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A

AAR, see Association of American
Railroads (AAR)
ABAQUS FE rail modelling, 241
ABAQUS software package, 89
ABB, see ASEA Brown Boveri (ABB)
AC, see Alternating current (AC)
Acceptance tests, 24-25
ADAMS, see Automatic Dynamic Analysis of
Mechanical Systems (ADAMS)
Adams/Controls plug-in, 253
ADAMS/Rail software, 120;
see also Simulink
rail simulations, 120-121
for rail vehicle dynamics, 253-254
rail vehicle engineers using, 121
Advanced simulation methodologies, 277;
see also On-line simulation
complex tasks and solutions, 277-278
real-time simulation, 300-308
Aerodynamics, 88
Air brakes, see Pneumatic brakes
Air resistance, 191; see also Propulsion
resistance
Air spring, 13, 55, 63
elements, 111-112
installation, 60
secondary suspensions with, 111
suspension, 58, 60
Alternating current (AC), 34
electric traction for AC
locomotive, 73, 74
traction, 71-72
American Public Transport Association
(APTA), 23
APTA, see American Public Transport
Association (APTA)
ASEA Brown Boveri (ABB), 30
Association of American Railroads
(AAR), 23
Augmented formulation, 106-107
Autocoupler, 21
draft gear in, 22
freight wagon, 21
Automatic Dynamic Analysis of Mechanical
Systems (ADAMYS), 120, 253
Autonomous rolling stock, 31
Axle box, 17, 53, 54, 59
Axle load, 32, 242

B

Ballast, 203, 215-216
ballast—subballast pyramid
submodel, 124, 214
damping coefficients of, 215
effects on vehicle dynamics, 92
vibration of, 214
Bathtub, 10
BCP, see Brake cylinder pressure (BCP)
Beams on elastic foundation theory
(BOEEF theory), 203
Bearing box, see Axle box
Bearings, 15
axle box, 17
types, 17
wheelset, 16
Bifurcation point, 231
Bilevel car design, 36
BOEEF theory, see Beams on elastic foundation
theory (BOEF theory)
Bogies, 14, 52
centre-bowl, 14
FEM analysis, 15
heavy haul locomotive three-axle
bogie, 54
monomotor, 55
passenger wagon, 14
radial steering of wheelsets, 54
rail vehicle bogie, 53
strain instrumentation, 4
three-piece bogie, 14
three-piece freight bogie, 15
Bottom dump wagons, 9; see also
Freight wagons
Bounce test, 25; see also Curving test;
Roll test; Twist test
BPP, see Brake pipe pressure (BPP)
Brake cylinder pressure (BCP), 152
Brake cylinders, 18
Brake modelling, 84
disc brakes, 88
ECP brakes, 87
pneumatic brakes, 85-86
wheel brakes, 87
Brake pipe, 18
fluid models use, 86
models, 168, 169
pneumatic brakes, 85, 87
Brake pipe pressure (BPP), 152

313
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Braking system, 18, 33, 67
air brake delay, 20
air brake system, 68
artificially controlled resistance force, 67
brake cylinder arrangements, 19
characteristics, 75-76
components of, 68—69
DB system, 69
electromagnetic brakes, 69
electronic—pneumatic-type brakes, 20
freight wagon brake cylinder, 19
on freight wagons, 18
heavy haul freight wagon, 19
rail brake, 70
types, 67
Bridge modelling, 91
gradual lead-in to bridges and culverts, 93
rail stiffness, 92
track pumping, 92
Buckling effect, 179
Bush element, 112

C

Camborne road engine, 27
Car bodies, 38, 51-52
Cars, see Unpowered rail vehicle design
Caterpillar Inc., 75
CEM, see Crash energy management (CEM)
CEN, see European Committee for
Standardization (CEN)
Centre, 1
Centre for Railway Engineering (CRE), 1, 123
active steering bogie, 6
bogie rotation test rig, 2
bogie strain instrumentation, 4
data recorder, 6
full-scale laboratory test, 3
Heavy Testing Laboratory, 1, 2
investigations, 3
projects, 4
solar cell, 5
telemetry antenna, 5
Wheelset-driven generator unit, 5
Centre for Railway Engineering (CRE), 1, 123
active steering bogie, 6
bogie rotation test rig, 2
bogie strain instrumentation, 4
data recorder, 6
full-scale laboratory test, 3
Heavy Testing Laboratory, 1, 2
projects, 4
solar cell, 5
telemetry antenna, 5
theoretical and experimental
investigations, 3
Wheelset-driven generator unit, 5

