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Index

a
Abnormal material supply 556
Abnormal process 556
Abrasive jet machining (AJM) 383, 415
Accessibility 344
Accessibility analysis 356, 360
Accessible resources 568
Accuracy 338, 458
Acrylonitrile butadiene styrene (ABS) 546
Active system types

interferometry 193, 195
laser pulse 193, 194
photogrammetry 193, 195
time-of-flight 193, 194
triangulation 193, 194

Adaptability 505, 510, 521
Additive layer manufacturing (ALM) 535,

536
Additive manufacturing (AM) 6, 9, 417, 535,

538, 541, 549, 551–557, 559, 560
After-sale services 501
Agflation 571
Agility 505, 510
Air acidification 586, 592
American system 3
Annual global temperature 569, 570
Application integration 503
Architecture types

baseline 517
in-transit 517
target 517

Articulated robot 229

Artificial intelligence (AI) 515, 518
Assembling systems 290
Assembly design 10
Augmented reality (AR) 514
Autodesk Recap 209, 210
Automated fibre placement (AFP)

485
Automated material handling systems

(AMHSs) 374, 378
Automated storage and retrieval systems

(AS/RS) 289, 374, 376, 378
Automatibility 369
Automatically programmed tools (APT)

396, 398
Automation types

element-level 373
full-automation 371, 372
hard-automation 371
machine-level 374
programmable-automation 371
system-level 374

Autonomous guided vehicles (AGVs) 372,
378, 514

Auxiliary tools
drill bits 289
milling cutter 289
shapers 289

Axes
primary rotary axes 387
secondary linear axes 387

Axiomatic design theory (ADT) 143, 164,
221, 338
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b
Barrel 433
Base supports 337
Basic length unit (BLU) 380
Basic mechanism

cam 231
eye-bar type link 231
intermittent-motion devices 231
screw 231
tension-compression parts 231
wheel and axis 231

Batch production 292
Batch-size-one 372
Bernoulli theorem 424
Big data (BD) 520, 521
Big data analytics (BDA) 505, 515, 518, 521,

522, 530
Big dimensionality 520
Bill of materials (BoM) 109, 164, 333
Binder jetting 543, 545
Blockchain technologies (BCT) 515
Block structure 400
Boolean operation 98
Bottom-up approach 86, 146, 147, 150
Boundary element analysis 67
Box jigs 335, 336
Braiding process simulation 485
Bushing 466
Business functions 367
Business intelligence (BI) 373, 500, 510, 511
Business process integration 503

c
CAD-to-part process 174, 176
Camera for photogrammetry 209
Cam lock 336
Capital

cost 338
depreciation 594
flow 571

Carbon footprint 586, 592
Casting 414, 416, 420
Casting elements

coe 431
cores 430

drag 431
flask 431
gates 430
mold 431
riser 441
runner 431
sprues 430
vents 430

Cavities 430, 436, 460–462, 468, 473, 475,
478

Cell formation problem (CFP) 320
Cellular manufacturing (CM) 283, 286, 294,

296, 320–322, 324–326, 346
Center of gravity (CoG) 268
Central computing units (CPUs), 19
Chvorinov rule 426
Clampers 337, 344, 345
Clamper types

actuated parallel 348
eccentric 348
screw 348
toe 348
toggle 348

Clamping unit 466
Classification methods

chain-type structure (polycode) 307, 308,
310

hierarchical structure (monocode) 307,
308

mixed-code structure 307, 311
Clay model 174
Cleaner production 566
Climate change 572
Clockwise (CW) 116
Closed-loop 225, 226
Closed system 349, 565
Close-range photogrammetry (CRP) 200
Cloud

computing 19, 505
scalability 19, 515
services 209
technology 18, 19

CO2 569, 576, 586
Cold working 416, 417
Combined chain 226
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Common object request broker architecture
(CORBA) 503

Comparator 382
Complex machine 221
Component object model (COM) 503
Composability 504
Composite product approach 320
Composition operations 70
Compression moulding 483, 484
Computational geometry 37
Computational geometry approaches

ball-pivoting algorithm 182
crust algorithm 182
power crust algorithm 182
tight cocoon algorithm 182

Computed tomography (CT) 178, 200
Computer-aided

automated drafting and machining
(ADAM) 8, 9

geometric modelling 37
machine design 219
mould analysis 439, 483
mould design 475
tools 4, 5, 7, 20, 160, 586

