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actuator, 17, 21
torsion actuator, 84

angular momentum theorem (AMT), 206
AMT about a fixed point, 207
AMT about a moving point, 210
AMT about the center of mass, 211
percussive version of the AMT, 515

balancing
dual balancing, 246
dynamic balancing, 245
single balancing, 246
static balancing, 245
barycentric decomposition, 164, 204, 211, 214, 319,
322,516

center of gravity, 82, 124, 152
center of mass, 153
characterization
analytical characterization, 94, 97
analytical characterization of constraint forces,
27
characterization of a constraint force, 85
characterization of constraint forces, 16, 22
straightforward analytical characterization, 27
straightforward characterization, 100
coefficient of restitution (CoR)
energetical CoR, 543
Newton’s CoR, 524
Poisson’s CoR, 542
collision
elastic, 507
elastic collision, 524, 541
inelastic collision, 507, 524, 541
multiple-point collision, 537
plastic collision, 507, 524
rough collision, 515, 540
single-point collision, 506
conservation, 238
conservation of angular momentum, 235
conservation of linear momentum, 235
conservation of mechanical energy, 339
conservative system, 321

580

constraint

analytical characterization of constraint forces, 27

bilateral constraint, 23, 27, 86, 513

characterization of constraint forces, 16, 22

constraint auxiliary element, 101

constraint auxiliary element (CAE), 103

constraint force, 16, 411, 472, 476

constraint joint, 101

constraint loss, 510

constraint through intermediate element, 27

constraint torsor, 85, 94

geometric constraint torsor, 92, 94, 100

indirect constraint, 103

instantaneous constraint, 510

kinematic constraint, 23

limit conditions of constraint forces, 22

linear constraint torsor, 92, 94, 100

linear partial constraint torsor, 98

normal constraint force, 23

partial constraint, 101

permanent constraint, 510

resultant constraint torsor, 86

unilateral, 27

unilateral constraint, 86, 117-118, 510

work done by constraint forces, 334
contact

contact loss, 117

indirect contact, 97

multiple-point contact, 86

single-point contact, 85

d’ Alembert
d’Alembert force, 414
d’Alembert inertial force, 406
d’Alembert moment, 414
torsor of d’Alembert inertial forces, 414
damper, 17, 21
constant, 21
damper force formulation, 21
linear damper, 21
torsion damper, 82
determinacy
principle of determinacy, 11, 14-15
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driver, 21
torsion driver, 82
dynamics, 2
direct dynamics, 13
fundamental law of dynamics, 12
inverse dynamics, 13
Newtonian dynamics, 1-2
particle dynamics, 7
percussive dynamics, 504

energy
gravitational potential energy, 339
kinetic energy, 317, 322, 465
potential energy, 338, 467, 479
potential energy of a spring, 342
rotational kinetic energy, 319, 324
translational kinetic energy, 319
work—energy theorem (WET), 320

equilibrium
equilibrium configurations, 479

stability of equilibrium configurations,

344

force, 2
action—reaction pair, 11
conservative force, 328
constraint force, 16, 411, 472, 476
contact force, 15
Coriolis force, 238
Coriolis inertial force, 28
d’Alembert force, 414
d’ Alembert inertial force, 406
damper force, 21
dynamic friction force, 25
force impulse, 234
friction force, 22, 25
generalized conservative force, 467
generalized d’ Alembert inertial force,

464

generalized force, 463
generalized interaction force, 464
gravitational force, 17
inertial, 29
inertial force, 28
inertial transportation force, 153
interaction force, 10, 13
kinetic friction force, 25, 121
nonpercussive force, 505
normal constraint force, 23
percussive force, 504
power of a force, 318
resultant force, 11
spring force, 18
transportation force, 238
transportation inertial force, 28
work done by constraint forces, 334
work done by friction forces, 334

Index

friction
coefficient, 26
Coulomb’s law of friction, 25
dry friction, 25, 514
dynamic friction, 25
friction force, 22, 25
friction percussion, 514
isotropic friction, 121
kinetic friction, 25
kinetic friction coefficient, 25
kinetic friction force, 25, 121
kinetic friction torsor, 121
static friction, 25
static friction coefficient, 25
viscous, 26
viscous friction damper, 21
work done by friction forces, 334

Galileo
Galileo’s principle of relativity, 7
gravitation

Earth’s gravitational field, 36, 124, 339

gravitational attraction, 16
gravitational field, 18
gravitational force, 152
gravitational moment, 124
gravitational potential energy, 339
gravitational torsor, 82, 124

Newton’s law of universal gravitation,

16-17
nonuniform gravitational field, 124
uniform gravitational field, 124, 152
universal constant of gravitation, 17

Hamilton’s principle, 478
hybrid approach, 505
hydraulic cylinder, 22

ill-conditioning, 85, 90, 109

degree of ill-conditioning, 92, 109
impulse

angular impulse, 234-235

force impulse, 234

percussive impulse, 504
indeterminacy, 85, 109, 121

number of indeterminacies, 109
inertia

center of inertia, 151

central axes of inertia (CAI), 169

central moment of inertia, 173

central tensor of inertia, 159

inertia ellipse, 180

inertia ellipsoid, 179

inertia tensor, 158

moment of inertia, 160

principal axes of inertia (PAI), 167, 227

principal moment of inertia, 168, 171
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inertia (cont.)