Index

Centre for Railway Engineering—
Longitudinal Train Simulator
(CRE-LTS), 3, 123

Centre for Railway Engineering—Three-
dimensional Wagon-Track System
Dynamics Model (CRE-3DWTSD
Model), 123, 125

Centre pivots, 64

low-positioned centre pivot assembly, 65
with spherical joints, 65, 66
wheels in horizontal plane, 64
Co-simulation interface design, 255
client user interface settings, 273
flow chart for, 258
Gensys and Simulink implementation,
269-275
in GENSYS, 256-257
in MATLAB, 257
parameters for power car model, 269
power car Gensys multibody model, 270
power car simulation results, 274
power car traction control system, 271, 272
in Simulink, 257-269
traction control subsystem for one axle, 273
with TCP/IP, 256
Co-simulation process, 249
MATLAB/Simulink and multibody
software packages, 250-255
multi-disciplinary simulation, 250
of whole system, 249

CodeExport technique, 252

Coil spring suspension, see Helical spring
suspension

Comfort ranking, 230

Conicity, 16

Continuous comfort, 229

Conventional auto-couplers, 153

conventional auto-coupler assembly, 153
coupler slack modelling, 154

linear wagon connection model, 156

wagon connection model, 154, 155, 157-159

Corrugation, 241

Cosim_server 51717, 256

Coupler angles, 175, 176

calculation, 178-179

simulation results, 181

for various vehicle combinations, 177
Coupling, 20; see also Wagon

free slack, 129, 162

freight wagon autocoupler, 21

freight wagon solid drawbar, 22

longitudinal damping, 21-23

mechanism, 21

mechanism, 21; also Wagon

Crash energy management (CEM), 18

CRE, see Centre for Railway Engineering
(CRE)
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CRE-LTS, see Centre for Railway Engineering—
Longitudinal Train Simulator
(CRE-LTS)

Creepage, 205-208

Critical speed, 25

Curving performance, 236

curving stability, 237

horizontal and vertical curve
negotiation, 236

interlinked stages, 238

limiting curves, 236

limiting wheel lift ratios, 237

twist test, 237

Curving resistance, 140, 143

Curving test, 25; see also Bounce test; Roll test;
Twist test

D

D’Alembert’s principle, 104-105
Dampers, 61-62
DB, see Dynamic braking (DB)
DC, see Direct current (DC)
Deep shelling, 239
DEMU, see Diesel-electric multiple
unit (DEMU)
Derailment, 224
investigation, 115
limiting L/V ratios, 225
Nadal formula, 224-225
ratio, 225
simulation, 226, 227
wheel-rail contacts, 228, 229, 230
due to wheel flange climb, 224
DHMU, see Diesel-hydraulic multiple
unit (DHMU)
Diesel-electric locomotives
manufacture, 28-29
Diesel—electric multiple unit (DEMU), 42
Diesel-hydraulic multiple unit (DHMU), 42
Diesel locomotives, 38; see also
Hybrid locomotives
autonomous rail-powered vehicles, 38
component for diesel-electric
locomotive, 39
electric power transmission, 41
for heavy haul locomotive, 40
power plant using, 39
working principle, 38-39
Diesel-mechanical multiple unit (DMMU), 42
Diesel multiple unit (DMU), 42; see also
Electrical multiple unit (EMU)
categories, 42
configuration application, 42
for motorised passenger car, 43
underframe power plant location, 44
Diesel traction, 28-29
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Direct current (DC), 34
DC traction, 71
Disc brakes, 88; see also Wheel brakes
Discretely supported model (DSM), 203
DLL, see Dynamic Link Library (DLL)
DMMU, see Diesel-mechanical multiple
unit (DMMU)
DMU, see Diesel multiple unit (DMU)
DOFs, see Six degrees of freedom (DOFs)
Doubledeck coach design, 36
Draft gear, 32, 153, 157
drop hammer tests, 156
friction-type draft gear unit, 153, 154
polymer and elastomer draft gear units, 154
Drawbars, 160-161
Drive, individual, 41, 55
DSM, see Discretely supported model (DSM)
Dynamic braking (DB), 69, 134, 166
characteristics, 137-138
locomotive traction, 139-142, 145-148
model, 136-142
notch level, 134
single vehicle model, 133
systems, 69
tractive effort performance curves, 135, 136
tractive effort thermal derating curve, 135
use, 136
Dynamic clearance envelope calculations, 116
Dynamic Link Library (DLL), 252
Dynamic model elements, 94
Dynamics, 104
of bodies, 79
bounce model, 80, 81
D’Alembert’s principle, 104-105
equations, 106—8
freight wagon model, 80
Lagrange’s equation, 105-106
Newton—Euler equations, 104
pitch model, 81
rail vehicle, 79-82
roll vibration mode, 81
train, 82—-83

