




CISM COURSES AND LECTURES

Series Editors:

The Rectors
Giulio Maier - Milan

Jean Salençon - Palaiseau
Wilhelm Schneider - Wien

The Secretary General
Bernhard Schrefler - Padua

Executive Editor
Paolo Serafini - Udine

The series presents lecture notes, monographs, edited works and
proceedings in the field of Mechanics, Engineering, Computer Science

and Applied Mathematics.
Purpose of the series is to make known in the international scientific
and technical community results obtained in some of the activities

organized by CISM, the International Centre for Mechanical Sciences.



INTERNATIONAL CENTRE FOR MECHANICAL SCIENCES

COURSES AND LECTURES - No. 497

DYNAMICAL ANALYSIS 
OF VEHICLE SYSTEMS

THEORETICAL FOUNDATIONS
AND ADVANCED APPLICATIONS

EDITED BY

WERNER SCHIEHLEN
UNIVERSITY OF STUTTGART, GERMANY



This volume contains 226 illustrations  

This work is subject to copyright.
All rights are reserved,

whether the whole or part of the material is concerned
specifically those of translation, reprinting, re-use of illustrations,

broadcasting, reproduction by photocopying machine
or similar means, and storage in data banks.

© 2007 by CISM, Udine
Printed in Italy
SPIN 12068067

All contributions have been typeset by the authors.

ISBN 978-3-211-76665-1 SpringerWienNewYork





CONTENTS 

Vehicle and Guideway Modelling: Suspension Systems 
by W. Schiehlen . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 

Dynamics of Railway Vehicles and Rail/Wheel Contact 
by H. True . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 75 

Tyre Models, Propulsion and Handling of Road Vehicles 
by P. Lugner . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  129 

Dynamics of Motorcycles: Stability and Control 
by R. Sharp . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  183 

Control of Rail Vehicles: Mechatronic Technologies 
by R. Goodall . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  231 

RailCab System: Engineering Aspects 
by J. Lückel et al.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 237 

Advanced Road Vehicles: Control Technologies, Driver Assistance 
by D. Ammon and W. Schiehlen . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  283 





