Subject Index

A

ABC (see Activity-based costing)
ABS (acrylonitrile butadiene styrene) 42, 85, 93,
99
Accessibility 17, 96, 228
ACO (see Ant colony optimization)
Activity-based costing (ABC) 96
Acyclic tour (see Long tour)
Adaptiveness 331
Added value 108
Adhesion 173
Adhesive tape 77
Adjacency graph (see Surface adjacency graph)
AFI (see Assembly from industry)
Agent 389
Aggregate counter 321
Aggregate flow variable 311, 321
Aggregation 101
Al (see Artificial intelligence)
Air classification 33
Algorithm 13, 376, 382, 390
Aluminum (Al) 30, 56, 61-66, 85, 109
Ancillary equipment 109
Ancillary materials 27
AND/OR graph 131, 135, 138, 139, 147, 149,
151, 157-158, 169, 170, 287-327
assembly 184
concise 125
layered 132, 194-196
AND/OR relationship 238
complex 200-202
AND relationship 124, 157, 207, 254, 307
Ant colony 12, 389-395
Ant colony optimization (ACO) 389-395
Antimony (Sb) 42, 64, 66, 67
Appraisal level (see Target value)
A priori module 261
Arc 293
Archimedean approach 353
Arsenic (As) 64, 67
Artificial intelligence (AI) 7
Asbestos 9, 67, 84
Ascending counter 320
Asphalt 48
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ASR (see Automotive shredder residue)
Assembly
AND/OR graph 184
history of 3-10, 32
reverse 174, 278
Assembly from industry 190-197
Assembly industries 32
Assembly line 3, 373, 377
moving 5
Assembly line balancing 8, 120, 206
Assembly optimization 168
Assembly oriented design 6, 10, 84
Assembly planning 8, 12, 271
backward 119
Assembly precedence diagram 120
Assembly scheduling 12
Assembly sequence 173
Assembly sequencing 8
Assembly tree 174
Asymmetric approach 139, 163, 227
Atomic part (see Component)
Audio equipment 52, 53
Autocatalytic process 389
Automated derivation of selection rules 237-239
Automated sorting 33
Automation 5, 10
Automotive shredder residue (ASR) 9, 49, 56, 57,
110

B

Backward assembly planning 119
Balance, perfect 378
Balancing
assembly line 8, 120, 206
disassembly line 121, 301, 373-369
Balancing function 379
McGovern-Gupta 379, 390
Balancing node 322
Barium (Ba) 63, 64, 66, 67
Batch level 10, 11
Battery 43, 44, 57, 65, 67, 85, 99, 110
Bayesian network 12
Bell, Eric Temple 127
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Bellman’s principle 290 Case-based reasoning 206, 260, 261
Bell number 127, 160, 162, 163 Cassette deck 61
Beryllium (Be) 64 Cast iron 57
Biconnected graph 264-266 Catalan, Eugene Charles 149
disconnection 266 Catalan numbers 149, 160, 165
Bill of materials (BOM) 324, 331 binomial transform of 151, 165
BILP (see Binary integer linear programming) Cathode ray tube (CRT) 6, 44, 50, 51, 60, 6265,
Bin 15, 304-308 94
Binary disassembly operation 129 Cavity 245
Binary integer 288, 290, 295, 296, 300 Ceil operation 331, 380
Binary integer linear programming (BILP) 13, Cell phone (see Mobile phone)
312, 331 Central processing unit (CPU) 360, 361
Binary notation 172 Central projection 233
Binomial coefficient 126, 159, 161 Ceramics 34, 63, 64, 85
Binomial transform of Catalan numbers 151, 165 CFC (chlorofluorocarbon) 9, 61, 67, 108
Bismuth (Bi) 64 Chaplin, Charlie 5
Blending 304-306 Child subassembly 90
Block 127 Chlorine (Cl) 66, 67
Bolt 75, 77 Chromium (Cr) 64, 66, 67, 109
BOM (see Bill of materials) Class 356
Boolean algebra 170, 238 hard 356
Boron (B) 67 soft 356-357
Boundary representation (B-rep) 229 Class function 356-357
Bourjault’s ballpoint 171 Cleaning 344
Bourjault’s tree 123, 173, 175, 330 Closed directed path 259
Brass 42 Cluster 17
Breaking 91 Cluster graph (see Modularity graph)
B-rep (see Boundary representation) Clustering 304-308
Brick 48, 49 CNC (see Computerized numerical control)
Bridge 270 Coatings 56, 110
Bromine (Br) 66 Cobalt (Co) 64
Brown goods 50, 52, 60-62 Coffee machine 60, 230
Bulk recycling 37-41, 44, 85, 86, 109 Collision 15, 236
Bundler 77, 91 Collision-free direction 236
Bundling connection 75 Combinatorial analysis 127, 388, 391
Byproduct 4, 26 Combinatorial explosion 169