E

ECP brakes, see Electronically controlled
pneumatic brakes (ECP brakes)
EDS, see Electrodynamic suspension (EDS)
Elastic wheel, 57
Electric locomotive, 29-30, 33
brushless DC electric and AC motors, 36
component locations for AC, 35
electrical power supply system, 33
electrification systems, 34
non-autonomous locomotive, 33
traction motors types, 35
types, 34
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Electrical multiple unit (EMU), 36
under frame equipment locations, 37
powered train, 36
primary means of passenger transport, 38
suburban trains, 37
train configurations, 36
Electrical traction, 29-30
Electrodynamic suspension (EDS), 50
Electromagnetic brakes, 69
Electromagnetic suspension (EMS), 49
Electro-mechanical suspension, 61; see also
Air spring suspension
Electronically controlled pneumatic brakes
(ECP brakes), 87, 195
Elements, 108
constraint elements, 112
inertia elements, 109
rail vehicle modelling axis system, 108
suspension elements, 109-112
EMS, see Electromagnetic
suspension (EMS)
EMU, see Electrical multiple unit (EMU)
Energy, 67, 69
considerations, 191-192
consumption, 193
Engineering analysis, 277
Euler equations, 104
European Committee for Standardization
(CEN), 226

F

Fasteners, 203

Fatigue analysis, 82

Federal Transit Authority (FTA), 23

Field testing, 278

Finite element method (FEM), 88, 203
analysis, 15
and anti-ride-up device, 90
insulated rail joint, 91
meshed model examples, 91
of rail, 90-91
of rail vehicle structure, 89-90
reducing modelling problem, 88
time-dependent models, 88—89
time-independent models, 88
2D FEM, 89

Flanging, 15

Flat50-new rail, 232
and ANZR1, ROA_worn and W_7

wheel profiles, 232

Flat50-new/ANZR1 contact, 234
wheel-rail contact parameters for, 233

Flexi-coil suspension, 58; see also Air spring

suspension
Fluid modelling techniques, 85
FRA, see Railroad Administration (FRA)

Index

Freight rolling stock, 31
formulas for propulsion resistance, 142
propulsion resistance equations, 143
Freight wagons, 9, 80
autocoupler, 21
brake cylinder, 19
braking system, 18
general, 10, 11
heavy haul, 9, 17, 19
mixed, 18
modern, 19, 21
secondary suspension, 13
solid drawbar, 22
three-piece bogies in, 13, 14
FTA, see Federal Transit Authority (FTA)

G

Gas shock absorbers, 62
Gas turbine—electric locomotives, 45, 46
Gate turn off thyristors (GTO), 72
GENSYS software, 116
bogie test rig model, 302
co-simulation interface description,
256-257
multibody code, 299
multibody model in, 282
passenger car model, 118
power car Gensys multibody model, 270
pre-processors in, 117
programs in, 116
rail vehicle dynamic analysis
applications, 117
SIMFO-L taking lateral, 116
SIMFO-V taking longitudinal, 116
simulation results, 300
track modelling in, 285
GETS, see Ground effect transport
system (GETS)
GLPLOT program, 117
GPLOT program, 117
Gravitational components, 144
brake vehicle model with grades, 145-148
track grades, 144
Ground effect transport system (GETS), 77
Group drive, 41
GTO, see Gate turn off thyristors (GTO)