Computer-aided design (CAD) 7, 22, 179,
269, 333, 372, 375, 452, 500, 503, 511,
542, 550, 559, 561

Computer-aided design and manufacturing
(CAD/CAM) 8, 14, 21, 22, 25, 179,
356, 374, 457

Computer-aided engineering (CAE) 9, 118,
179, 361, 375, 484, 511

Computer-aided fixuring design (CAFD)
331, 333, 335, 357, 358, 500, 535, 541,
559

Computer-aided manufacturing (CAM)
179, 333, 367, 372, 375, 384, 395, 398,
456, 500, 503, 535, 541, 559

Computer-aided process planning (CAPP)
333, 357, 374, 511, 535, 541, 559

Computer-aided qulity (CAQ) 511
Computer-aided reverse engineering (CARE)

173, 178, 208, 213
Computer graphics 37
Computer graphics approaches 181, 182

Computer integrated manufacturing (CIM)
3, 6, 372, 500, 508, 518, 528

Computerization 521
Computerized scheduling and production

control 374
Computer numerical control (CNC) 5, 295,

348, 372, 374, 378, 380, 386, 390, 394,
395, 457, 492, 500, 511, 547, 554

Concurrent engineering (CE) 6, 125, 128,
147, 164, 419, 500

Connectivity 521
Conserve energy 576
Consistency 508
Constructive solid geometry (CSG) 69, 72,

73
Consumerization 515
Contact device 191
Continuity law 425
Continuous flow process 292
Continuous improvement (CI) 128, 129,

147, 149, 164, 505, 563, 584, 585,
587

Continuous manufacturing 331
Contouring algorithm 185, 187
Control loop unit (CLU) 379, 380
Conversational programming 394
Convertibility 580
Cooling channels 473, 474
Cooling rates 443
Cooling system 472
Coordinate measurement machines (CMMs)

178, 200, 207, 377, 378
Coordinate systems (CSs)

absolute 390, 392
Cartesian 39, 186, 229, 249, 387, 551
cylindrical 39, 233
default planes 387, 388
incremental 391, 393
inertia 263
local coordinate system (LCS) 235, 237,

239
polar 233
principal 260
spherical 39
world 264
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Coordinate transformation 43
mirroring 43, 45
projection 43, 45
rotation 43, 44
scaling 43, 44
translation 43, 44

Cores 436, 475, 481
Corner radii 439
Counter 382
Counterclockwise (CCW) 116
Craft system 3
Cross-products of inertia 260
Cross-sections

circular 462
full round 463
modified trapezoid 463

Crystallization 436
Customer engagement 511
Customer relationship management (CRM)

500, 511
Customer requirements (CRs) 143, 284
Cutting location (CL) file 396, 398
Cutting tools 284, 398, 451, 456
Cyber-physical system (CPS) 23, 501
Cycle-time 474
Cylindrical Workpiece 342

d
Data

acquisition 179, 183, 188, 196, 197,
200

collection 520
integration 503
management 520
preparation 556
processing unit (DPU) 379, 380
rich but information poor (DRIP) 502
structure 72
utilization 520

Data-enabled Resources 515
Data processing types

comparison 183, 184
feature detection 183, 184, 205
filtering 183, 184, 201
registration and integration 183, 184, 204

segmentation 183, 184, 206
simplification and smoothing 183, 184,

205
surface reconstruction 183, 184, 205

Dead spots 472
Decentralization 504, 505
Decentralized manufacturing 566, 567
Decision-making support 367, 372, 499, 503,

521
Dedicated fixtures 346
Deflection limit 338
Deformation plot 488
Deforming process 417
Degree of freedom (DoF) 157, 223, 224, 226,

230, 235, 337, 339, 343
Delaunay triangulation 182
Denavit–Hartenberg (D-H) parameters 157,

158, 246–248, 252
Desertification 571
Design

analysis 85
automation (DA) 87, 117
equations 87, 103, 104
intents 74, 87, 101, 103
methodology 10
parameters (DPs) 85, 145
space 12
synthesis 85
tables 87, 105, 116
templates 117
types

integrated 12, 14
new 12, 14
parametric 12, 14
redesign 12, 14
routine 12, 14
selection 12, 14

variables (DVs) 12, 109, 219, 221, 222
Design for

assembly 22
moldability 438

Design for additive manufacturing (DfAM)
535, 554, 555, 560

Design for manufactuing (DFM) 126, 429,
438
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Design for manufacturiability (DFM) 126,
500