Combined graph 209, 210
Combined selection rules 200

C Commonality 330-331, 350, 359
Comparative modeling 37
Cables 43, 51, 63, 65, 85 Compatibility matrix 305
CAD (see Computer aided design) Compatible materials 304-305
CAD/CAM 228 Complementary triplet 188, 193, 199, 204
Cadmium (Cd) 30, 64, 66, 67, 84, 99, 109 Complete disassembly 132-136, 149, 341, 375, 385
CAM (see Computer aided manufacturing) Completeness 188
Camera 230 Complete sequence 156, 158
Capacitor 60, 62, 64 Complex AND/OR relationship 200-202
Capacity Complex component 36, 51, 60, 74, 85
of bulk recycling plant 39-40 Complex product 4, 31-37, 73
Capacity constraint 40 Complexity
Car 9, 44, 46, 49-50, 55-59, 109-111 index of 140, 154
Carpenter’s approach 255 Component 14, 73
Carpet 46 complex 36, 51, 60, 74, 85
Cartesian coordinates 233-234 composite 74
Cascading 18, 30-31 core 265
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dynamic 139

hazardous 36, 85, 109, 373, 376, 378, 388, 390

homogeneous 34, 74, 85

mass distribution 77-83

oriented approach 88, 123, 124

peripheral 155, 265

quasi 15, 77, 87, 194

static 139

target 256

virtual 77, 245
Component analysis 54
Component disassembly optimization model 331
Component level 10, 11
Component-oriented approach 88, 123, 124
Component-oriented interference matrix 246
Component-oriented state diagram 123, 124
Component recovery 255-257
Component removal time 382, 385
Composite component 74
Composite material 33, 84
Compound material 33
Computer aided design (CAD) 5, 6
Computer aided manufacturing (CAM) 6
Computerized numerical control (CNC) 5
Concise AND/OR graph 125
Concrete 48, 49, 60, 61
Concurrent engineering 6, 7
Connection 15, 73, 74, 88

disestablishment of 15, 90

firm 267, 275

floating 275

loose 267

nonreversible 36

pseudomatrix 246

reliable 271

reversible 271

rigid 275

unreliable 271

virtual 15
Connection diagram 12, 86-88, 95, 153, 171, 190,

204, 267

constrained 219-222

extended 87, 246

minimal 87

modified 269

reduced 87

weighted 95, 262-263
Connection-oriented approach 88, 95, 123, 176178
Connection-oriented selection rules 173
Connection-oriented state diagram 124, 289
Connection pseudomatrix 246
Connection state 124, 126—128, 144, 162
Connectivity matrix 87, 88, 125, 153, 264

directed 247-251
Connector 44, 51, 65, 85, 91
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Constrained connection diagram 219-222
Constrained asymmetric TSP 313-314
Constraint
geometric(al) 89, 125, 153-158, 157, 173, 303
hard 169
indirect 278
soft 169
technical 156, 167, 168, 173, 183-185
topological 155, 156, 167
Construction waste 46, 47-49
Consumption 27
Container (see Bin)
Contamination 34, 49, 96, 110, 305
Contracted interference matrix 252, 279
Contraction
of interference graph 260
Convergence 27, 373
Convexity parameter 358
Conveyor 4
moving 4
Cookery 45, 59
Cooling agent 110
Cooling equipment 9
Coordinates
Cartesian 233-234
spherical 234
Copier 324-327
Copper (Cu) 30, 40, 42, 56, 61-66, 85, 86
Core component 265
Core module 265
Corruption 96
Cost 41, 102, 105, 298
disassembly 96
disposal 335, 344
fixed 93, 97
grinding 44
incineration 45
labor 41, 96, 97
landfill 45
operation 291
overhead 97
preparation 343
sequence-dependent 308-313
sequence-independent 289-308
shredding 44
storage 44, 344
subassembly 291
transportation 44, 344
variable 93, 97
Cost matrix 316, 321
Cost metrics 93-97
Cotter pin 75, 77, 91
Counter
aggregate 321
ascending 320

