Winkler beam, 159, 173

Wheel-rail contact, 86—118, 202

assessment, 231-232

conformal contact, 44

contact zone, 122-125, 385 X
derailments, 211
flange climb, 221, 233
flange lubrication, 228
lubrication, 235

X2000 train, 67

modelling, 160, 370-371, 385, 516 Y

noise, 282, 288-289

single point contact, 44 Y25 bogie, 71
surface roughness, 283 Y33 bogie, 71
tribology, 121-138 Yaw, 197, 233, 234

two point contact, 44 Yaw angle, 87, 497