Design for manufacturing and assembly
(DfMA) 126

Design for sustainability (D4S) 563, 577,
584, 585, 587

Destructive device 191
Detachability 344
Deterministic location 338
Diagnosability 580
Diameter programming 389
Die

casting 453
extrusion 456
forging 456
sheet metal 456
stamping 456

Digital
engineering 511
factory 515, 518
modelling 176, 179
technology platform 511
twin 511

Digital manufacturing (DM) 499, 500, 502,
503, 505, 508, 511, 514, 518, 520, 521,
528

Digital model types
hybrid solid model 181
non-uniform rational basis spline (NURBS)

180
point cloud 180
polygonal 180

Digitization 502, 515, 549
Digitized manufacturing 535
Dimensional

accuracy 535
compensation 428
control 341
parameters 99
synthesis 230, 232
tolerances 421

Direct
kinematics 246
labor 284
manufacturing 535

Direct energy deposition (DED) 535, 543,
547, 548

Direct light processing (DLP) 543, 556, 559
Direct metal deposition (DMD) 535, 559
Direct metal laser sintering (DMLS) 556
Direct numerical controls (DNCs) 379, 381
Discipline domain 219, 220
Discrete

manufactured product 540
manufacturer 331, 333

Discrete event dynamic system (DEDS) 377,
511, 522, 523

Distance energy 205
Distributed

database 19
production 297

Distributed component object model (DCOM)
503

Distributed manufacturing (DM) 6, 290,
297, 299, 302

Downstream industry 454
Downtime 583
Draft 429
Draft analysis 477, 487
Draping simulation 485, 486
Drill bushing 336
Drop-on-demand (DOD) 545
Dynamic analysis 342, 343
Dynamic modelling 259, 265, 266

e
Earth ecosystem 564, 575
Earth’s ecology 573
Eco-efficiency 566
Eco-manufacturing 565
Edge computing 515
Ejection 436, 466

system 471
types

air 472
pin 472
sleeve 472
stripper 472

Electrochemical machining (ECM) 415
Electrochemical polishing 554
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Electro-discharge machining (EDM) 287
Electron beam melting (BM) 535, 547
Electronic industries association (EIA) 385,

386, 401
Electroplating 554
Elements of machine design

calculations 221
conceptions 221
inventions 221
refinements 221
specifications of details 221
visualizations 221

Elongation 487
Emissions

direct 574
indirect 564

Enabling technologies 575
End-effector 227, 229, 235, 244, 245, 251,

263
End-of-block (EOB) 400
Energy

consumption 423, 566–568, 573, 576
discovery 568
exploration 567, 568
flow 575

Engineering drawings 37
English system 3
Enterprise

mission 369
requirements planning 7

Enterprise architecture (EA) 503, 507–510,
515–517, 529

Enterprise data integration (EDI) 503
Enterprise information system (EIS) 367,

500
Enterprise resource planning (ERP) 7, 373,

500, 511, 514, 515
Entropy 506
Environmental deterioration 571
Environmental impact 576, 583, 586, 588,

591–593
Environmentally conscious manufacturing

563
Equations of motion 261
Euler angles 239, 240, 250

Euler–Poincare law 59, 63
Expandable mould casting

ceramic mould casting 423
expanded polystyrene casting 422
investment casting 422
plaster mould casting 422–423
sand casting 422
shell modeling casting 422

Exponential expression 241
Export embargoes 571
Extensible markup language (XML) 503
External discretionary 508
Extinction of species 563

f
Failure modes and effects analysis (FMEA)

126
Feature-based modelling 74, 77, 78
Filling settings 447
Finish part 414
Finite element analysis 67, 187, 486
Fixed cost 137
Fixture

adaptive fixture 349, 377
adjustable 349
conformable fixture 349, 353
custom 347
design 354, 360, 418
design library 357
fixtureless system 349, 377
general-purpose 345, 346
milling 347
modular fixture 75, 349, 351
phase-change 349, 352
planning 355
system 288
tombstone 347
tools 418
unit design 355
welding and inspecting 456

Flash 435, 436, 440, 441
Flexibility 338, 504, 510
Flexible fixture system (FFS) 348, 377
Flexible manufacturing system (FMS) 3, 6,