%

+/@



%}% é SL3348_Subject-Index Page 408 Thursday, November 18, 2004 2:12 PM

408 Disassembly Modeling for Assembly, Maintenance, Reuse, and Recycling

descending 320 Destruction 76

partial 321 virtual 239
CPM (see Critical path method) Destructive disassembly 239, 341, 345-346
CPU (see Central processing unit) cost 291
CPU time 12, 323, 324 Destructive operation 91
Critical path method (CPM) 120 Detachability 17, 74, 167, 227, 236-238, 248, 257
CRT (see Cathode ray tube) Detachment 15, 302
CRT glass 42, 51, 60, 62, 65, 86 Development time 6
Crushing 91 Deviation variable 342
Cumulative disassembly time 111 negative 342
Customer satisfaction 364 positive 342

degree of 360 DfA (see Design for assembly) 6, 10, 84
Cut-node 264-265 DID (see Design for disassembly) 28, 41,
Cut-set 88, 89, 128, 129, 144, 145, 162, 83-85

241-244 Diamond diagram 124

feasible 189, 191, 193, 199-200, 206 Diazo compounds 67, 85

parallel 180 m-Dimensional product, motional 229
Cut-set method 176-190 Direct labor 96
Cutting 91 Directed connectivity matrix 247-251
m-Cycle 315 Directed graph 121, 124, 175, 259, 276-278
Cycle 259 Directed path

in TSP (see Short tour) closed 259
Cycle efficiency 30 Directed task precedence graph 313-314
Cycle time 377 Direction
Cyclic solution (see Short tour) collision-free 236
Cyclic tour (see Short tour) disassembly 84, 232-235

extreme 233-234
Direction factor 308-309

D Direction of motion
principal 234, 240

2-D (two-dimensional) 154 Direction-oriented analysis 227, 240-258
2-D example 185, 197-200, 208, 221, 229 Directionality index 263
3-D (three-dimensional) 170, 202-206 Disappearing work-piece (DWP) 375
Damage 382 Disassemblability
Deadlock 119, 170, 172 m-disassemblability 185, 186, 188, 197-200,
Decision-maker (DM) 288, 342, 353 221, 241
Decision support system 7 Disassembly 16
Defect 374, 375, 375 complete 132-136, 149, 341, 375, 385
Deformation 75, 77, 90 destructive 239, 341, 345-346
Degree of freedom 128 end-of-life 34
Degree of node 264 history of 3-10
Degree of quality achievement 360 incomplete 16, 111, 136-139
De Gribeauval, Jean-Baptiste 4 nondestructive 15, 341, 345-346
DEI (see Disassembly effort index) parallel 147, 241
Demand 261, 330-336, 334, 378, 382, 393 as a production process 7
Demand measure 381, 391 reverse 168, 171
Demand vector 334 selective 16, 36, 56, 109, 341, 375
Dematerialization 6, 51 sequential 121, 310
Demolition waste 46, 47-49 single-component 375
Depletion 29, 100 Disassembly cost 96
Descending counter 320 Disassembly depth 16, 32, 40, 57, 102, 111, 136,
Design 5 258
Design for assembly (DfA) 6, 10, 84 Disassembly direction 84, 232-235
Design for disassembly (DfD) 28, 41, 83-85 principal 234
Design for life cycle 10, 28, 109 Disassembly effort index (DEI) 96
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Disassembly family 50
Disassembly line 3, 373, 377
moving 5
paced 378
Disassembly line balancing problem (DLBP) 121,
301, 373-369
human-operated 91, 92
robot-operated 9, 91, 93
Disassembly matrix
in the binary system 258
in the decimal system 258
Disassembly operation 88, 167, 170
binary 129
m-fold 132
ternary 131, 132, 208
Disassembly-oriented approach 262
Disassembly path 15, 232, 236
Disassembly Petri net 293
Disassembly planning 12
Disassembly precedence graph (DPG) 120-122,
170, 173, 206-219, 255, 313, 327-329
construction of 214
divergent 212
partially ordered 207, 209
totally ordered 207, 209
Disassembly precedence matrix (DPM) 214,
253-255, 384
reduced 254
Disassembly process 16
Disassembly sequence (DS) 8, 16, 96, 102, 103,
310
Disassembly sequencing 12
Disassembly task 89, 374, 377
preparatory 15
proper 15
Disassembly time 95, 96, 97, 105, 378, 384
cumulative 111
Disassembly to order (DTO) 168, 330-336,
341-370
Disassembly tree 122-123, 175
ordered 122
Discharge 17, 26, 27, 101
Discrete time approach 295
Discretization 235
Disestablishment of connection 15, 90
Dishwasher 45, 50, 60
Dismantling 16, 51, 87
selective 32
Dismounting (see Dismantling)
Disposal 17, 26, 27, 343
costs 335, 344
Distance
between sequences 215
between tours 386-387
Distributed agents 12
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Divergence 26, 92, 373
Divergent disassembly precedence graph 212
Division of labor 4
DLBP (see Disassembly line balancing problem)
DM (see Decision maker)
Double factorial numbers 163
Downcycling 18, 31
DPG (see Disassembly precedence graph)
DPM (see Disassembly precedence matrix)
Draining 9, 90, 109, 110
Drill 91
electric 230
Drilling 76
Dryer 45, 50
DS (see Disassembly sequence)
DTO (see Disassembly to order)
DWP (see Disappearing work-piece)
Dynamic component 139
Dynamic programming 290
Dynamic subassembly 90, 133, 277

