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A

Acceleration analysis, 43, 101, 105, 128,
200, 202
Acceleration:
angular, 175
identities with Euler parameters, 175
independent, 46
vector of, 46
Acceleration equations, 46, 49, 102, 201-2
right side, 49, 104-5, (table) 109, 202
modified, (table) 203, 298, (table) 299
Active point of view, 157
Actuator, 222, 231, 255, 273, 275
subroutine, 259, 264
ADAMS, 327
Adams-Bashforth algorithms, 308
Adams-Moulton algorithms, 308
Algebraic-differential equations, 228, 244,
253, 313, 328-35
Algebraic equations:
linear, 50-66
nonlinear, 66-72, 101
Algorithms:
dynamic analysis:
constrained systems:
CP-1, 321
CP-2, 323

CS-1, 320
DI-4, 318
JC-1, 334
unconstrained systems:
DI-1, 314
DI-2, 315
DI-3, 317
kinematic analysis:
K-I, 46
K-1I, 50
linear algebraic equations:
LU-I, 58
nonlinear algebraic equations:
NR-I, 68
static equilibrium analysis:
SE-1, 343
Analysis, 6, 16
methods, 6-9
Angular:
acceleration, 175
identities with Euler parameters, 175
orientation, 39, 153
velocity, 172, 174
identities with Euler parameters, 174~75
numerical integration algorithm, 317
Animation, computer, 17, 18
Appended driving constraint method, 48
Algorithm K-II, 50
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Artificial constraint, 246

Automated factory, 2

Axis of rotation:
instantaneous, 157
intermediate, 180
orientational, 157, 158
relative, 177

B

Base body:
fixed, 332
floating, 332
Bodies, collection 3
Body: (see also Link)
outline, 5
shape, 5
Bryant angles, 157, 162, 347, 351
critical values, 352
time derivatives, 352

C

Centroid, 210
Centroidal coordinate system, 215
Chain (see Kinematic, chain)
Chasles’ theorem, 157
Clockwise rotation, 157
Closed-form solution, 9
Closed-loop, 334 (see also Mechanisms)
cut, 334, 345
Computational techniques, 3
Computer-aided:
analysis (CAA), 1, 2
design (CAD), 1
drafting, 1
engineering (CAE), 1
manufacturing (CAM), 1
manufacturing design, 1
product design, 1
Constraint:
artificial, 246
driving, 48, 49, 100, 101
subroutine, 126, 133
equality, 41
equations, 40, 41, 44, 49
conversion, 297
number of, 13

force, 222, 223, 228, 244, 266, 269, 276,

292
revolute joint, 237

“Index

revolute-revolute joint, 240
translational joint, 242
ground, 98
subroutine, 125
holonomic, 41, 189
independent, 42
inequality, 41
Jacobian (see Jacobian matrix)
nonholonomic, 41
not integrable, 41
redundant, 41
simple, 98, 199
subroutine, 126, 133
stabilization method, 319, 335
Algorithm CS-1, 320
violation, 316, 319
maximum error allowed, 122
stabilization, 319
Constraints between:
parallel vectors, 188
perpendicular vectors, 188
two bodies, 189
two vectors, 186
Coordinate:
body-fixed, 38, 77, 154
Cartesian, 12, 13, 38, 77, 153, 313, 330
dependent, 41, 44, 321, 324, 340, 356
driven, 44
driving, 44
generalized, 10, 13, 313
global, 77, 153
independent, 41, 44, 321, 324, 340, 356
joint, 330
La Grangian, 38, 77, 313
local (see Base body, fixed)
number of, 13, 39, 101
partitioning method:
automatic process, 324
dynamic analysis, 321
Algorithm CP-1, 321
Algorithm CP-2, 323
kinematic analysis, 43
Algorithm K-I, 46
static equilibrium, 340, 342
with LU factorization, 355
relative, 11, 13
rotational, 39, 154 .
translational, 39, 154
Coordinates, vector of, 38, 39, 222
Counterclockwise rotation, 77, 157
Couple, 213
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Cramer’s rule, 51

Critical damping, 320

Crout’s method, 57, 63, 355
 Algorithm LU-I, 58-93

Curve representation, 89

D

DADS, 321
Damper, 15, 222, 234, 237, 255, 271
subroutine, 259, 264
Damping:
coefficient, 234, 237
critical, 320
DAP, 253, 254
Deformable body, 36
Degrees of freedom, 3, 40, 42
Design, 6
sensitivity analysis, 1
Differential-algebraic equations (see Alge-
braic-differential equations)