286, 287, 295, 297, 302, 350, 374, 500
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Flow lines 294
Flow+pack+warp 447
Flow patterns 443
Foil polymerization 539
Food and water scarcity 571
Food scarcity 571
Footprint 574
Force-closure condition 343
Force equilibrium equations 264
Forging 414
Formability 416
Form closure 343
Forming process 540
Forward dynamics 259
Forward engineering 173, 174
Forward kinematics 249
Fossil fuel 568, 572
Four-bar mechanism 230, 240
Framework 358
Free-body diagram (FBD) 261, 262, 343
Free-form surfaces 174
Free trade 574
Functional design 10
Functional oriented 347
Functional prototyping 537
Functional requirements (FRs) 85, 125,

142–144, 219, 221–223, 278, 337, 338,
458, 502, 518, 560

Fused deposition modelling (FDM) 535,
552–554, 556, 558, 559

Fused filament fabrication (FFF) 538
Fuzzy control 377

g
Gates 436, 441, 463, 464, 468–471
Gate thickness 470
G-code 380, 395, 396, 401
Generalized coordinates 66
Generative models 85
Geometric

constraints 87, 99, 100, 338
control 339
elements 39, 56
features 331
modelling 37

tolerance 341
topology 59

Global
economy 566, 572, 574
registration 204
temperature 571
variables 103
warming 563, 566, 569, 571, 574

Globalized markets environmental concerns
566

Global warming potential (GWP) 586
Governing equations 424
GRAI integrated methodology (GRAI-GIM)

508
Graphic approach 523
Graphic processing units (GPUs) 19
Graphic user interface (GUI) 9
Greenhouse gas emission 571, 574
Green manufacturing 563, 564
Green state 545
Green supplies network (GSN) 583
Gross domestic product (GDP) 1, 576
Group technology (GT) 283, 303, 306, 321,

322, 326
G-words 402

h
Hardware in the loop (HIL) simulation 19
Hardware system 15, 188, 191, 284, 288
Heuristic algorithms

conjugate gradient algorithm 219
genetic algorithm 219
quasi-Newton algorithm 219
steepest descent algorithm 219

High-performance computing (HPC) 518,
519

Homogenous representation 235
Hoppe algorithm 186
Hot cutter machining (HCM) 554
Hot working 416, 417
Human and machine 368
Humanizability 369
Human machine interaction 5, 14, 566,

567
Human-to-human 513
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i
Identification and control equipment 289
Indexed links 228
Indirect labor 284
Industrial

Internet of Things (IIoT) 511, 518
Manipulator 221
revolution (IR) 500, 501, 573
robots 376

Industrial ecology 565, 566
Industry types

Primary 1
Secondary 1
Tertiary 1

Inertia 259, 263
Information and communication

technologies (ICTs) 511
Information flow 2, 287, 367–369
Information system 85
Information technology (IT) 5, 25, 173, 500,

508, 513, 516
Information transparency 502
Infrastructure as a service (IaaS) 7
Injection

location 445
mould 461
moulding 414, 417, 432, 436, 437, 460, 474
unit 433, 466, 541

Inlet 472
In-memory computing 515
Inserts 436, 478
Insight segmentation and registration toolkit

(ITK) 186
Inspection plans 333
Integrability 580
Integral product 136
Integrated planning 514
Integrity 508
Interference detection 359
International treaties 574
Internet of Things (IoT) 20, 501, 502, 510,

512, 513
Intrinsic parameter 98, 99
Inverse dynamics 259
Inverse kinematics 245

Investment casting 546
Islands of automation 499
Isomorphic configurations 156
Iterative closest point (ICP) 204, 205

j
Jacobian matrix 248–250
Java remote method invocation (JavaRMI)

503
Jigs 335, 336
Joint types

cylindrical 225
prismatic 225, 230, 251
revolute 225, 229, 230, 251
screw 225
spherical 225
univerisal 225

Just in time (JIT) 500

k
Key performance indicators (KPIs) 505
Kinematics 233

analysis 342, 343
approach 486
chain 225, 232, 250
and dynamic modelling 269, 278
parameter 244

Kinematic solver
forward kinematic 240, 243, 249, 255
inverse kinematic 240, 242, 243

Kinematic synthesis 230
Kinetic energy 266
Knowledge-based engineering (KBE) 85, 87,

89, 163, 164, 177, 213, 356, 451
Knowledge reuse 130, 169

l
Lagrangian method 266, 269
Laminated object manufacturing (LOM)

547
Laser beam machining (LBM) 415
Laser beam melting (LBM) 535
Laser micro-machining 554
Law of flow continuity 465
Layer technology 536, 538
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Layout of flexible manufacturing system
ladder 297, 298
loop 297, 298
open field 297, 298
progressive 297, 298
robot centre 297, 298