2 Vehicle and Guideway Modelling: Suspension Systems



W. Schiehlen 3



4 Vehicle and Guideway Modelling: Suspension Systems



W. Schiehlen 5



6 Vehicle and Guideway Modelling: Suspension Systems



W. Schiehlen 7



8 Vehicle and Guideway Modelling: Suspension Systems



W. Schiehlen 9



10 Vehicle and Guideway Modelling: Suspension Systems



W. Schiehlen 11



12 Vehicle and Guideway Modelling: Suspension Systems



W. Schiehlen 13



14 Vehicle and Guideway Modelling: Suspension Systems



W. Schiehlen 15



16 Vehicle and Guideway Modelling: Suspension Systems



W. Schiehlen 17



18 Vehicle and Guideway Modelling: Suspension Systems



W. Schiehlen 19



20 Vehicle and Guideway Modelling: Suspension Systems



W. Schiehlen 21



22 Vehicle and Guideway Modelling: Suspension Systems



W. Schiehlen 23



24 Vehicle and Guideway Modelling: Suspension Systems



W. Schiehlen 25



26 Vehicle and Guideway Modelling: Suspension Systems



W. Schiehlen 27



28 Vehicle and Guideway Modelling: Suspension Systems



W. Schiehlen 29



30 Vehicle and Guideway Modelling: Suspension Systems



W. Schiehlen 31



32 Vehicle and Guideway Modelling: Suspension Systems



W. Schiehlen 33



34 Vehicle and Guideway Modelling: Suspension Systems



W. Schiehlen 35



36 Vehicle and Guideway Modelling: Suspension Systems



W. Schiehlen 37



38 Vehicle and Guideway Modelling: Suspension Systems



W. Schiehlen 39



40 Vehicle and Guideway Modelling: Suspension Systems



W. Schiehlen 41



42 Vehicle and Guideway Modelling: Suspension Systems



W. Schiehlen 43



44 Vehicle and Guideway Modelling: Suspension Systems



W. Schiehlen 45



46 Vehicle and Guideway Modelling: Suspension Systems



W. Schiehlen 47



48 Vehicle and Guideway Modelling: Suspension Systems



W. Schiehlen 49



50 Vehicle and Guideway Modelling: Suspension Systems



W. Schiehlen 51



52 Vehicle and Guideway Modelling: Suspension Systems



W. Schiehlen 53



54 Vehicle and Guideway Modelling: Suspension Systems



W. Schiehlen 55



56 Vehicle and Guideway Modelling: Suspension Systems



W. Schiehlen 57



58 Vehicle and Guideway Modelling: Suspension Systems



W. Schiehlen 59



60 Vehicle and Guideway Modelling: Suspension Systems



W. Schiehlen 61



62 Vehicle and Guideway Modelling: Suspension Systems



W. Schiehlen 63



64 Vehicle and Guideway Modelling: Suspension Systems



W. Schiehlen 65



66 Vehicle and Guideway Modelling: Suspension Systems



W. Schiehlen 67



68 Vehicle and Guideway Modelling: Suspension Systems



W. Schiehlen 69



70 Vehicle and Guideway Modelling: Suspension Systems



W. Schiehlen 71



72 Vehicle and Guideway Modelling: Suspension Systems



W. Schiehlen 73



74 Vehicle and Guideway Modelling: Suspension Systems





76 Dynamics of Railway Vehicles and Rail/Wheel Contact



H. True 77



78 Dynamics of Railway Vehicles and Rail/Wheel Contact



H. True 79



80 Dynamics of Railway Vehicles and Rail/Wheel Contact



H. True 81



82 Dynamics of Railway Vehicles and Rail/Wheel Contact



H. True 83



84 Dynamics of Railway Vehicles and Rail/Wheel Contact



H. True 85



86 Dynamics of Railway Vehicles and Rail/Wheel Contact



H. True 87



88 Dynamics of Railway Vehicles and Rail/Wheel Contact



H. True 89



90 Dynamics of Railway Vehicles and Rail/Wheel Contact



H. True 91



92 Dynamics of Railway Vehicles and Rail/Wheel Contact



H. True 93



94 Dynamics of Railway Vehicles and Rail/Wheel Contact



H. True 95



96 Dynamics of Railway Vehicles and Rail/Wheel Contact



H. True 97



98 Dynamics of Railway Vehicles and Rail/Wheel Contact



H. True 99



100 Dynamics of Railway Vehicles and Rail/Wheel Contact



H. True 101



102 Dynamics of Railway Vehicles and Rail/Wheel Contact



H. True 103



104 Dynamics of Railway Vehicles and Rail/Wheel Contact



H. True 105