E

Early leaving work-piece (EP) 374-375

EC (European Communities) 9, 109

Eco-eco (economical-ecological) models
108-109

Eco-indicator 101

Ecology, industrial 23-31

Economic optimization 102—108

Ecopoint method 108

Ecosystem 24

Eddy current separation 17, 33, 109, 110

Elasticity 167

Electric drill 230

Electric motor 51, 60, 64, 65

Electric products 46, 50, 59-67

Electron gun 60, 65, 336

Electronic entertainment products 40, 45, 50, 110

Electronic products 46, 50, 59-67

Electrostatic separation 33

Elemental analysis 54, 62, 64—66

Embedded software, 6

Emission 26, 101

Empty state 175

End-of-life (EOL) 341, 359

End-of-life disassembly 34

End-of-life option 100

End-of-life product 4, 9, 18, 32, 41, 51-54

End-of-life processing 9

End-of-pipe measure 24

Energy 9, 17, 23-26, 29

Energy flow 27

Engine 58
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Engine block 44 Flow variable 295
remanufactured 110 aggregate 311, 321
single-piston 202-206 partial 311, 321

Entertainment products, electronic 40, 45, 50, Flow vector 333

110 Fluorescent 64, 65

Environmental benefit 98-101, 367 Foam 42, 61
degree of 359 Fold 91

Environmental damage 367 m-Fold disassembly operation 132
degree of 359 Force 76, 92, 95, 96, 167, 168

EOL (see End-of-life) external 168, 171, 228, 274-275

EP (see Early leaving work-piece) internal 276

Europium (Eu) 64, 67 Force-flow analysis 228, 279-280

Evaporation 390 Force-flow diagram 280

EWP (see Exploding work-piece) Ford, Henry 4

Exact method 13, 311-330 Fordism 4, 5

Exclusive OR relationship 156, 296, 319 Free surface 230, 245

Expert system 7 Freedom

Exploding work-piece (EWP) 375 degree of 128

Exportation of waste 41 Freedom matrix 246, 270

Extended connection diagram 87, 246 Freezer 60

External force 168, 171, 228, 274-275 Friction 90, 120, 167, 275

Extraction 26, 27, 46 Function

Extreme direction 233-234 integration of 6

Functional analysis 262, 267-269
Functional relationship 272-273
F Functionality 14
metrics 272-273