H

Hardware-in-the-loop simulation (HILS), 301
Heavy haul freight wagons, 9, 17-18

brake equipment, 19
Heavy haul locomotive

for dry friction condition, 286

general arrangement for, 40

primary suspension design, 59
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suspension design with flexi-coils, 59
three-axle bogie of, 54
Heavy haul trains, 195
control strategies, 166
dimensions of wagons, 177
hypothetical, 184
pushing limits of train design, 195-196
safe operation, 194
Helical spring suspension, 58; see also
Air spring suspension
Hertz static contact theory, 209
Heun method, see Runge—Kutta method
High-speed passenger train, 12
HILS, see Hardware-in-the-loop
simulation (HILS)
Hopper wagons, 9
Hose bag, 18
Hunting, 16, 206
Hybrid locomotives, 45, 48
advantages, 49
charge process, 45, 47
classification and mechanism, 47
disadvantages, 48
hybrid-powered freight train, 48
for switching operation, 47
Hybrid-powered freight train, 48
Hydraulic dampers, 62
Hydraulic suspension, 60-61
Hydraulic test equipment, 1
behaviours, 1, 3
bogie rotation test rig, 2
laboratory environment, 2
Hydraulic transmission, 41

IGBT, see Insulatedgate bipolar transistors (IGBT)

Improved traction, 75-76
In-house packages, 123
CRE-3DWTSD model, 123-126
CRE-LTS, 123
longitudinal train modelling, 123
track model, 125
wagon model, 124
Inductrack suspension, see Permanent
magnets suspension
Inertia elements, 109
Insulatedgate bipolar transistors (IGBT), 72
International Organisation for
Standardization (ISO), 23
International Union of Railways (UIC), 23
Iron highway, 26

J

Johnson-Vermeulen theory, 206, 208
Journal adapter, see Axle box

K

Kalker’s linear theory, 206, 208
Kinematics, 102
rigid-body, 102
spatial analysis, 104
velocity vector, 103

L

Lagrange’s equation, 105-106
Lateral instability, 231
bifurcation diagram, 231
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Flat50-new-W_7 wheel-rail contact, 234, 235

rail profile, 232

three-piece wagon modelling, 232
wheel profile, 233

wheel-rail contact parameters, 233

Lateral/vertical wagon dynamics, 170; see also

Longitudinal train dynamics
longitudinal train interaction, 170
rollover on curves, 175-180
wagon body, 180, 182-186
wagon bogie pitch, 180, 182-186
wagon lift off, 186188
wheel climb, 175-180
wheel unloading, 172

Leaf spring suspension, 58; see also

Air spring suspension

Linear wagon connection model, 156
Linkages, 67
LMAP, see Locomotive model acceptance
procedure (LMAP)
Loading gauge, 32
“Locomotion No 17, 27
Locomotive bogie test rig model, 301
connections, 302, 303, 304
constraints on bodies, 302
in Gensys multibody software, 302
issues in, 304
parameters for, 303
wheelset, 304
Locomotive electric traction, 70
AC traction, 71, 72-74
DC traction, 71, 72
Locomotive model acceptance procedure
(LMAP), 242
Locomotives, 27
on bogie frame, 64
bogies, 52-54
brake system and devices, 67-70
Camborne road engine, 27
centre pivots, 64—66
components and systems, 51
design, 72-77
diesel-electric locomotive
manufacture, 28-29
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Locomotives, (Continued)
diesel traction, 28-29
electrical locomotives, 29-30
electrical traction, 29-30, 70-72
frame and bogies connection, 64
frames and bodies, 51-52, 53
heavy haul locomotive three-axle
bogie, 54
links and linkages, 67
magnetic levitation locomotives, 30
side bearers, 66
steam locomotives, 28
suspension system, 57-63
traction drives, 55-57
traction rods, 67
Locomotive traction, 134
notch level, 134
single vehicle model, 133
traction characteristics, 137
tractive effort performance curves, 135, 136
tractive effort thermal derating curve, 135
Locomotive traction drives, 55
design and parameters, 55
frame-mounted traction motor, 56
monomotor bogie, 55
providing independent rotation, 57
Locomotive traction dynamic brake
vehicle model
with curves, 147, 148
with grades, 145, 146, 147, 148
Simulation results, 140, 142
in Simulink, 137, 138, 139, 141
Long haul passenger wagon, 11
Longitudinal comfort, 188
passenger comfort acceleration limits, 190
passenger comfort displacement
limits, 190
train accelerations, 189
Longitudinal damping, 21
draft gear impact, 22-23
by elastomeric elements, 21
Longitudinal train, 170; see also Longitudinal
train dynamics
lateral/vertical wagon dynamics
interaction, 170
modelling, 123
rollover on curves, 175-180
wagon body, 180, 182-186
wagon bogie pitch, 180, 182-186
wagon lift off, 186-188
wheel climb, 175-180
wheel unloading, 172
Longitudinal train dynamics, 129
design considerations, 195-196
energy considerations, 191-192
longitudinal comfort, 188-191
motions of rolling stock vehicles, 129