106 Dynamics of Railway Vehicles and Rail/Wheel Contact



H. True 107



108 Dynamics of Railway Vehicles and Rail/Wheel Contact



H. True 109



110 Dynamics of Railway Vehicles and Rail/Wheel Contact



H. True 111



112 Dynamics of Railway Vehicles and Rail/Wheel Contact



H. True 113



114 Dynamics of Railway Vehicles and Rail/Wheel Contact



H. True 115



116 Dynamics of Railway Vehicles and Rail/Wheel Contact



H. True 117



118 Dynamics of Railway Vehicles and Rail/Wheel Contact



H. True 119



120 Dynamics of Railway Vehicles and Rail/Wheel Contact



H. True 121



122 Dynamics of Railway Vehicles and Rail/Wheel Contact



H. True 123



124 Dynamics of Railway Vehicles and Rail/Wheel Contact



H. True 125



126 Dynamics of Railway Vehicles and Rail/Wheel Contact



H. True 127



128 Dynamics of Railway Vehicles and Rail/Wheel Contact





130 Tyre Models, Propulsion and Handling of Road Vehicles



P. Lugner 131



132 Tyre Models, Propulsion and Handling of Road Vehicles



P. Lugner 133



134 Tyre Models, Propulsion and Handling of Road Vehicles



P. Lugner 135



136 Tyre Models, Propulsion and Handling of Road Vehicles



P. Lugner 137

0

1 2

2 2

0

1 2

2 2

2

2

1
2

R

3
2

R

1

3

1

4



138 Tyre Models, Propulsion and Handling of Road Vehicles



P. Lugner 139



140 Tyre Models, Propulsion and Handling of Road Vehicles



P. Lugner 141



142 Tyre Models, Propulsion and Handling of Road Vehicles

l

r
zF

xF

F

F

l

2F
2F

r

z

2F
2F
zR

xR

R

R

F

R

F

x

Z x
x

R
l

h

G=mg

CG
a

v

LW

MY

W



P. Lugner 143

RR

−M−MM

g

X

RR

R

R

m

BRDR

R
R CG

Z

z

R

zR

xR

r

x

F
F

W



144 Tyre Models, Propulsion and Handling of Road Vehicles



P. Lugner 145



146 Tyre Models, Propulsion and Handling of Road Vehicles



P. Lugner 147



148 Tyre Models, Propulsion and Handling of Road Vehicles



P. Lugner 149



150 Tyre Models, Propulsion and Handling of Road Vehicles



P. Lugner 151

1

2

3

4

1

2

3

4

1

2

2



152 Tyre Models, Propulsion and Handling of Road Vehicles



P. Lugner 153

1

1

1
1

2

2

2
2



154 Tyre Models, Propulsion and Handling of Road Vehicles

0 1 0

0 2

2

2

0

2

1

2



P. Lugner 155

M

R

v

F

R

+l

CG

y

yR

l

0

lF

vF
FxF

ay

x

F

FyF

vC

yv

FxR

W

F

F

lR

vx

L

vx

R

YW

vy

Z



156 Tyre Models, Propulsion and Handling of Road Vehicles



P. Lugner 157



158 Tyre Models, Propulsion and Handling of Road Vehicles

R

0

v

F

lR

CG
0

v

l
v

0

0

F0

F0

C

R



P. Lugner 159

R
  F      R

  F

R

F

l

R
R

F

0

CG

l

v

 R R

90
 −

~= yaqa

F

C



160 Tyre Models, Propulsion and Handling of Road Vehicles

H

s

2

0 2
x

0

0

2

0

0

2



P. Lugner 161

H

s

a

y
2
x



162 Tyre Models, Propulsion and Handling of Road Vehicles

1



P. Lugner 163

2

x

2



164 Tyre Models, Propulsion and Handling of Road Vehicles

0

2

2

0

2 2



P. Lugner 165

2



166 Tyre Models, Propulsion and Handling of Road Vehicles



P. Lugner 167

0
63 2

100

63 2

100



168 Tyre Models, Propulsion and Handling of Road Vehicles



P. Lugner 169



170 Tyre Models, Propulsion and Handling of Road Vehicles



P. Lugner 171



172 Tyre Models, Propulsion and Handling of Road Vehicles



P. Lugner 173



174 Tyre Models, Propulsion and Handling of Road Vehicles



P. Lugner 175



176 Tyre Models, Propulsion and Handling of Road Vehicles



P. Lugner 177



178 Tyre Models, Propulsion and Handling of Road Vehicles



P. Lugner 179

x,y

(    )

y

c

s 1 221

est. of future(    )

c    v    nV  ,T  ,T

compensatory

forward control
anticipatory feed

prev estx,y x,y

v

s

estimated future
veh. position

c

t+Ta2

t+Ta1

path deviation

H

t+Ta2

sc
he

du
le

(o
pe

ra
tin

g 
po

in
t)

ga
in V  ,V  ,T  ,T

t+Ta1

closed loop control

tr
aj

ec
to

ry
 p

re
vi

ew

veh(    )x,y

trajectory

(    )

