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Acrylonitrile-butadiene-styrene copolymer, 11,
52, 54,74, 105, 122, 246, 302, 321,

336, 340, 354, 465
Adhesion of materials, 338

Air intake manifolds, 154, 184, 222,256

Alpha | machine, 344
Arm rests, 257
Autoclave vacuum molding, 287
Automotive parts, 219
Axiomatic design, 101
customer domain, 144
design parameters, 138, 144
functional requirements, 137, 144
independence axiom, 144
information axiom, 144
process variables, 138, 144
uncoupled, decoupled designs, 146
Azdel™, 266

Bellows, flexible and rigid, 258
Bezel, TV, 75
Birefringence, 398
Blends, 294
Blow molding
advanced, 230
appliance conduits, 256
decoration, 239
deep draw, 235
mechanism, 239
future applications, 255
inserts, 255
multimaterial, 253
parison positioning
moving mold, 249
robotic, 251

suction, 252

tiltable table, 249
press blowing, 243
processing conditions, 233
resins, 232
three-dimensional, 247

double wall, 234

injection molding comparison, 231

products, 233
Bumper, 348
Bumper beam, 299, 385
Bumper fascia, 209, 257

Caskets, 368
Cell growth, 121
Cells
open, 99
structure, 98, 101
Cellulose acetate, 400
Chair, 218
Chest of drawers, 245
Chopping boards, 245
Clamp force, 202
Class A finish, 218, 224
Clutch pedal, 33
Coextrusion, 294
Coinjection molding, 41, 332, 364
Compact discs, 399
Compression molding, 282
matched metal, 287
melt application, 359
Concurrent engineering, 457, 468
Conduits, 241
Container, 429, 432
insulated, 249
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Controlled density molding, 223
Costs
avoiding, 463 .
optimizing, 463
understanding, 461
Crack formation, 405
Cut-N-Shoot, 391

Darcy’s Law, 274, 372

Design guidelines, gas-assisted injection mold-
ing, 33

Diaphragm molding, 287

Die side injection, 221, 222

Diffusion, 106

Dual molding, 195, 220

Ducts, 247

Electronic enclosures, 224
Environmental stress cracking resistance, 320
Epoxy, 368

Feedblock, 299
Fiber, impregnation, analysis, 273
Fiber reinforced composites, fiber lengths, 260,
262
Fibers
glass, 263
reinforcing, 368
carbon, 263,271
Filler tube, gasoline, 253
Filter plates, 210
Finite element analysis, 412, 414, 419, 421,
429, 446
rib, 446
Fittings, 220
Fixtures, 219
Fluoropolymers, 97, 131
Food contact, 330
Fountain flow, 401
Fuel rails, 220
Furniture, 219, 220, 224
office, 246
Fusible core molding, 221
automation, 180
bismuth-tin alloy, 155
core casting, 158
core deformation, 165
core melting, 175
costs, 183

heat transfer, 166

mold design, 161

mold filling simulation, 162

process optimization, 160

runner systems, 163

sand cores, 153

soluble cores, 153

temperature profile, 170

thermosets, 175

tin-cadmium alloy, 155
alloy cycle, 179

Gas-assisted injection molding

advantages, 6, 44

Gas channel design, 35

channel geometry, 84

clutch pedal, 33

coinjection, 40

computer aided engineering
benefits, 63
data input, 68
mathematical formulation, 64
state of art, 62

continuous pressure generation, 3, 21

delay time, 56
design guidelines, 35, 82

discontinuous pressure generation, 3, 19

equipment suppliers, 19
fractional fill, 86

gas injection into mold, 12

gas injection module, 26

gas injection through nozzle, 11
gas injection time, 56

gas pressure, 52

gas recovery, 21

injection sequence, 13

liquid injection, 217

local increased wall thickness, 7, 34

mechanical properties, 31
melt temperature, 54

mold design, 26

mold filling, 49

panel shaped molding, 6
patents and licensing, 41
prefilled volume fraction, 52
primary gas penetration, 48

problematic conventional molding, 9

problems, 59
process cycle, 47



processing conditions, 52, 68
quality, 38
rod-shaped molding, 6, 34
secondary gas penetration, 48, 88
shrinkage
gas pressure level, 18
gas pressure time, 18
polymer grade, 18
troubleshooting, 39
wall thickness
mold temperature, 16
polymer type, 17
reinforcement, 17
warpage, 29
Gelling number, 375
Glass transition temperature, 111

Handle, 3, 219

Heat transfer, simulation, 166, 167, 375, 415

Hele-Shaw flow, 375
Henry’s law, 109, 123
Hood, automotive, 351, 383
Hydrocarbon barrier, 315
Hydroforming, 287