Index

train control, 192-195
train management and drivi ng
practices, 192-195
train models, 130-133
Longitudinal train dynamics simulation, 279;
see also Real-time simulation
in the CRE-LTS package, 280
track geometry for, 280
Low-positioned centre pivot assembly, 65

M

Magnetic levitation locomotives, 30
Magnetic levitation train, 49
advantages, 51
EDS principles, 50
EMS principles, 49
inductrack principles, 50
non-autonomous train, 49
Mass elements, see Inertia elements
MATLAB/Simulink software
co-simulation with Multibody
software packages, 250
Simpack, 251-253
Simulink, 251-253
universal mechanism, 254-255
Vampire and Simulink, 254, 255
VI-Rail and Simulink, 253-254
MatSIM technique, 252, 253
MBD, see Multibody dynamics (MBD)
MBS, see Multibody simulation (MBS)
mdlTerminate function, 268
Modelling vehicle inputs, 133; see also
Longitudinal train dynamics
brake pipe and cylinder responses, 149
curving resistance, 140, 143
dynamic braking, 134-138
freight rolling stock, 142
gravitational components, 144
locomotive traction, 134-138
passenger rolling stock, 143
pneumatic brake models, 144, 146, 148—150
propulsion resistance, 138, 140
single vehicle model, 133, 134
three-vehicle ECP air brake model, 152, 153
three-vehicle train air brake model, 151
train air brake model, 152
train configurations, 161-162
train dynamics model development, 162170
triple valve cylinder model, 149, 150
wagon connection models, 150, 153161
Modified Newmark- method, 218-219
MPLOT program, 117
MSC.ADAMS, 253
co-simulation with Simulink, 254
Multi-system performance, 29
Multibody dynamics (MBD), 101, 120
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ADAMS/Rail, 120-121
benchmarks and comparisons, 126
dynamics, 104-108
elements, 108-112
GENSYS, 116-118
in-house packages, 123-126
kinematics, 102-104
NUCARS, 114-116
rail vehicle dynamics, 101
rigid body vs. flexible body, 112-113
SIMPACK, 121-122
software for rail vehicle dynamics, 113
subsystems collection, 101
UM, 122-123
VAMPIRE, 118-120
Multibody simulation (MBS), 121
Multibody software packages
co-simulation between MATLAB/
Simulink, 250
Simpack, 251-253
Simulink, 251-253
universal mechanism, 254-255
Vampire and Simulink, 254, 255
VI-Rail and Simulink, 253-254
Multibody wagon model creation and
verification, 280
constraints on bodies, 283
hypothetical track data, 281
lateral coupler force results, 281, 282
multibody model in Gensys, 282
time-stepping analysis, 285
track modelling in Gensys, 285
wagon modelling approach, 283
wagon subsystem parameters, 284
WMAP tests, 286

N

Nadal formula, 224-225
Newton equations, 104
Newton—Euler equations, 104, 113
Nodes, 88
Non-autonomous rolling stock, 31
NUCARS, 114
general areas, 114-115
special areas, 115-116
Numerical integration methods, 216
comparison, 220-222
improved fourth-order Runge—Kutta
method, 217-218
model parameters for examining solution
techniques, 221
modified Newmark-$ method, 218-219
numerical integrators, 95
Runge—Kutta—Fehlberg method,
222,223
in time domain available, 217
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2D single wheel/single layer track
model, 220

(0]

On-line simulation, 278; see also Advanced
simulation methodologies;
Real-time simulation

adhesion and variable friction
coefficients, 295

adhesion vs. longitudinal creepage, 294

constraints on bodies, 283

coupling elements, 298

and experimental data, 286, 289

FRA class 5 irregularities, 289

Gensys multibody code, 299

Gensys simulation, 300

hypothetical track data, 281

lateral coupler forces, 290

longitudinal train dynamics, 279-280

MATLAB, 294

maximum adhesion coefficient
dependence, 297

multibody wagon model creation, 280-286

non-linear stability analysis, 288

parameters, 295, 296, 298

Polach’s model, 289

results for model, 296

running safety simulation results,
291, 292, 293

simulation methodology, 278-279

train masses, 280

visual model check in Gensys GPLOT, 287

wagon dynamics simulation, 286, 289

wagon subsystem parameters, 284

wheel and rail profiles, 297

Ordinary differential equations (ODE), 251

P

Pantograph modelling, 93
one-degree-of-freedom, 94
pantograph—catenary system, 93