s

actual
vehicle
position

steering
angle

demanded



180 Tyre Models, Propulsion and Handling of Road Vehicles



P. Lugner 181



182 Tyre Models, Propulsion and Handling of Road Vehicles





184 Dynamics of Motorcycles: Stability and Control



R. Sharp 185



186 Dynamics of Motorcycles: Stability and Control



R. Sharp 187



188 Dynamics of Motorcycles: Stability and Control



R. Sharp 189



190 Dynamics of Motorcycles: Stability and Control



R. Sharp 191



192 Dynamics of Motorcycles: Stability and Control



R. Sharp 193



194 Dynamics of Motorcycles: Stability and Control



R. Sharp 195



196 Dynamics of Motorcycles: Stability and Control



R. Sharp 197



198 Dynamics of Motorcycles: Stability and Control



R. Sharp 199



200 Dynamics of Motorcycles: Stability and Control



R. Sharp 201



202 Dynamics of Motorcycles: Stability and Control



R. Sharp 203



204 Dynamics of Motorcycles: Stability and Control



R. Sharp 205



206 Dynamics of Motorcycles: Stability and Control



R. Sharp 207



208 Dynamics of Motorcycles: Stability and Control



R. Sharp 209



210 Dynamics of Motorcycles: Stability and Control



R. Sharp 211



212 Dynamics of Motorcycles: Stability and Control



R. Sharp 213



214 Dynamics of Motorcycles: Stability and Control



R. Sharp 215



216 Dynamics of Motorcycles: Stability and Control



R. Sharp 217



218 Dynamics of Motorcycles: Stability and Control



R. Sharp 219



220 Dynamics of Motorcycles: Stability and Control



R. Sharp 221



222 Dynamics of Motorcycles: Stability and Control



R. Sharp 223



224 Dynamics of Motorcycles: Stability and Control



R. Sharp 225



226 Dynamics of Motorcycles: Stability and Control



R. Sharp 227



228 Dynamics of Motorcycles: Stability and Control



R. Sharp 229



230 Dynamics of Motorcycles: Stability and Control





232 Control of Rail Vehicles: Mechatronic Technologies



R. Goodall 233



234 Control of Rail Vehicles: Mechatronic Technologies



R. Goodall 235





238 RailCab System: Engineering Aspects



J. Lückel, et al. 239



240 RailCab System: Engineering Aspects



J. Lückel, et al. 241



242 RailCab System: Engineering Aspects



J. Lückel, et al. 243



244 RailCab System: Engineering Aspects



J. Lückel, et al. 245



246 RailCab System: Engineering Aspects



J. Lückel, et al. 247

reaction plate

iron aluminum

primary
winding



248 RailCab System: Engineering Aspects

460V, 3

section 1 section 2 section 3

to other sections

RailCab RailCab

a)

section 2section 1

to substations 2 - 3

460V, 3

RailCab

substation 1

b) 15 kV, 3

section 3

15 kV, 3



J. Lückel, et al. 249



250 RailCab System: Engineering Aspects

CDD
Servo-

Umrichter

CD
Servo-

Umrichter

CDD
Servo-

Umrichter

72 A 
Servo-

Umrichter
CDD

Servo-
Umrichter

CD
Servo-

Umrichter

CDD
Servo-

Umrichter

72 A 
Servo-

Umrichter
CDD

Servo-
Umrichter

CD
Servo-

Umrichter

CDD
Servo-

Umrichter

72 A 
Servo-

Umrichter
CDD

Servo-
Umrichter

CD
Servo-

Umrichter

CDD
Servo-

Umrichter

72 A 
Servo-

Umrichter

Railcab1 Railcab2

Control room

Track

RailCab
1

RailCab
2



J. Lückel, et al. 251

track section

T
z-1

xo

T
z-1

xo

RailCab



252 RailCab System: Engineering Aspects

P



J. Lückel, et al. 253



254 RailCab System: Engineering Aspects

0 20 40 60
0

100

200

300

400

t / s

0

2

4

6

8

-0.1

0.0

0.1

0.2

0.3

0.4

0 20 40 60
t / s

0 20 40 60
t / s

start

zoom

-1.0

-0.5

0.0

0.5

1.0

68 70 72 74
414.90

414.92

414.94

414.96

415.00

415.02

414.98

0 20 40 60
t / s

0

1

2

3

4

5 height / m curve / 200/m

0 20 40 60
t / s

0.5

t / s

slope/%



J. Lückel, et al. 255



256 RailCab System: Engineering Aspects



J. Lückel, et al. 257



258 RailCab System: Engineering Aspects



J. Lückel, et al. 259



260 RailCab System: Engineering Aspects



J. Lückel, et al. 261



262 RailCab System: Engineering Aspects



J. Lückel, et al. 263



264 RailCab System: Engineering Aspects



J. Lückel, et al. 265



266 RailCab System: Engineering Aspects



J. Lückel, et al. 267



268 RailCab System: Engineering Aspects



J. Lückel, et al. 269



270 RailCab System: Engineering Aspects



J. Lückel, et al. 271



272 RailCab System: Engineering Aspects



J. Lückel, et al. 273



274 RailCab System: Engineering Aspects



J. Lückel, et al. 275



276 RailCab System: Engineering Aspects



J. Lückel, et al. 277



278 RailCab System: Engineering Aspects



J. Lückel, et al. 279



280 RailCab System: Engineering Aspects



J. Lückel, et al. 281





284 Advanced Road Vehicles: Control Technologies, Driver Assistance



D. Ammon and W. Schiehlen 285



286 Advanced Road Vehicles: Control Technologies, Driver Assistance



D. Ammon and W. Schiehlen 287



288 Advanced Road Vehicles: Control Technologies, Driver Assistance



D. Ammon and W. Schiehlen 289



290 Advanced Road Vehicles: Control Technologies, Driver Assistance



D. Ammon and W. Schiehlen 291



292 Advanced Road Vehicles: Control Technologies, Driver Assistance



D. Ammon and W. Schiehlen 293



294 Advanced Road Vehicles: Control Technologies, Driver Assistance



D. Ammon and W. Schiehlen 295



296 Advanced Road Vehicles: Control Technologies, Driver Assistance



D. Ammon and W. Schiehlen 297



298 Advanced Road Vehicles: Control Technologies, Driver Assistance



D. Ammon and W. Schiehlen 299



300 Advanced Road Vehicles: Control Technologies, Driver Assistance



D. Ammon and W. Schiehlen 301



302 Advanced Road Vehicles: Control Technologies, Driver Assistance



D. Ammon and W. Schiehlen 303



304 Advanced Road Vehicles: Control Technologies, Driver Assistance