Layout of runners
balanced 464–466
h-bridge 464, 465, 467
radical 464, 465, 467
standard (herringbone) 464, 465, 467
star 464, 465, 467
unbalanced 464–466

Lead time 457, 518, 542
Leaf jigs 335, 336
Lean engineering 126
Lean manufacturing 500, 539, 563, 582
Lean production (LP) 3, 126, 563, 564,

582
Learning capability 505
Leveraging methods

beachhead 150, 153, 154
horizontal 150–152
vertical 150, 152, 153

Lifecycle thinking 566
Linearization 185
Line contacts, plane–on–line 343

line-on-plane 343
space 249

Linked cells 295
Link types

binary 223, 224
hexagon 223, 224
pentagon 223, 224
quaternary 223, 224
ternary 223, 224

Locating ring 468
Locators 336, 337, 344, 345, 347
Locator types

adjustable-pushing 347
adjustable-spring 347
concentric 347
flat 347
radical 347
round 347

Logistics management 542
Lost-wax casting 546

m
Machine, learning 515

control unit (MCU) 378–380
design 219, 223, 270
design process 222
to environment 513
to human 513
to infrastructure 513
to machine (MTM) 511, 513
process control 368

Machined parts 383
Machinery 414, 451, 452, 572
Machine tools

drills 452
general purpose 287
grinders 452
laser 452
lathes 288, 388, 452
metel forming 287
mills 288, 388, 452
non-traditonal 287
plastic forming 287
water-cutting 452

Machining operations
boring 414
broaching 288, 414
conventional 383
drilling 288, 414
grinding 288, 414
hobbing 288, 414
milling 288, 414
non-conventional 383
planning 288, 414
sawing 288, 414
shaping 288, 414
threading 288, 414

Machining parameters
coolant flow 376
cuting speed 376, 383
feed depth 376, 384
feed rate 376, 384
spindle speed 384
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Machining processes 382
Machining programming 384
Manifold 59, 185, 462
Manual programing 394
Manual teaching 376
Manufacturing automation 371
Manufacturing execution system (MES)

373, 500, 511, 514, 515
Manufacturing planning 368
Manufacturing processes 284, 413, 420, 588
Manufacturing resource planning 500
Market needs 572
Mass customization 139, 370, 501
Mass production 139, 286, 287, 291, 331, 370
Mass products of inertia 260
Material

extrusion 543, 546
financial impact 592
flow 2, 287, 367–369, 503, 575
handling (MH) 283, 284, 288, 289, 297
jetting 543, 545, 546
library 587
processing 588, 589
production 287
removal processing 415
resource planning (MRP) 357, 500, 511
single-purpose 287
special-purpose 287

Material handling tools 289
Material removal rate 383
Mate types

advanced 272
dimension 114
mechanical 272
standard 272

M-code 380, 404
Mechanical control 341
Mechanisms

over-actuated 230
under-actuated 230

Mechanization 369
Melting 435, 436
Metal deposition 547
Metal forming

extruding 288

forging 288
processes 415
rolling 288

Metal products 541
Metal sheet forming 414
Metalworking 376
Metrics

for decision making 575
for sustainable manufacturing 575

Microelectronics 501
Micro-machining process (MMP) 554
Million barrels of oil equivalent per day

(mboe/d) 567
Mobility 226, 228, 504
Modelling methods

boundary surface modelling (b-rep) 65
space decomposition 67
surface modelling 64
wireframe 63

Modelling paradigm 523
Modelling techniques 163
Modelling tools

extruding 70, 77
lofting 70, 77
revolving 70, 77
sweeping 70, 77

Model preparation 271
Modular architecture 156
Modularity 504, 580
Modularity methods

bus based 143
component sharing 143
component swapping 143

Modularization 130, 131, 133, 138, 142
Modular manufacturing 514
Modular product 136
Module types

common 139
unique 139
variant 139

Moldability 435
Mold tool 478, 488
Moments of inertia 259, 260
Morphological knowledge reuse 86
Morphology 163
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Motion analysis 240
Motion domain 219, 220
Motion path types

point-to-point path 392, 395
three-dimensional continuous path 393,

395
two-dimensional continuous path 393,

395
Motion profiles

constant speed 274
data points 274
distance 274
expression 274
oscillation 274
segments 274
servo motor 274

Motion study 38
Motion types

angular 260
linear 260
rotational 235, 237, 238
translational 235, 237

Motion variables
contact 274
damper 274
force 274
gravity 274
motor 274
spring 274