Passenger car model, 118

Passenger rolling stock, 31
formulas for propulsion resistance, 143

Passenger wagon bogie, 14

Permanent magnets suspension, 50

PILS, see Processor-in-the-loop

simulation (PILS)
Pneumatic brake models, 144, 146, 148; see also
Dynamic braking (DB)
brake pipe and cylinder responses, 149
three-vehicle ECP air brake model, 152, 153
three-vehicle train air brake model, 151
train air brake model, 152
triple valve cylinder model, 149, 150
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Pneumatic brakes, 85; see also Wheel brakes
brake valve, 86
empirical lookup table, 85
train pneumatic brake model, 85, 86
Pneumatic spring suspension, see Air
spring suspension
Polach model, 289
model parameters for adjustment, 305
Runge—Kutta method, 304, 305
variable friction coefficient in, 289
Power braking, 129-130
Power car
Gensys multibody model, 270
simulation results, 274
in Simulink, 272
traction control system, 271
Powered rolling stock, 30, 31
Powered traction vehicle, 51
Processor-in-the-loop simulation (PILS), 301
Propulsion resistance, 138, 140
freight rolling stock, 142
passenger rolling stock, 143
Pulse width modulation (PWM), 72
PWM, see Pulse width modulation (PWM)

R

Rail brake, 70
Rail Industry Safety and Standards
Board (RISSB), 23
Rail profile, 232, 233
Rail ride comfort, 226, 228
comfort ranking, 230
continuous comfort, 229
standards, 226
Railroad Administration (FRA), 23
Rail track, 91, 201, 203
ballast, 203
classification, 204
gradual lead-in to bridges and culverts, 93
modelling, 92, 201
pumping, 92
rails support, 202-203
rail stiffness, 92
Rail vehicle, 79, 101, 199, 200
analysis, 82
bogies classification, 200, 202
bounce model, 80, 81
freight wagon model, 80
as individual bodies, 79
modelling, 108, 199-201
pitch model, 81
roll vibration mode, 81
single wheel model, 202
Rail vehicle modelling techniques, 79, 93
aerodynamics, 88
brake modelling, 8488

Index

bridge modelling, 91-93
dynamic model elements, 94
dynamics of bodies, 79-83
FEM, 88-91
insulated rail joint, 91
numerical integrators, 95
one-degree-of-freedom pantograph
model, 94
pantograph modelling, 93
rail track, 91-93
rail vehicle modelling, 79
sub-structure, 91-93
wheel-rail contact patch, 83-84
Rail vehicle—track interaction dynamics, 199
numerical integration methods, 216-222
rail track dynamics, 201-204
rail vehicle dynamics, 199, 200-201
vehicle acceptance simulations, 242-243
vehicle—track interactions, 238-242
wheel-rail contact modelling, 204-210
WTSD, 210-216
Railways of Australia (ROA), 23, 233
Rayleigh—Ritz method, 113
RCEF, see Rolling contact fatigue (RCF)
Real-time simulation, 300
bogie test rig model, 302, 303
calculation time results for, 306, 308
constraints on bodies, 302
HILS approach, 301
linear approach, 308
longitudinal slips for, 307

parameters for Polach model adjustment, 305

simulation results, 305
traction control system, 306
wheel-roller contact implementation, 304
Regenerative brake, 69
REPOS, see Road Environment Percent
Occurrence Spectra (REPOS)
Rheostatic brake, 69
RISSB, see Rail Industry Safety and
Standards Board (RISSB)
ROA, see Railways of Australia (ROA)
Road Environment Percent Occurrence
Spectra (REPOS), 3
Rolling contact fatigue (RCF), 116, 238
categories, 239
cracks initiation and growth, 238
defects in rail, 239
reduction criteria, 240
shakedown diagram, 240
Roll test, 24; see also Bounce test
Curving test; Twist test
Rubber-absorbing elements, 62
Rubber dampers, 62
Rubber spring, see Side bearer pads
Run-ins, 129
Run-outs, 129
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Runge—-Kutta—Fehlberg method, 217, 222, 223
Runge—Kutta method, 82