Fabric 33, 56 Furniture 46, 47
Face contact 245 Fuzzy logic 12

Factorial number 164
quadruple 140, 164

Fastened group 271 G
Fastener 6, 15, 55, 75, 77, 95, 190 Gallium (Ga) 64, 67

as quasi components 194, 197 Gaussian circle 230
Fastener-oriented method 266-267 Gaussian sphere 231, 232, 274
Feasible cut-set 189, 191, 193, 199-200, 206 Gearbox 58, 65, 210-212
Feasible subassembly 192, 198-199, 205 Genetic algorithm 12, 318
Fee 8, 41 Geometric(al) constraint 89, 125, 153-158, 157,
Feedstock 27, 28 173, 303
Ferrous material 40, 42, 56, 59-62, 65 Germanium (Ge) 64, 67
FFD (see First-fit decreasing) Glass 33, 42, 56, 59-65, 85
Filter residue 17, 34 CRT 42, 51, 60, 62, 65, 86
Final state 16, 127, 156, 290, 295 neck glass 6, 65
Firing 294 Global warming potential (GWP) 100
Firing vector 295 Glue connection 76, 91
Firm connection 267, 275 Goal programming (GP) 342, 349
First-fit decreasing (FFD) 382 Gold (Au) 40, 42, 64, 66
Fishbone notation 123 Good enough (see Suboptimum)
Fixed cost 93, 97 GP (see Goal programming)
Fixture 15, 89, 90, 96, 228 Gramophone 60
Flame-retardant 41, 67 Graph
Flatscreen 44 adjacency 245
Flexibility 91, 377 AND/OR 131, 135, 138, 139, 147, 149, 151,
Floating connection 275 157-158, 169, 170, 287-327
Flow diagram 18, 37-39 biconnected 264266
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combined 209, 210 Index of complexity 140, 154
directed 121, 124, 175, 259, 276-278 Indifference curve 356
modularity 271-272 Indirect constraint 278
transitive 212 Indirect selection-rules 237
undirected 86, 216, 245 Indium (In) 30, 64, 67

Graph theory 171 Inductive reasoning 150

Graphical optimization method 291 Industrial ecology 23-31

Gravity 90, 121, 228, 274-275 Industrial standard 4

Great circle 233 Industrial waste 36, 74

Greedy strategy 382, 383-388, 394 Infeasibility 122, 179, 199

Grey goods 50, 52, 53, 61 Information 5

Grinding 17, 33, 77 Information and communication technology
costs 44 (ICT) 53

Gripping 15, 90, 92, 228, 245, 277, 311 Initial configuration 294

Gun (in CRT) 60, 65, 336 Initial state 16, 295

GWP (see Global warming potential) 100 Integer linear programming 37, 330

Gypsum 49 (0, 1) Integer-programming (see Binary integer

linear programming)
Integration of functions 6

H Interaction matrix 273

Hair dryer 230 Interchangeability 4
Hard class 356 Interference graph 259-260
Hard constraint 169 Interference matrix 167, 251
Hazard measure 380, 387, 391 component-oriented 246
Hazardous components 36, 85, 109, 373, 376, contracted 252,279

378, 388, 390 modified 278-279
Hazardous materials 34, 36, 41, 51, 110, 305 Intermediate state 128

Internal force 276

in electronic products 66-67 .
Todine (I) 30

Hazardous modules 36

Hazardous waste 34, 37, 45, 104, 305 Iron (Fe) 64, 66, 85
Heavy metals 41, 67, 100 cast 5‘7‘ .
Hemisphere 231 Irreversibility 90
Heuristic method 12, 95, 170, 245, 258, 265,275, 150 14040 99
308-313, 381-389 Isothetic 229

Hierarchical tree 18, 19, 92, 94, 142, 330-336, 350 motional 229

History of assembly 3-10, 32 Ite.ranve metl}od

History of disassembly 3-10 }n cal?ulfitlng number of sequences 208-212
Homogeneous component 34, 74, 85 in optimization 316-319

House 49, 55, 331

Human-operated disassembly line 91, 92 J

Hybrid approach 170
Hyper-arc 124
Hyper-graph 124

JIT (see Just-in-time)

Joint (see Connection)

Joint type change factor 309
Just-in-time (JIT) 5, 7

I

. o K

ICT (see Information and communication
technology) 53 Keyboard 44, 61, 62
Idle time 378, 379, 382, 384
Impact assessment 100 L
Incineration 17, 98, 100
costs 45 Labor