Impingement mixing, 370
Induction heating, 176, 294
Injection molding

high pressure, 195

high speed, 196

press assisted, 357
Injection-compression molding

sequential, 346, 360

simultaneous, 351, 355

vertical, 360
Injection-stamping process, 348
In-mold coating, 287, 360

Just in time, 203

Keyboard cover, 10
Kinetic models, 371
Kozeny-Carmen equation, 274

Lamellar injection molding
advantages, 296
compositional uniformity, 302, 305
cycle time, 309
dimensional stability, 317

Subject Index

feedblock, 299

gate and runner design, 308
hydrocarbon barrier, 315
layer multiplication, 296
layer uniformity,

optical clarity, 317
permeability, 294, 303, 312
process reproducibility, 311
recycling, 31

rheological matching, 310
structure-property relationship, 303
temperature resistance, 323
tie layers, 309

wall thickness, 308

Laminate molding, 195, 211
Leaf spring, 446
Lean molding

achieving change, 479
analysis software, 471, 477
compatibility issues, 455
costs and rewards, 475. See Costs
definition, 455
faster/better/cheaper, 460
implementation, 454, 470
manufacturing system, 472
mold builder, 455
molder, 455
monitoring benefits, 482
optimizing systems/components, 454
over-the-wall engineering, 457
problem avoider/solver/optimizer, 459
process and structure redesign, 476
product designer, 455
raw material suppler, 455
simulation. See Simulation
attitudes, 464
early work, 464
skills and responsibilities, 475
warpage, minimizing, 469
Liftgate, automotive, 376
Liquid crystalline polymer, 302
Liquid gas assist, 195
Lofting, 279
Low pressure molding
characteristics, 194
cycle time, 198
enabled processes, 195
hydraulics, 205
materials, 199
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Low pressure molding (continued) equipment, configurations, 342
melt temperature, 198 interface, 336
mold design, 203 sliding, 341
plastication, 205 plastic-metal composites, 354
pressure profile, 197 process sequence, 336
shrinkage and warpage, 199 shrinkage, 336
thermal expansion, 335
Manifolds, 220 Multipoint volume injection control, 195, 207
Microcellular plastics Multistation mold, 195, 202, 219
advantages, 99
batch processing, 125, 127 Nucleation, 116
cell growth, 121, 139 competition with growth, 134
continuous processing, 133 crystalline and amorphous, 118
extrusion, 134, 138 heterogeneous, 103
definition, 97 homogeneous, 104
gas concentration pressure drop rate, 136
crystallinity, 113
glass transition temperature, 113 Orientation distribution function, 409
mechanical properties, 113 Orientation/warpage prediction
gas solubility-temperature-pressure, 125 compression molding, 404
history, 94 converging flow, 413
mechanical properties, 132 fiber orientation, 404, 415, 439
microstructure, 103 finite element analysis, 412, 414,419, 421,
physical properties 429,442, 446
fatigue life, 142 orientation distribution function, 409
hardness, 142 planar orientation, 408, 411
thermal conductivity, 141 property change with cure, 438
skin layer, 133 reacting plate, 434
supermicrocellular, 120, 121 residual stresses, 415
thermodynamic instability, 125 modeling, 415, 417,419
See Cells; Nucleation sandwich beam, 421
Migration of polymer, 209 simulation
Mold design box, 429, 432
expanding core, 29 leaf spring, 446
gas-assisted injection molding, 26 rib, 446
gating, 28 test specimen, 433
multicavity molds, 27 specific heat, 427
spillover cavities, 29 specific volume, 426
undercuts, 27 spring-forward effect, 434, 439, 440
Molecular orientation, 398 thermal conductivity, 428
Multimaterial, blow molding, 253 thermal strain, 439
Multimaterial multicolor, 332, 364 thermal stress-strain modeling, 438
Multimaterial multiprocess thermomechanical behavior, 414, 423,
adhesion of matenials, 338 451
advantages, 332 truck fender, simulation, 412, 442
Alpha 1 machine, 344 Overmolding, 220, 221, 333
commercial products, 352 two shell, 222