fourth order, 217-218, 222, 223

for Polach model, 304, 305

S

S-function mechanism, 257
C-MEX Template file, 260
client user interface for, 259
macro substitutions, 260-269
Series to parallel connection (SP connection), 71
Shattered rims, 239
Shear spring elements, 112
Shelling, 239
Shock absorbers, see Hydraulic dampers
Shunting locomotives, 38
Side bearers, 15
constant contact, 15, 16
types, 66
Signalling and Safety system, 33
Sills, 12
SILS, see Software-in-the-loop simulation (SILS)
SIMAT interface, 251, 252
Simpack software, 121-122, 251-253
Simulink software, 250-251
co-simulation design interface in, 257
in co-simulation mode, 251
Gensys and, 267, 271
with grades and curves, 147
locomotive traction dynamic brake
model, 139, 141
S-function block in, 259
SIMAT interface, 251, 252
single vehicle model, 133
three-vehicle ECP air brake model, 152
three-vehicle train air brake model, 151
three-vehicle train model, 163, 165, 171
track grades with, 144, 145
triple valve function, 148, 149
Universal Mechanism and, 254, 255
Vampire and, 254, 255
VI-Rail and, 253
Single vehicle model, 133
simulation results, 134
in Simulink, 133
Six degrees of freedom (DOFs), 101, 104, 210
Slack adjuster, 20
Slackless packages, 160
Slip controller, 272, 306
Software-in-the-loop simulation (SILS), 301
Solar cell, 5
Spalling, 239
Spatial analysis, see Three-dimensional analysis
SP connection, see Series to parallel
connection (SP connection)
Standard gauge, 27
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Stephenson gauge, 27
Stiffness element, 109
Stringlining effect, 179
Sub-structure, 91, 93
Subballast, 203
ballast—subballast pyramid submodel, 124, 214
damping coefficients of, 215
effects on vehicle dynamics, 92
Suspension
individual, 58
passive, 62
Suspension, active, 62
actuators, 63
functions, 62—63
tilting suspension system, 63
Suspension elements, 109
bumpstop element, 109, 110
damper element, 110
friction element, 110, 111
pinlink element, 111
shear spring elements, 112
stiffness element, 109
Suspension system, 57; see also Brake system
active suspension, 62—-63
air spring suspension, 58—60
combinations of, 62
dampers, 61-62
electro-mechanical suspension, 61
with flexi-coils, 59
helical spring suspension, 58
hydraulic suspension, 60-61
leaf spring suspension, 58
primary suspension design, 59
of rail vehicles, 57
Switchers, see Shunting locomotives

T

Tank wagons, 11
TCP/IP, see Transmission Control Protocol/
Internet Protocol (TCP/IP)
Telemetry antenna, 5
Three-dimensional analysis, 104
Three-dimensional wagon-track system
dynamics (WTSD), 210
track subsystem, 212-216
wagon subsystem, 210-212
Three-mass train model, 131
Three-piece bogie, 13, 14, 199, 201
freight bogie, 15
Three-vehicle train model, 163
air brake model, 151
and brake system, 171, 172
non-linear connections, 167
simulation results, 164, 166
with vehicle details, 165
Time-dependent models, 88—89
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Time-independent models, 88
Tippler wagon, 10
Track brake, see Rail brake
Track component design, 115
Track gauge, 32
Track subsystem, 212
ballast and subballast, 215
comprises two rails, 212
dynamic equilibrium for track
equations, 216
sleepers, 214
using Timoshenko beam theory, 213
Traction motors, 35
Traction rods, 67
Traction rolling stock, 30; see also Locomotives
absorbing device types, 32-33
designing limitations, 32
diesel locomotives, 38—41
DMU, 42-44
electric locomotive, 33-36
EMU, 36-38
gas turbine—electric locomotives, 45, 46
hybrid locomotives, 45-49
magnetic levitation train, 49-51
passenger rolling stock, 31
powered rolling stock, 30, 31
reduces shock loadings, 33
Tractive effort
characteristics, 272
maximum continuous, 135
performance curves, 135, 136
thermal derating curve, 135
Train control, 192
braking scenarios, 195
in-train forces, 194
mixed freight train, 193
parameters, 193
Train dynamics model development, 162
brake pipe model, 168
coupler slack effect, 164
coupling free slack, 162
dynamic brake, 166
simulation results, 169, 170, 173, 174
three-vehicle train model, 163, 164,
165, 171, 172
wagon connection model
response, 167, 168
Train management and driving practices, 192
braking scenarios, 195
in-train forces, 194
mixed freight train, 193
parameters, 193
Train models, 82, 130, 132
differential equations system, 130
forces calculation, 133
linear wagon connection model, 131
longitudinal train model, 82, 83