Mould
base 436
defects 440
filling 432, 439, 444, 446
layout analysis 447
making 536
plates 436
tool 418, 478, 479, 487

multiplier effect 2
Multi-point cutting 383
M-words 404, 406

n
National Tooling and machining association

(NTMA) 456
Natural resources 567, 572, 574, 576

Near-net-shape 541
Networked factory 514
Network models

collaborative cloud manufacturing 297,
302

contract manufacturing 297, 301
mobile factory 297, 301
owner-based micro production 297, 301
production franchise 297, 302

Newton–Euler formulation 261, 262
Non-contact device 191
Non-discretionary standards 508
Non-functional models 547
Non-permanent joint 416
Nonrenewable resources 567
Non-rotational products 305
Non-traditional machines

chemical 288
electrical 288
electro-discharge machining 288
electronic 288
physical processes 288

Number synthesis 230
Numerically control (NC) 74, 350, 375, 378,

380, 395, 399

o
Object-oriented method (OOM) 131, 499,

523
Offline programming 376
Open-loop 225, 226, 349
Open-source programming 519
Opitz coding system 312–315
Outlet 472

p
Pair-wise registration 204
Paper lamination technology (PLT) 547
Parallel computing 19
Parallelism 341
Parameter identity (ID) 97
Parametraized

curves 93
lines 91
points 89
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Parametraized (contd.)
surfaces 94

Parametric design 10
Parametric model 87–89, 174
Pareto set 286, 287
Part family 304
Particulate process 416
Parting lines 429, 441, 475, 476, 479
Parting surfaces 476, 479
Part-to-CAD process 174–176
Passive stereo-vision 192, 193
Pattern shrinkage allowance 428
Permanent joint 416
Permanent mold processes

basic permanent mold 423
centrifugal casting 423
continuous casting 423
die casting 423
squeeze casting 423

Perpendicularity 341
Persistence 505
Petri nets 377
Piecewise-linear interpolation 182
Pipe and fitting 421
Planar contacts 343
Planar mechanism 227, 240
Planes

primary plane 339, 341
secondary plane 339
tertiary plane 339

Planning and scheduling 283
Plasma arc 547
Plastic forming

blow molding 288
injection molding 288
thermoforming 288

Plastics moulding 453
Platform as a service (PaaS) 7
Platform elements 140
Platforming technology 125, 129, 130, 133,

160, 283
Platform integration 503
Platform leveraging 149
Point contacts

line-on-line 343

plane on point 343
point-on-plane 343

Points cloud 174, 175, 179, 189
Pollution 563, 566, 574
Pollution control 566
Population 568, 572, 573
Positioning device 283
positioning equipment 289
Position methods

portable CMM scanning 197
portable scanning 197
structured lighting 197, 198
tracked scanning 197, 199

Post-cutting treatment 454
heat treatment 454
Surface treatment 454

Post-processing 553, 556
Post-use 577
Potential energy 266
Pouring operation 424
Pouring temperature 430
Powder materials 544
Powder metallurgy 414
Power bed fusion (PBF) 543, 544
Power supply 414
Precision 458
Predictive manufacturing, (PM) 6
Predictivity 521
Pre-manufacturing 577
Primary shaping process 414
3-2-1 Principle 339, 342
Processing operation 414
Process types

adhesive bonding 539
casting 422, 428, 429, 432
cooling and refrigeration 572
deforming 451
electrochemical 572
extrusion 539
flow 523
forming 451, 452
injection moulding 541
lamination processing 539
lighting bonding 539, 545
liquid polymerization 539
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material removal 451, 452
miscellaneous 572
power bed fusion 544
sintering 539
thermoforming 483

Product classification and coding 305
Product cost 137
Product data management (PDM) 23
Product design graphics system (PDGS) 8
Product family 140, 305, 320
Product family types

module-based 143
scale-based 145

Production facilities 367, 375
Production family oriented 347
Production flow analysis (PFA) 304, 317
Production oriented 347
Product lifecycle assessment (LCA) 372,

501, 563–565, 584, 586, 588, 593,
596

Product lifecycle management (PLM) 7, 8,
20, 126, 500, 511, 563

Product platforms 132, 140, 142, 156, 162
Product, process, production, and platform

(4P) 24
Product variants 135, 163
Programmable logic controllers (PLCs) 377,

501
Programming language 401
Program structure 400
Property enhancement 414
Property enhancement types

annealing 416
grain refining 416
hardening 416
normalizing 416
shot peeing 416
tempering 416