principle of inertia, 6

product of inertia, 160
instantaneous screw axis (ISA), 324
integrated formulation, 505
interaction

force, 13

interaction accelerations, 8

interaction at a distance, 16

interaction force, 10

interaction through intermediate elements, 16

joint
constraint joint, 101
jolt, 504

Lagrange
Lagrange’s equations, 468

Lagrange’s equations with multipliers, 474

Lagrange’s multipliers, 475
Lagrange’s equations

percussive version of the Lagrange’s equations, 532

limit condition, 121

limit conditions, 117, 120

linear momentum theorem (LMT), 203
percussive version of the LMT, 515

Mach
axiomatics, 11
empirical propositions, 7
first empirical proposition, 8
second empirical proposition, 9
third empirical proposition, 9
mass, 2
center of mass, 83, 151
gravitational mass, 17
inertial mass-ratio, 8
mass matrix, 533
method of virtual power (MVP), 406
percussive version of the MVP, 531
moment, 11
central moment of inertia, 173
d’Alembert moment, 414
moment of a force, 80
moment of inertia, 160
pivoting-resistance moment, 123
principal moment of inertia, 171
pure moment, 81
resultant moment, 11
rolling-resistance moment, 122
momentum
angular momentum, 158, 207, 214
linear momentum, 203

Newton
Newton’s first law, 6
Newton’s restitution rule, 523

Newton’s law of universal gravitation, 17
Newton’s restitution rule, 523-524
Newton’s second law, 12, 238
Newton’s third law, 17

Newton’s restitution rule, 523

obstacle
fixed obstacle, 334
moving obstacle, 334
overturning, 117-118

Pappus—Guldin theorems, 153, 156
particle
free particle, 6
percussion, 504
conjugated percussion centers, 520
friction percussion, 514
percussion center, 519
percussion interval, 504
prescribed percussion, 506
transportation inertial percussion, 516
percussive pair, 521
percussive tool, 520
perpetual motion, 348
perpetual motion machine, 348
perpetual motion machine of the first kind, 349
perpetual motion machine of the second kind,
350
phase plane, 344
pivoting, 120-121
pivoting-resistance moment, 123
Poinsot’s ellipsoid, 357
polhode, 357
power
power balance, 318
power of a force, 318
principle
Galileo’s principle of relativity, 14
principle of absolute simultaneity, 2
principle of action and reaction, 11
principle of causality, 2
principle of determinacy, 11, 14-15
principle of existence of a Galilean reference
frame, 5
principle of inertia, 6
principle of relativity, 7
principle of separation, 8
principle of superposition, 9, 12
pseudowork, 521

redundancy, 412
full redundancy, 87, 89
tangent redundancy, 90
reference frame
conventional celestial reference frame
(CCRF), 13
Galilean, 3
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Galilean reference frame, 5, 7, 12
international celestial reference frame (ICRF),
39
non-Galilean, 3
non-Galilean reference frame, 5, 28-29, 238, 353,
516
noninertial reference frame, 5
reference frame translating with a point, 207,
320
terrestrial reference frame (TRF), 13, 39
restitution rule
energy restitution rule, 543
Newton’s restitution rule, 524
Poisson’s restitution rule, 542
restriction
unilateral restriction, 23
rolling, 120, 122
rolling-resistance moment, 122
rotation
rotation stability, 357
rotor
dynamic balancing of a rotor, 244
spherical, 167
spherical rotor, 174
static balancing of a rotor, 244
symmetrical, 167
symmetrical rotor, 171

sliding, 120
translational sliding, 121
space
absolute space, 2
homogeneous, 5, 14
isotropic, 5, 14
spring, 17-18
linear spring, 18
nonlinear spring, 20
potential energy of a spring, 342
slack length, 18
spring constant, 18
spring force formulation, 18
torsion spring, 82
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stability
rotation stability, 357
stability of a rotating rigid body, 228
stability of equilibrium configurations, 344
Steiner’s theorem, 162

time
absolute time, 2
uniform, 5, 14

torque, 11, 81

torsion
torsion actuator, 84
torsion damper, 82
torsion driver, 82
torsion spring, 82

torsor, 80
constraint torsor, 85, 94
geometric constraint torsor, 92, 94, 100
geometric kinematic torsor, 100
kinematic torsor, 86
kinetic friction torsor, 121
linear constraint torsor, 92, 94, 100
linear kinematic torsor, 98
linear partial constraint torsor, 98
resultant constraint torsor, 86
resultant torsor, 80

virtual
Method of Virtual Power (MVP), 406
method of virtual work, 408
principle of virtual power, 411
virtual motion, 408
virtual power, 408
virtual velocity, 407

work, 317, 333
work associated with action-reaction forces, 327
work done by constraint forces, 334
work done by friction forces, 334
work—energy theorem (WET), 320
work—energy theorem (WET), 320
percussive version of the WET, 531
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