Incomplete disassembly 16, 111, 136-139 direct 96
Incomplete sequence 150-151, 156, 158 division of 4
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Labor cost 41, 96, 97
Lagrangian relaxation 313
Landfill 9, 17, 36, 98-100
costs 45
Large white goods 50, 52, 53, 62
Larger is better 357, 361
Laser separation 33
Layered AND/OR graph 132, 194-196
LCA (see Life cycle assessment)
LCD (see Liquid crystal display)
LE (see Line efficiency)
Lead (Pb) 30, 41, 42, 56, 63, 64, 66, 67, 109
Leaf 18, 142, 260, 332-336
Lean production 5, 7
Legislation (see Regulation)
Level 172
Liaison (see Connection)
Liaison graph (see Connection diagram)
Life cycle
design for 10, 28, 109
Life cycle assessment (LCA) 28, 99-101
Lifetime 53
Light metals 40
Line contact 245
Line efficiency (LE) 378
Line speed 374, 383
Linear physical programming (LPP) 342,
353-370
Linear programming (LP) 13, 37, 159, 275,
293-299, 331, 342, 349, 358
binary integer 13, 312, 331
Link (see Connection)
Liquid crystal display (LCD) 6, 51, 54, 67,
85, 86
Local optimum 382, 388, 391
Local search algorithm, 2-opt 386-389
Lock 91, 128
Lock connection 75
Logarithmic number 318
Logistics 25
reverse 336
Long tour 317-318
Loose connection 267
Loop 140, 144, 260
recycling 29, 100
Loop-closure rule 177
Lot-size balancing 330-331, 341
LP (see Linear programming)
LPP (see Linear physical programming)
LPP weight algorithm 356

M

Machining planning 271
Maintenance 7, 17, 119, 302

%

Magnetic separation 17, 33, 109, 110
Management, scientific 4
Manganese (Mn) 64, 66
Manual sorting 33
Manufacturing industries 32
Manipulability 95
Market-oriented approach 261
Mass distribution 77-83
Mass flow 27
Mated surface 230
Materials
ancillary 27
compatible 304-305
composite 33, 84
compound 33
hazardous 34, 36, 41, 51, 110, 305
primary 28, 100
raw 26, 27, 29
secondary 28-30, 35-36, 39, 51, 100-101
valuable 36, 51
Materials analysis 54, 85-86
Materials breakdown analysis (see Materials
analysis)
Materials composition 104
Materials purity 36, 41, 304
Materials requirements planning (MRP) 7,
288, 331
Materials separation 9
Mathematical programming (MP) 37, 41, 103,
288-289, 304, 308, 314, 342
Mating 15, 75, 91
Matrix-based modularity analysis 270-271
Matrix of half degrees 246
Mattress 46
Maximum parallelism 261, 274, 296, 301-302
Maynard operations sequence technique (MOST)
95
McGovern-Gupta balancing function 379, 390
Measure of balance (see Balancing function)
Mechanical approach 18, 330
Mechanical products 46, 81, 84, 95, 222, 263
Medical equipment 53
Melting 91
Mercury (Hg) 41, 64, 67, 85, 109
Merging 189, 191, 197, 265, 323
Mesh (see Loop)
Mesh-closure rule (see Loop-closure rule)
Metaheuristic method 12, 273, 313, 389-395
Miniaturization 6, 51
Minimal connection diagram 87
Minimum subassembly 255
Mining, see Extraction
Mixed-integer programming (MIP) (see Integer
linear programming)
Mobile phone 51, 62
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Modified connection diagram 269
Modified interference matrix 278-279
Modified TSP 319
Modular level 11
Modularity analysis 11, 228, 261-274
matrix-based 270-271
Modularity graph 271-272
Module 15, 36, 95, 98, 109, 120, 261
core 265
hazardous 36
peripheral 265
tentative 262, 267
Monitor 45, 52, 61, 78, 79, 82, 85, 92, 94, 336
MOST (see Maynard operations sequence
technique) 95
Motion
rotational 236, 248, 276
translational 236, 248
Motion analysis 244-251
Motion diagram 244, 249, 251
Motional m-dimensional product 229
Motional isothetic 229
Mould 76, 91
Moveability 74, 167, 227, 230-232, 237, 238, 248
m-moveability 128, 167
Moving assembly line 5
Moving conveyor 4
Moving disassembly line 4
MP (see Mathematical programming) 37,41, 103,
288-289, 304, 308, 314, 342
MRP (see Material requirements planning) 7, 288,
331
Multiplicity 294, 330-331
Multicriteria methods 342, 353
Multiobjective problem 342, 353, 382
Multiple objective problem (see multiobjective
problem)
Multiproduct case 334-336
Municipal waste 34, 36, 45-47
Must precede operator 169