Pumping mechanism 228
Pure rotation 238

q
Quality

control 7, 355
durability 459

maintainability 459
performance 459
plans 333
product life 459
standards 333

Quality Function Deployment (QFD) 144,
511

r
6R 564–567, 580, 582, 596
Radius programming 389
Ramp-up 506
Rank-order clustering (ROC) 318, 320, 326
Rapid casting 537
Rapid manufacturing 538
Rapid product development 175
Rapid prototyping (RP) 174, 207, 536
Rapid tooling 537, 538
Re-conception process 179
Reconfigurability 338, 504, 580
Reconfigurable

assembly system 580
fixturing system 580
machining system 580
manufacturing system (RMS) 580
material-handing system 580

Reconfiguration 302
Recover 564
Recrystallization 416
Recyclability 576
Recycle 564
Redesign 564
Reduce 564
Redundancy 505
References

geometry dimension 114
lines 40
machine reference (M) 390, 391
part reference zero (PRZ) 390, 391
planes 40
points 40
tool reference 390, 391

Reflective signal 193
Regularizing term 205
Reinforcing ribs 439
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614 Index

Relational database management systems
(RDBMSs) 520

Remanufacturing 564
Remote service 566, 567
Repeatability 338, 535
Representation energy 205
Representation of shape 53
Resiliency 504
Resource efficiency 584
Return on Investment (RoI) 178, 295, 511
Reuse 564, 576
Reverse engineering (RE) 173–175, 178,

207, 213, 549
Revolution per minute (RPM) 397, 399
Reynolds number (Re) 424
Right angle plate 345
Rigid body 343
Rigid contacts 343
Rising cost of energy 566
Robot configurations 156
Robotic fixtureless assembly 353
Robot platform 161
Rotational products 305
Route sheet 290
Rule-based controls 377
Runner

branched 465
main 465
system 441, 462, 464

s
Scalability 504, 580
Scale-invariant feature transform (SIFT)

algorithm 200
Scanning methods

area scanning 200
line scanning 194, 199, 200
single-point 194, 199, 200

Scanning processes 199
Screw 433
Sea level 569, 570
Selective deposition lamination (SDL) 559
Selective laser melting (SLM) 535, 559
Selective laser sintering (SLS) 556, 558
Sellers’ market 331

Services as products 566, 567
Service workflow 500
Servo controller 382
Setup planning 355
Shannon entropy 506
Shape-from-motion 192
shape-from-shading 192
Shaping processes 414, 416. 419
Sheet lamination 543, 547
Sheet moulding compound 483
Shortage of nature resources 566
Short shot 435, 436, 442
Shrinkage 426, 428, 455, 470, 474
Shrinkage allowance 428
Shrinkage compensation 437, 438
Shrink factors 427
Shut-off surfaces 476
Simio 522–530
Simple machines

box closer 227
can crusher 227
car window wiper 227
exercise machine 227
front loader 227
microwave carrier 227
package mover 227
simple press 227

Simulation Programming Language
(Simscript) 523

single-linkage clustering (SLC) 318
Single-point cutting 383
Sink marks 443, 446
Sin plate 345
Sintering 416, 417
Slicing planning 551
Slugs 463, 467, 468
Small and medium sized enterprise (SME)

4, 19, 116, 326, 348, 394, 433, 454
Smart things 501
Social, mobility, analytics, and cloud (SMAC)

511
Software as a service (SaaS) 7
Software system 17, 188, 284
Solidifications 416, 432
Solidification time 426
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Index 615

Solid imaging concept modelling 537
Solid modelling 68
Solid primitives 68, 69, 72
SolidWorks

add-ins 273, 444
animation 271–273
assembling 444
basic motion 271–273
configuration publishers 87, 111, 112
costing analysis 594
design library 164, 168
display/delete relations 100
HSMWorks 405, 406
mechanical event simulation 277
modelling 444
motion analysis 269, 272–274, 278
plastics 443, 444, 446, 448
property manager 111
ScanTo3D 211
simulation 444
smart dimension 97, 99
smart fasteners 164
sustainability 586, 588, 591, 592
toolbox 85, 163

