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A
ABS, antilock braking system, 244
Acceleration components

polar coordinates, 6
rectangular coordinates, 3

Acceleration diagram, 14–16
Acceleration

in body-centered coordinates, 406
centripetal, 13
Coriolis, 13
lateral, 199, 203

Active vibration isolation, 228
Angular momentum, 21

B
Basic motion, 182, 193, 237
Bernoulli–Euler beam, 379
Bicycle car model, 33, 83, 190, 254
Bicycle, 231
Bode plot, 116
Boundary conditions, 354

C
Cable, stretched, 372
Cart with pendulum, 8, 45, 59

Center of gravity, 21
Center of mass, 21, 272
Centripetal acceleration, 13
Chain rule, 141, 145
Characteristic equation, 108, 194, 198,

221, 280, 307
Characteristic polynomial, 198, 221,

238
Characteristic speed, 205
Column vector, 273
Complex frequency response function,

116
Computational block, 93
Constraint force, 151
Control and stability, 243
Control

active, 221
model reference, 246, 249
proportional-derivative, 104
sliding mode, 251
state variable feedback, 220
steering, 231, 238, 248, 254

Controller, 102
Controller, proportional-derivative,

104
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Coordinate frames, 3
Coordinate system,

body-fixed, 187, 275, 402
inertial, 180, 189, 281
rectangular, 3
rotating, 180, 189

Coriolis acceleration, 13
Cornering coefficient, 191
Cornering, 202
Coulomb friction, 146
Countersteering, 204, 240
Cramer’s rule, 112, 197, 330
Crankshaft, 155
Critical speed of shaft, 298
Critical speed, 196, 204

D
DAE, 58
Damper, 65, 118

semiactive, 230
skyhook, 230

Damping ratio, 230, 262, 308, 326
Degrees-of-freedom, 8, 142
Delta function, 359, 374
Diagram

acceleration 14–16
force, 9–11
free-body, 9
velocity, 14–16

Differential algebraic equations, 58
Double pendulum, 76–77, 88–89

E
Eigenfunction, 356
Eigenvalue, zero frequency, 362
Eigenvalues, 107, 185, 194, 221, 237,

258, 276, 280, 290, 307
Eigenvectors, 318, 356
Energy

kinetic, 136, 159, 285
potential, 136, 138

Equation, characteristic, 108
Euler’s, 27
Hamilton’s, 158

Lagrange, 135, 144

Equation forms, 55, 56
Equation solver, 93, 103
Equations

DAE, 58
differential algebraic, 58
Euler’s, 277
explicit, 56
first-order form, 41, 56
Hamilton’s, 158
inverted pendulum, 61
Lagrange, 135, 144, 235, 287
linear, 64, 220
of motion, see Equations of motion
second-order form, 41
spring–pendulum, 59
state, 56
wave, 354

Equations of motion, 41
cart and rigid-body pendulum, 49
explicit, 56
implicit, 57
nonlinear, 92, 219
particles 41, 47
rigid bodies 41, 46, 47
second-order form, 41
spring–pendulum, 41
spring–pendulum, cart, 45

Euler angles, 283, 287
Euler’s equations, 277
Expansion theorem, 356
Explicit equations, 56

F
Feedback control, 220, 249
First-order form, 2, 41, 56, 158
Force diagram, 9–11
Forms of equations, 55–56
Free-body diagram, 9
Frequency equations, 316, 356, 376,

384
Frequency response, 114, 309, 326

G
Gain, 237

acceleration, 205
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yaw, 205
Generalized coordinates, 142
Generalized forces, 144, 146
Generalized momentum, 158
Generalized velocities, 143
Gimbal, 285, 287
Gyroscope, 285
Gyroscopic coupling, 290

H
Half-car model, 28, 68, 322
Hamilton’s equations, 158
Hamilton’s principle, 135
Harmonic input, 114
Heave mode, 324
Holonomic systems, 142