Index

non-linear modelling of system, 132
rolling resistance forces, 82
three-mass, 131
Transmission Control Protocol/Internet
Protocol (TCP/IP), 251
architecture for co-simulation
process, 256
MSC. ADAMS and Simulink
co-simulation, 254
Twist test, 24, 237
2D single wheel/single layer track model, 220

U

UIC, see International Union of
Railways (UIC)
Underframe, see Wagon frame
Universal Mechanism (UM), 122
and Simulink, 254, 255
UM Loco, 122-123
Unpowered rail vehicle design, 9
acceptance tests, 24-25
advances in rail vehicle design, 26
bearings, 15-17
bogies, 14-15
braking system, 18-20
constant contact side-bearer, 16
coupling, 20-23
passenger wagon bogie, 14
standards, 23-24
suspension elements, 13-14
three-piece bogie friction wedges, 14
wagons, 9-12, 17-18
wheelset, 15-17

\%

Vactrains, see Vacuum train
Vacuum train, 77; see also Magnetic levitation
train
VAMPIRE software, 118, 254, 255
and GENSYS126
pre-and post-processors in, 119
VAMPIRE Pro, 119
wagon model with three-piece bogies, 120
Vehicle certification, 115
Vehicle Design Optimisation, 114-115
Vehicle dynamic performances, 224; see also
Rail vehicle—track interaction
dynamics
curving performance, 236-238
derailment, 224-226
lateral instability, 231-235
rail ride comfort, 226, 228-230
Vehicle ride quality, 115
Vehicle—track interactions, 238
rail and wheel wear, 240-241
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RCEF cracks initiation and growth, 238-240
rolling contact fatigue, 239
shakedown diagram, 240, 242

w

W_7 profile, 233
Wagon, 9
bathtub gondola-type coal, 10
components, 9, 10
dynamic model, 182
frame, 11-12
freight container, 11
high-speed passenger train, 12
long haul passenger, 11
model, 124
Wagon bodies, 17-18, 180
compressive coupler forces, 184
coupler forces, 185
operational data, 184
selected axle force data, 187
for train trip simulations, 182
wagon dynamic model, 182
zoom-in on axle force data, 186, 187
‘Wagon bogie pitch, 180
compressive coupler forces, 184
simplified wagon pitch models, 183
with three pitch motions, 182
Wagon connection models, 150, 154, 155
auto-couplers and draft gear
packages, 153-159
drawbars, 160-161
mild impact loading, 158
non-linear connection, 168

passenger and freight wagon draft gears, 159

shunt impact, 158
slackless connection, 160
slackless packages, 160
slow loading, 157
Wagon lift off, 186
coupler forces, 188, 189
train simulation results for coupler
forces, 187
wagon pitch model, 188
Wagon model acceptance procedure
(WMAP), 242,279
Wagon subsystem, 210
force—displacement relationships, 212
suspension force, 211
wagon model, 211

323

WEL, see White etching layer (WEL)
Wheel and rail profile, 84, 297
Wheel and Rail Profile Design
Optimisation, 115
Wheel-burns, 238
Wheel brakes, 87
Wheel climb, 175
coupler angles, 175, 176
coupler angles calculation, 178—179
coupler angles for vehicle
combinations, 177
quasi-static bogie, 179, 180, 181, 182
simulation results, 181
train with remote-controlled
locomotives, 178
Wheel profile, 233
Wheel-rail contact modelling, 204
Cartesian coordinate system, 205
creepage, 205, 207
using Hertz static contact theory,
209, 210
Kalker’s linear theory, 206, 208
rail, 207
single-point contact, 209
wheelset coordinate system, 206
Wheel-rail contact patch, 83
contact force, 84
modelling rail vehicles, 83
multiple-point wheel-rail contact
model, 85
railhead surface fatigue cracks, 84
two-point contact and angle of
attack, 84
Wheel-rail lubrication studies, 115-116
Wheelset, 15, 41, 109, 211, 304
bearings, 16, 17
coned, 205
conicity, 16
coordinate system, 206
lateral displacement, 234
mass, 80
wheel profile, 16
wheelset-driven generator unit, 5
White etching layer (WEL), 239
Wind loading, 93
Wind overturning, 25
WMAP, see Wagon model acceptance
procedure (WMAP)
WTSD, see Three-dimensional wagon-track
system dynamics (WTSD)