Differential equations (see Ordinary differen-

tial equations)
Digitizer tablet, 15
Direction cosines, 20, 155, 158, 164, 348
Distance, kinematic, 332
Divergence, 68
Double parallel-crank mechanism, 41, 42
Driving constraint method, appended, 48
Algorithm K-1I, 50
Dump truck, 273
Dynamic analysis, 228, 255
forward, 247
inverse, 247
numerical methods, 313
program (DAP), 253-77
Dynamics, 6
basic concepts, 208-26
planar motion, 227
spatial motion, 289

E

Efficiency, numerical, 10, 13
Eigenvalues, 310
End-effector, 247
Equations of motion:
a constrained body, 292
an unconstrained body, 219, 227, 291
constrained bodies, 222, 228
planar, 244, 254

spatial, 296-97
rotational, 215, 217, 291-93, 297
translational, 211 .
unconstrained bodies, 221, 228

planar, 242, 253

spatial, 294-96

365

Equilibrium (see also Static, equilibrium), 275

equations, 339
Error:
numerical, 14, 302
Euler parameters, 316
joint coordinates, 333
round-off, 63, 64, 302
sum of squares, 316
tolerance, 68, 70, 122
total, 302
truncation, 302, 310
Euler angles, 153, 157, 162, 164, 347
conventions, 347
critical values, 348, 349
in terms of Euler parameters, 354
time derivatives, 349
Euler parameters, 153 158, 160, 289
in terms of Euler angles, 353
identities, 166—72
partial derivative, 171
time derivatives, 168, 169, 171
time derivatives, 174
Euler’s theorem, 157, 158, 160, 176
Exact solution, 9
Explicit algorithm, 308

F

Factory automation, 1
Feedback control theory, 319
Fictitious damping, 344
Finite rotation, 180
Five-bar mechanism, 9
Force:
gravitational, 229, 341
vector of:
body, 221, 229
system, 222, 228
Force-deformation, 233
Forward:
dynamic analysis, 247
Euler algorithm, 303

Four-bar mechanism, 3, 11-13, 40, 43, 48,

135, 268
Frictionless constraints, 223



366

G

Gaussian:
elimination, 51, 55, 324
back substitution, 51, 52
forward elimination, 51, 52, 54
methods, 51
Gauss-Jordan reduction, 52
Gear algorithms, 310, 328
General-purpose program, 9, 13, 14
Gram-Schmidt process, 327
Graphics, computer, 15-18
Graph theory, 333
Gravitational force, 229, 341

H

Harmonic motion, 278
HARWELL, Library of Subroutines, 144

I

Implicit:
algorithms, 308
function theorem, 45
Indices:
column, 56, 63
row, 56
Inertia:
principal axes, 219
tensor, 218
global, 217
Infinitesimal:
displacement, 223
mass, 216
Influence coefficient matrix, 356

Initial conditions (values), 254, 301, 314, 315

Initial-value problems, 301, 307
Input/Output, 15, 17, 210, 255
Input prompts:

DAP, 255, 25859, 267

KAP, 120, 123-27, 134
Integration:

arrays, 254, 313

numerical, 254, 301-11
Inverse dynamics, 247

J

Jacobian matrix, 45, 103, (table) 106, 200,

(table) 201

Index

modified, 201, (table) 203, (table) 299
rank reduction, 189

Joint (see Kinematic, joints):

coordinate method:

dynamic analysis, 330

static equilibrium analysis, 345
reaction force (see Constraint, force)

K

KAP, 119, 253,
Kinematic:

acceleration equations (see Acceleration
equations)
analysis, 36, 42, 127
numerical methods, 35
program (KAP), 119-40
chain, 36, 331
constraints, 80 (see also Constraints and
Kinematic, joints)

joints (see also Kinematic pairs), 36

ball (see Spherical)

cam-follower, 37, 38, 90, 93-96

composite, 84, 196

cylindrical, 189, 192

gears, 37, 38, 86, 87

globular (see also spherical), 332

Hook, (see universal)

point-follower, 97

prismatic (see translational)

rack and pinion, 86, 88

revolute, 38, 81, 120, 191, 255, 330
subroutine, 124, 131

revolute-cylindrical, 198

revolute-revolute, 84, 197

revolute-translational, 85

screw, 38, 193

sliding (see Translational)

spherical, 38, 190

spherical-spherical, 196

spur gears, (see gears)

translational, 37, 38, 83, 120, 193, 255,
330
subroutine, 125, 132

universal, 190, 330

modeling, 105
pairs (see also Kingmatic, joints), 37, 38
lower, 37, 80, 189
higher, 37, 80