N

Nameable objects 229
Near optimum (see Suboptimum)
Neck glass 6, 65
Neighboring tour 386-387
Network 12, 14, 101, 119-159, 289-290,
296-299

neural 12
Neural network 12
Nickel (Ni) 42, 56, 63-67, 85
Nickel-metal hydride (Ni-MH) 65, 85
Niobium (Nb) 64
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NLP (see Nonlinear programming)
Node
balancing 322
degree of 264
pendent 264
Node equilibrium 315
Noncontact coherent 132, 133
Noncore (see Peripheral)
Nondestructive disassembly 15, 341, 345-346
Nondestructive operation 15
Nondominated solution curve 356
Nonferrous materials 33, 42, 49, 56, 57, 59-62,
85, 109
Nonlinear DLBP 382
Nonlinear programming (NLP) 13
Nonlinearity 106
Nonmonotone product 128, 167
Nonreversible connection 36
Notebook PC 50, 78-80, 82, 85
Not until operator 169
NP (nondeterministic polynomial-time)
NP-complete 13, 14, 140, 288, 313
NP-hard 376
N-pattern 211
Nut 75, 77, 91
Nylon 85

o

Object level 10
Obstruction 15, 236, 238
Obstruction component matrix 253, 256
reduced 254
Obstruction diagram 214, 240-243, 245, 259
ODP (see Ozone depletion potential)
OEM (see Original equipment manufacturer)
One-at-a-time sequence (see Sequential sequence)
Onion peeling 245
Operation 15
cost 291
destructive 91
nondestructive 15
parallel 16, 89
pseudo 297
reversible 15
semidestructive 16, 92
semireversible 16
sequential 16, 89, 195, 327
Operation time 95
Operator 169-175, 194, 208, 214, 278
2-Opt local search algorithm 386-389
Optimization 96, 168, 255, 287-290, 304, 312,
331, 389
assembly 168
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economic 102-108
graphical method for 291
Optimum, local 382, 388, 391
OR relationship 125, 207
Ordered disassembly tree 122
Ordering, reverted 216
Ore mining 28, 46
Original equipment manufacturer (OEM) 5
Orthogonal set 167
Outsourcing 40
Overhead cost 97
Ozone depletion potential (ODP) 100

P

PA (polyamide) 99
Paced disassembly line 378
Palladium (Pd) 40, 42, 64, 66
Paper 31, 46, 48, 49
Parallel assembly 120
Parallel cut-set 180
Parallel disassembly 147, 241
Parallel operation 16, 89
Parallel sequence 16, 138, 139, 149
Parallel state 135
Parallelism, maximum 261, 274, 296, 301-302
Parent subassembly 16, 89, 124, 125, 132, 167,
228, 294
Part (see Component)
Partial counter 321
Partial flow variable 311, 321
Partially ordered disassembly precedence graph
207, 209
Partition 127
k-partition 128, 146
Partly stable 275
Path
closed directed 259
disassembly 15, 232, 236
PBDE (polybrominated diphenylether) 66, 67
PC (personal computer) 45, 50, 52, 61-66, 331,
351, 384-385
notebook 50, 78-80, 82, 85
PC (polycarbonate) 42, 85
PCB (polychlorinated biphenyl) 41, 67
PCB (see Printed circuit board; PWB)
PE (polyethylene) 42, 99
Peeling 90
Penalty factor 308
Pendent node 264
Perfect balance 378
Peripheral component 155, 265
Peripheral devices 50
Peripheral module 265
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Permutation 217-218
PERT (see Project evaluation and review
technique)
Petri net 14, 287, 293-296, 308
disassembly 293
Pheromone 389, 391
Phone (see Telephone)
Phosphor(escent) (see Fluorescent)
Photocopying machine (see Copier)
Physical level 11
Physical programming (see Linear physical
programming)
Physical relationship 272
Place 293
Plastics 42, 47, 56, 59-67, 85
additives in 30, 66, 67
engineering 6, 109
Platinum (Pt) 42, 64
Point contact 245
Pole 270
Polygon, spherical 233
Polyhedral convex cone 233, 234
Polyhedron 229, 299
POM (polyoxymethylene) 42
Postconsumer processing (see Recovery)
Power supply 44, 60, 63
PP (polypropylene) 99
Precedence diagram 120
Precedence graph 120-122, 170, 173, 206-219,
255, 313,
disassembly 327-329
Precedence matrix
disassembly 214, 253-255, 384
Precedence relationship 8, 78, 89, 120, 121, 168,
169, 201, 250, 329, 378, 384, 385
automatic detection of 238
connection-oriented 170
Precious metals 9, 40, 42, 65
Preference index, structural 263
Preparation 343-344
Preparation cost 343
Preparatory disassembly task 15
Press fit 76
Price 41, 42
Primary material 28, 100
Primitive level 10
Primitive table 172, 173, 174
Principal direction of motion 234, 240
Principal disassembly direction 234
Principle of optimality (see Bellman’s principle)
Printed wiring board (PWB) 6, 43, 50, 53, 60-66,
85, 86
Printer 45, 61, 93
Probabilistic evolutionary algorithm 389, 391
Probability 389