Spatial mechanism 246
Sprue 463, 466, 468
Sprueless gating 471
Stability analysis 356
Standardization, modularization, and

platforms (S/M/P) 130, 132, 138, 139,
164

Standardized modules 349
Standard operation procedure (SoP) 333
Standards and specifications 333
Starting materials 414
Statement

auxiliary 396
geometric 396
motion 396
post-processor 396

Stereolithography apparatus (SLA) 543, 559
Stiffness analysis 356
STL 550–552

standard tessellation language 550
standard triangle language 550

stereolithograpy (SLA) 550, 556
storage equipment 289
Strengths, weaknesses, opportunities, and

threats (SWOTs) 585, 587
Stress concentration 469
Structural simulation 277
Structure types

hierarchical 54, 55
network 54, 55
relational 54

Sub-plate 345
Subtractive manufacturing 540
Supply chain 542
Supply chain management (SCM) 500, 511,

514, 542
Supports 344, 345
Support structure 557
Surface finish 331, 415, 535
Surface flatten 487, 488
Surface reconstruction 181, 184, 190
Surface to volume ratio 462
Surface treatment 414, 415
Surface treatment types, deburring, metal

spraying, sanding
anodizing 415
belt grinding 415
buffing 415
electroplating 415
galvanizing 415
honing 415
lapping 415
metallic coating 415
organic finishes 415
painting, inorganic coating 415
plastic coating 415
polishing 415
sand lasting 415
surper finishing 415
tumbling 415

Surface types
freeform 58
ruled 58
swept 58

Sustainability 38, 505, 563, 566, 572, 579,
580
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616 Index

SustainabilityXpress 594
Sustainable manufacturing 3, 505, 563, 564,

575, 576, 578, 582–584
Synthesis types

dead-center problem 232
function generation 232
motion generation 232
path generation 232

System architecture 507
System entropy 505
System layout

continuous process 290, 292
fixed position 292
flexible system layout 290
flow shop 290–292
job shop 290, 291, 294
product 292
project shop 290, 292

System of systems 87
System paradigm 580, 582

t
Task space 230, 232, 249
Temperature distribution 473
Tessellated model 550
The first time correct 11
Thermal degradation 426, 435
Thermoformable materials 483
Thermoforming processes 417
Thermo-viscoplastic 484
The rule of thumb 558
3D printing 535, 536
Thumbscrew 336
Time domain 219, 220
Timeliness 508
Tolerance analysis 10, 356
Tool body 344
Tooling 333, 451, 456
Tool material selection

corrosion resistance 459
cost 459
dimensional stability 459
easy of machining 459
hardness 459
hot hardness 459

strengths 459
surface finish 459
toughness 459
wear resistance 459

Toolpath 289
Tools

cutting 452
dies 453, 455
drilling 452
fixtures 453, 455
inspection 452
Jigs 453, 455
moulds 453–455
picking and placing 452
split 481

Tools, dies, and moulds (TDMs) 451, 453,
454, 457, 492

Top-down approach 86, 146, 147, 150
Topological knowledge reuse 86
Total energy 586, 592
Total quality management (TQM) 6, 7, 500
Traditional machine 221
Transmissive signal 193
Transportation and use 591
Transport equipment 289
Tripod 229, 244
Turbulence 424
Type synthesis 230

u
Ubiquitous connectivity 515
Ultrasonic abrasion 554
Ultrasonic additive manufacturing (UAM)

547, 559
Ultrasonic machining (USM) 415
Ultraviolet (UV) 543
Undercuts 476
United Nations (UN) 569
Unit load formation equipment 289
Universality 504
User defined functions (UDFs) 117
User parameter 98, 99

v
Value added processes 297, 457
Variable cost 137
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Index 617

Vat photopolymerization 543, 544, 549
Vector-loop method 240, 241, 246, 247
Vee block 345
Versatile vise 346
Vibratory bowl abrasion 554
Virtual

assembly 208
design 269, 447
enterprise 20
manufacturing (VM) 290, 297, 299, 302
model 284
product model 129, 536, 550
reality (VR) 500, 514

Viscosity 464
Vise 346
Visibility 521
Visual inspection 304
Visualization toolkit (VTK) 186
Volume and variants 286, 287

w
Wall thickness 439
Warm working 416, 417
Warpages 442
Waste management 577, 594
Water eutrophication 586, 592
Wealth distribution 566, 567
Weld lines 440, 441, 443, 470
Well 466
Well-structured environment 221
Wizard tools 444
Workflow 515
Workholding 346, 349, 350, 456
Work-in-process (WIP) 293, 376
Workpiece deformation 334
World axis standards 385
World population 566
Write many and read many (WMRM) 520
Write once and read many (WORM) 520
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