distortion, 341 Over-the-wall engineering, 457



Pallet, 346
Panel
air conditioner, 247
automotive, 210, 215, 369
interior door, 357
blow molding vs. steel, 244
freezer, 73
water resistant, 227
Peak melting temperature, 285
Permeability, gas, 294, 303, 312
Pipe fitting, 465
Planter pots, 464
Planters, 241
Plating, automotive part, 465
Polyamide, 11, 52, 54, 154, 164, 169, 174, 233,
263, 269, 302, 315,317
Poly(butylene terephthalate), 11, 209, 263,
267, 302, 310, 320, 323, 336, 340
Polycarbonate, 11, 52, 54, 122, 209, 263, 302,
305, 310, 317, 320, 323, 340, 399
Polyester, 323, 368
Polyester, low shrink, 443
Poly(etherarylketone), 174, 189
Poly(etheretherketone), 263
Polyethylene, 11, 105, 121, 122, 127, 130, 233,
242, 245, 263, 277,294, 302, 304, 315
Poly(ethylene-co-vinyl alcohol), 294, 302, 304
Poly(ethylene 2, 6-naphthalene dicarboxylate),
325
Poly(ethylene sulfide), 174
Poly(ethylene terephthalate), 104, 105, 108,
111, 113, 118, 122, 129, 263, 265, 302,
315,317
Poly(methylmethacrylate), 111, 129, 302, 305,
317, 400
Poly(methylpentene), 104, 105, 120, 122
Poly(oxymethylene), 174, 354
Poly(phenylene ether), 174, 245, 294
Poly(phenyleneoxide), 11, 340
Poly(phenylene sulfide), 263
Polypropylene, 11, 56, 74, 96, 174, 200, 205,
211, 218, 220, 225, 233, 255, 264, 266,
267,276,271, 283, 285, 302, 315, 317,
336, 425
specific heat, 427
specific volume, 426
thermal conductivity, 428
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Polystyrene, 11, 95, 105, 123, 128, 141, 233,
245, 294, 302, 400

specific heat, 427

specific volume, 426

thermal conductivity, 428
Poly(styrene-co-acrylonitrile), 315
Poly(styrene-co-maleic anhydride), 302
Polysuifone, 263
Polyurethane, 96, 255, 302, 321
Poly(vinylchloride), 105, 111, 122, 263, 340,

465

Pool side products, 368
Preform, 368
Preforming, 387
Pressure-volume-temperature, 423
Programmable Powered Preform Process, 389
Pultrusion, 265, 269, 271
Pump

aircraft fuel, 189

automotive water, 187

Race tracking, 385
Reactive liquid molding
air conveying of fiber, 388
bladder preforming, 392
directed fiber, 388
economics, 391
efficient preform/fabrication, 369
faster reacting systems, 369
flexible resin transfer molding, 392
flow distribution, 392 :
kinetic models, 371
mixing activated, 386
mold vent location, 376
multiprocess preforming, 390
preforming, 387
simulation, 373
lift gate, 394
thermally activated, 386
variable injection rate, 392
Recrystallization peak temperature, 285
Recycling, 311, 333
Refractive index, 398
Resin transfer molding, 368, 386
Reynolds number, 374
Rheology, reacting materials, 372
Rubber, thermoplastic, 205
Rubber pad molding, 287
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Sanitary ware, 368
SCRIMP, 393
Seat, 211, 216
Self-clamping moid, 195, 204
Sheet molding compound, 96, 132, 289, 404,
420,439
Shell core molding, 195, 220
Shipping cases, 241
Shrinkage, gas-assisted injection molding, 18
Simulation
combined with experience, 467
process change, 470
understanding tool, 466
Simulation of mold filling
attitudes, 464
early work, 464
Sink, 216
Sink marks, gas-assisted injection molding, 2
Slurry deposition, 267, 272, 389
Spoilers, 257
Spring-forward effect, 434, 439
Stress-optical rule, 424
Structural reaction injection molding, 386
Styrene-acrylonitrile copolymer, 11, 302, 340
Supercritical carbon dioxide, 110

Table top, 7, 34, 224, 225

Tait equation, 425

Telephone booth, 353

Tennis racquet, 155, 186

Textiles, laminate molding, 211
Thermal expansion, 334
Thermoformable mat, 387
Thermoforming, 281

Thermoplastic cellular molding, 223
Thermoplastic elastomer, 11

Thermoplastic polyurethane, 11
Thermoplastic sheet composites
commingling, 270, 271
coweaving, 270, 271
direct part forming, 279
fast compression molding, 282
film stacking, 265
melt impregnation by extrusion, 256, 272
melt phase stamping, 281
powder impregnation, 269
pultrusion
thermoplastic, 265, 271, 286
thermoset, 269
slurry deposition
lofting, 279
sheet consolidation, 278
solid-state stamping, 282
solvent impregnation, 264
thermoplastic vs. thermoset, 261
Transfer molding, 294
Truck fender, 412, 442

Vacuum-assisted resin injection, 368
Valves, 154, 220, 223

Variable density molding, 195

Vent, air, 354

Viscoelastic behavior, 430

Warpage
gas-assisted injection molding, 29
minimizing, 469
Water meters, 154
Weber number, 108
Williams-Landel-Ferry equation, 431
Window channel, 90
Window frames, 224