Kinematics, 6

basic concepts, 35—42
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planar motion, 77
spatial motion, 186
synthesis, 36

Kinetics, 6

Kinetostatic analysis, 247

L

LaGrange multiplier, 224, 228, 237-42,
244-47, 254, 292, 296, 316
artificial, 292, 315
Linear algebraic equations, 50-66
Line:
of nodes, 348
of translation, 83
Link (see also Body), 36
coupler, 41
driving, 100
fixed, 36
frame, 36
ground, 36
L-U factorization, 56, 327, 355
Algorithm LU-I, 58-93

M

MAIN computer program for:
dynamic analysis, DAP, 255
kinematic analysis, KAP, 122
linear algebraic equations, 65
nonlinear algebraic equations, 72

Mass:

center, 210
matrix:
body, 220

system, 221, 294, 295
Mathematical constraint, 314, 315

Matrix:
column, 21
diagonal, 22

difference, 22
differentiation, 28
dimension, 21
identity, 22

permuted, 49
inverse, 23
linearly (in)dependent rows, 23
lower triangular, 57
multiplication by a scalar, 22
null, 22
orthogonal, 24, 156
orthonormal, 24, 348

367

product, 22
quasi-diagonal, 22
rank, 23
row, 21
singular, 23
skew-symmetric, 23, 25
sparse, 110, 144
square, 22
symmetric, 23
time derivative, 29
trace, 161, 353
transpose, 21
unit (see identity matrix)
upper triangular, 51, 57
zero (see null matrix)
MAXA, 120
MAXIA, 120
Mechanics, branches, 6
Mechanism, 36
closed-loop, 36, 37
multiloop, 37
open-loop (chain), 36, 37
planar, 36, 77
single-loop, 37 -
spatial, 36
Mechanisms, kinematically equivalent, 41,
42
Minimization, 342, 345
Moment, 212, 229
conversion, 289
Moments:
of inertia, 218
polar, 227
principle, 212
Motion:
planar, 3, 77
conditions, 224
spatial, 3
Multibody system, 3
schematic presentation, 5, 6
Multistep algorithm, 308, 309

N

Newton defference, 68
Newton-Euler equations, 220
Newton-Raphson, 6667, 311, 323, 328, 340
iteration number, 67
iterations, maximum number, 70, 122
Algorithm NR-I, 68
residuals, 68
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identities with Euler parameters, 174~75
numerical integration algorithm, 317

Vector, cont,.
scalar (or dot) product, 20, 23, 24

time derivative, 28

vector (or cross) product, 20
collinear, 19

coplanar, 19

differentiation, 28
dimension, 27

sliding, 214

sum, 20, 14

unit, 19, 154

zero (see null vector)

Velocities, vector of, 45, 220

Velocity:
analysis, 43, 101, 128, 200, 202
angular, 172, 174

dependent, 45
equations, 42, 45, 49, 102, 298
modified, 298
independent, 45
transformation, 330
Vibration, free, 279
Virtual:
displacement, 223, 290
work, 291

w

Working arrays, 120, 255
Work of a force, 223






pivy -

COMPUTER-AIDED
ANALYSIS
MECHANICAL
SYSTEMS

Parviz E. Nikiravesh

This boeak introduces fundamental theorles and numerlcal methods for
usé in computational mechanics. The theories and methods can be usad
to devalop computer programs for analyzing the response of simple and
complex mulibody mechanical systems, Eguations of motion are
lormulated systematically and then sobved numerically.

Author Parviz Nikravesh emphasizes the use of Carleslan coordinates for
formudating the-equation of motion. Knowledge of this formulation serves
a% a stepping stona for reader understanding of the formulation of the
aquation of modion far ather sete of coordinates.

Problem assignments contluds most chaplers and are designed to
clarify cerain points and to prove ideas for program development and
analysis technigues. Two FORTRAMN programs for planar kinematic and
dynamic analysis (KAP and DAP) are also developed in the book. A soft-
ware disk i available fram Prantice Hall,

PRENTICE HALL, Englewood Cliffs, MJ 07632
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