I
Implicit equations, 57
Imposed motion, 148
Inertia matrix, 137, 159–160, 410

K
Karnopp–Margolis method, 156
Kinematics, 405
Kinematic constraints, 17–18, 152, 156,

183, 188, 333

L
Lagrange equations, 135, 144, 235, 287
Lagrangian, 144
Laplace domain, 110, 221, 309
Laplace variable, 110, 197, 220
Lean angle, 234, 238
Linear momentum, 21, 272
Linear system, 107
Linearization, 71
Linearized equations, 64

M
Mass matrix, 137, 159, 160, 410
Matrix equations, 107, 273, 315
Matrix, mass, 137, 159, 160, 410
Mechatronic systems, 261
Modal mass, 361

Modal stiffness, 361
Modal vector, 318, 320
Mode functions, 359, 371, 376, 384,

400
Mode shapes, see Mode functions
Moment of inertia, 25, 137, 373, 404,

408
Moments of inertia, principle, 137, 274,

404, 406, 408
Momentum, 21, 404

angular, 21, 273, 404
generalized, 158
linear, 21, 272

Motorcycle, 231

N
Natural frequency, 141, 226, 305, 307,

320
Neutral steering, 200
Newton’s laws, particles, 25–27
Newton’s laws, rigid bodies, 25–27
Newton’s second law, 2
Nonholonomic systems, 162, 301
Nonminimum phase, 241
Nutation, 297

O
Optimization, 228

criterion, 229
Orthogonality, 359
Oversteer, 196

P
Parallel axis theorem, 138, 274, 410
Parameters, 182
Particle dynamics, 25–27
Pendulum, 7–8, 58

double, 76–77, 88–89
inverted, 61, 100
spring, 7, 41, 58
with cart, 8, 45

Perturbation, 182, 237, 279
Phase angle, 116
Pitch mode, 325
Point force, 359



416 INDEX

Polar coordinates, 3
Precession, 285
Principle directions, 137, 274, 404, 406,

408
Products of inertia, 137, 274, 404

Q
Quarter-car model, 64

R
Rack and pinion, 153
Rectangular coordinates, 3
Resonance, 226, 306, 309, 327
Reverse action, 240
Rigid-body dynamics, 25–27
Rigid-body mode, 362
Rigid-body motion, 16
Rigid body, equations of motion, 46

S
Scotch yoke 154
Second-order form, 41
Semiactive damper, 230
Separation of variables, 354, 375,

382
Shopping cart, 181
SI units, 2
Signum function, 146, 253
Simulation, 92
Skyhook damper, 230, 310
Slider–crank mechanism, 20, 52
Slip angle, 191
Spin stabilization, 278
Spring–pendulum, 7, 41, 58
Spring–pendulum and cart, 8, 59, 93
Stability augmentation, 249
Stability, 182, 186

inherent, 242
State equations, 56
State vector, 368
State-variable feedback, 220, 222
Steer angle, 191
Stress waves, 350

T
TCS, traction control system, 245
Tensor, 273, 405
Tilting vehicles, 231
Time constant, 186, 237
Time step, 94
Total time derivative, 144
Transfer functions, 110, 197, 221, 238,

310
Transferring acceleration components,

11, 13, 16
Transferring velocity components,

11,13, 16
Trivial solution,185
TVA, tuned vibration absorber,

328

U
Undamped natural frequency, 141
Understeer, 196
Understeering coefficient, 200
Unit vectors, 4
Units, 2
Unstable, 186
U-tube oscillator, 140

V
VDC, vehicle dynamic control, 244
Velocity components, polar coordinates,

5
Velocity diagram, 3, 14, 15–16
Vibration

absorber, 328
analysis, 64
isolation, 224
half-car model, 68
quarter-car, 64

Vibration isolation
active, 228, 313
adptive,332
optimized, 228
passive, 224

Virtual damper, 157
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Virtual elements, 156
Virtual spring, 157
Virtual variation, 147

W
Wave equation, 354
Wobble, 292

Y
Yaw angle, 182
Yaw rate, 182, 247, 256




