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accuracy and stability of a~method, 499
alpha integration method, 495
Ansys/Workbench (WB)
introduction (Ansys), 198
introduction (WB), 225
Ansys/WB heat transfer projects, 518
Ansys/WB static projects
2D support bracket (Ansys), 202
2D support bracket (Workbench), 232
3D t-junction, 244
aspect-ratio distortion, 173
assemblage of element matrices, 72
axial stress member (see also bar; truss element),
17, 157, 501-502
axisymmetric element, 19, 158, 372, 503-506
axisymmetric problems, 147-148, 160, 339, 388

back substitution, 556
banded equations, 72-73
bandwidth of matrix, 73
bar or link element, 17, 157
base vectors, 278, 593
beam element
simple beam, 18, 61-68, 78-79, 344-349
simple beam with hinge, 85-86
three-dimensional beam, 78-79
body force loading, 168, 272, 281, 306, 336,
358, 369, 375, 382
boundary conditions
application of, 82-85, 428-432
convection, 314-318, 321, 478, 483-485, 495,
502-506
cyclic, 160
displacement, 82-85, 428-432
essential (Dirichlet), 267, 482, 302
force, 167-170
heat transfer, 314-318, 482
natural (Neumann), 268, 482
radiation, 314-318, 482-485, 495, 502-506
skew, 173, 429
boundary tractions, 168, 272, 281, 303, 337,
358, 369, 375, 382
boundary value problems, 268, 286

Cholesky factorization, 565
computer-aided design (CAD), 22, 25, 32,
131-132, 175

concentrated loads, modeling of, 65, 168
condition number, 569, 574, 577
conditional stability, 499, 501
conductivity matrix, 485, 493-5, 504-8
consistent load vector, 338, 344, 360, 369,
382, 401
constitutive equations (see stress-strain
relations), 358, 384
constitutive matrix, d,
axial symmetry, 340
plane strain, 339
plane stress, 338
three-dimensional, 337
with thermal effect, 384
constraint equations, 428-432
convection boundary conditions, 314-318, 321,
478, 483-485, 495, 502-506
convergence
criteria, 575, 293
LU decomposition, 559
coordinate systems
area, 413-5
cartesian, 65, 137
cylindrical, 339
generalized, 355
global, 97-104
local, 97-104
transformation, 97-104
volume, 425
CPU time, 17, 84, 145, 152, 161
Crank-Nicolson, 499
critical time step, 498
cyclic symmetry, 160

degree of freedom, 15-20
determinant, 82, 404, 547
direct current element, 59
direct integration, 492-5
displacement interpolation (see also shape
function) 51, 420

displacement method of analysis, 353
distortion of elements, 172
divergence theorem, 595-6
D-matrix (constitutive matrix)

axial symmetry, 340

plane strain, 339

plane stress, 338
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three-dimensional, 337
with thermal effect, 384
dyadic product, 589

effective
coefficient matrix, 497
film coefficient, 483
eigenvalue problem, 599-601, 575-7
elements for heat transfer analysis
axisymmetric, 503
isoparametric, 505
link element, 501
plane triangular, 502
elements for linear elastic analysis
axisymmetric, 372-7
beam 2D, 18, 61-68, 78-79, 344-349
beam 3D, 78-79
isoparametric (see isoparametric formulation)
plane strain, 353-361, 366-9
plane stress, 353-361, 366-9
solid 3D, 378-383
spring or link 1D, 17, 157
spring 2D, 99
spring 3D, 101
element shape function matrix (see shape
functions)
element types and DOFs, 17-20
equation assembly, 23
error measures, 173, 569, 573
Euclidean vector norm, 575-7
Euler backward method, 496, 499
Euler-Bernoulli beam, 344
explicit integration, 496, 499

finite element applications, 36-42
full numerical integration, 402, 406, 420
functional, 313-4, 431, 433

Galerkin method, 291

Gauss elimination, 554-8
Gauss-Jordan elimination, 554-8
generalized coordinates, 355
geometric modeling, 22, 131-8

heat capacity matrix, 321, 485, 493-5, 504,
506
heat conduction matrix, 321, 485, 493-5, 504,
506
heat transfer analysis, 476
heat transfer boundary conditions
convection BC, 314-318, 321, 478, 483-485,
495, 502-506
prescribed heat flux, 482
prescribed temperature, 481
radiation BC, 483, 485

Index

heat transfer element:
axisymmetric, 504
link element, 501
two-dimensional, 502
three-dimensional
isoparametric, 505
hear transfer mode
conduction, 476
convection, 478
radiation, 478
history
finite element development, 28
finite element programs, 30
of finite elements, 26
h-method of FE refinement, 145
Hooke’s law, 336

identity matrix, 98, 556, 588
implicit time stepping, 492-7
indicial notation

definition, 581

use, 543, 581-3
inertia and mass elements, 139
interpolation functions (see shape functions)
inverse of matrix, 552, 556, 559
isoparametric elements

definition, 397

in heat transfer, 505

in static analysis, 399-424
internal heat generation, 283-5, 313-317, 321,

485, 495, 501-8

Jacobian matrix, 400-5, 422, 507
joining unlike elements, 166

kinematic constraints, 16, 22, 65, 81, 162, 268,
271, 345, 428
Kronecker delta, 302, 586

Lagrange equation, 596
Lagrange multiplier, 428-432
Laplace equation, 481, 595
LU factorization (see also Gauss elimination),
559
least squares
collocation, 290
continuous, 289
linear dependency, 557
lumped load vectors,
node-by-node, 168-170
element-by-element, 168-170

matrix
addition and subtraction, 544
bandwidth,

611

© in this web service Cambridge University Press

www.cambridge.org



www.cambridge.org/9781107194083
www.cambridge.org

Cambridge University Press

978-1-107-19408-3 — Finite Elements for Engineers with ANSYS Applications

Mohamed Gadala
Index
More Information

612 Index

matrix (cont.)
definition, 543
determinant, 547
diagonal, 549
identity matrix, 549, 555
inverse, 549, 550, 552-6, 559
multiplication by scalar, 544
OK norms, 574
orthogonal, 98, 102, 590
partitioning, 546
products, 545
storage, 23, 35, 72
symmetry, 550
trace, 576
membrane locking, 151
mesh intensity and transition, 164
minimum potential energy, 276
minimum weighted residual, 286
model check, 172
modeling hints, 175
modeling process, 130
multi-point constraints
lagrange multiplier method, 428-433
penalty method, 428-433
substitution method, 428-433

natural coordinate system, 398
norms of

matrices, 576

vectors, 575
Newton-Raphson, 493

parametric cubic modeling, 136

partitioning (see matrix, partitioning)

penalty method, 433

Petrov-Galerkin method, 270, 293

pipe flow element, 57

plane strain problems, 146

plane stress problems, 144

p-method of fe refinement, 145

polynomial displacement fields, 275-7, 287,
354, 420

positive definiteness, 24, 397, 551

principle of virtual work 280-283

products of matrices, 545

radiation boundary conditions, 314-8, 483,
493-5
rank of a matrix, 558
Rayleigh-Ritz method, 276
Rayleigh minimum principle, 276-280
reaction calculations, 83-5
reduction of matrix to
diagonal form, 554
upper triangular form, 559

rigid body modes, 82

Ritz analysis, 276

rotation of axes, 97
round-off error, 596

shape functions
for beam element, 347
for isoparametric 1D element, 399
for isoparametric 2D elements, 402, 411,
414-5
for isoparametric 3D elements, 420-426
for truss element, 52
for 2D elements, 354
for 3D elements, 379
shear correction factor, 274
shell elements, 20
shear locking, 151
shell problems, 150
singular matrix, 162, 428, 548
skew boundary conditions, 161
solution of
continuum problems, 1, 271
global equations, 428
transient heat equation, 283, 484, 492
spring-damper element, 140
steps (phases) of FE solution, 24
stiffness matrix
assemblage, 72
transformation, 97
strain energy, 272-6
strain-displacement matrix:
definition, 53, 282, 319
elementary example, 53, 284, 321, 343, 357,
368, 374, 380, 400-406
stress calculation in beams, 66
stress concentration, 154, 174,
stress invariants, 600
stress—strain (constitutive) relations, 272, 337,
358, 375, 384
strong and weak forms of a problem, 267
subdomain method, 288
surface (traction) load vector, 268, 272, 281,
303-6, 337, 358, 360, 375, 382, 406
symmetry
axisymmetric, 18, 147, 504
cyclic, 160
non-symmetrical, 161
planar, 155

tensors, 581

thermal strains, 384-9

thermal stress, 384-9

three-dimensional solid problems, 20, 152, 378
torsional element, 59, 62

total potential energy, 276
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trace of a matrix, 576
transformations
of coordinate system, 97
of stiffness matrix, 98-104
transpose of a matrix, 549
transverse shear strains, 62

triangular decomposition, 555, 559, 564

truss element
one-dimensional, 17, 50,
two-dimensional, 99
three-dimensional, 101

two-dimensional problems:
axial symmetry, 147, 160
plane strain, 146
plane stress, 144

unconditional stability, 498
uniqueness, 289,
unit matrix, 549

variational formulations
general, 271
for 1D heat conduction, 283
for 3D heat conduction, 313
vector
change of base, 590
curl of, 595
cross product, 586

Index

definition, 581
divergence of, 595

dot product, 585

dyadic product, 589
gradient of, 595

norm of, 575

triple scalar product, 587

virtual work principle

basic statement, 271

derivation, 271

in heat transfer analysis, 283

in linear static analysis, 280
relation to potential energy, 276
use in finite element derivation, 271

warping, 172
weak form, 267
weighted residuals, minimum (MWR):

collocation, least squares, 290

collocation method, 288

comparison of MWRs, 292

continuous least squares, 289

galerkin, 291

galerkin for 2D elastic problems, 302

galerkin for 3D heat transfer problems, 317,
484

general overview, 286

weighting functions, 270, 290-3
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