%

+/@



Subject Index

Process 25
Process industries 32
Process-oriented approach 11
Process waste 26, 27, 46
Product 14
complex 4, 31-37, 73
electric 46, 50, 59-67
electronic entertainment 40, 45, 50, 110
electronic 46, 50, 59-67
mechanical 46, 81, 84, 95, 222, 263
unconstrained 126, 130
Product level 10, 11
Product life cycle 24-28
conceptual 25
physical 25
Product-oriented approach 11
Product-process chain 18, 23-29, 35
Product responsibility (see Product
stewardship)
Product stewardship 28
Product type 332, 343, 350
Product waste 26, 41, 46-54
Production process 26, 27
Profit 102, 105
Profit function 102—-106, 365
Profit rate 106-108
Profit variable, total 343
Project evaluation and review technique (PERT)
120
Proper disassembly task 15
Protection, see Safety
Pruning 169, 170, 289
Prying out 91
PS (polystyrene) 42, 99
Pseudo algorithm 383, 387, 392
Pseudomatrix, connection 246
Pseudo operation 297
Pulling 90, 91
PUR (polyurethane) 56, 57
Purity 36, 41, 304
PVC (polyvinyl chloride) 31, 42, 67, 99
PWB (see Printed wiring board)
Pyramidal numbers 164

Q

Quadruple factorial numbers 140, 164
Quality achievement 364
degree of 360
Quality of incoming products 374
Quantity of components in incoming products
374
Quasi-component 15, 77, 87, 194
Query 169, 170, 175-177
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R

Range is better 357, 363
Raw material 26, 27, 29
Ray 236
Reachability 167
Reassembly 17
Recollection 32, 344
efficiency 30
Recovery 18, 26, 28
Recovery efficiency 30, 84
Recovery rate (see Recovery efficiency)
Recursive relationship 134, 138, 149-151, 160
Recycling 9, 18, 98
Recycling capacity 349
Recycling efficiency 48, 99, 101, 110, 111, 350
Recycling loop 29, 100
Recycling plant 38-40, 344
Recycling revenue 364
Reduced connection diagram 87
Reduced disassembly precedence matrix 254
Reduced surface adjacency graph 246
Reduced tree 175-176
Reduced obstruction component matrix 254
Redundancy 169, 257-258, 289
of selection rules 185, 213
Refrigerator 45, 50, 52, 53, 60, 108
Refurbishing 18, 98, 344
Regulation 25, 101
Relay 64, 67, 230
Reliability 373, 376
Reliable connection 271
Remanufactured engine 110
Remanufacturing 18, 32, 98
m-Removability 229
Reorientation 89, 90, 228
Repair 7, 17, 32, 119, 302
Reprocessing 37, 40
Resale 350, 359, 364, 368
Resources 101
Restricted approach 167
Return on investment (ROI) 106
Reuse 9, 17, 98, 348
Revenue 41, 98, 102, 105, 298
recycling 364
Revenue metrics 98-101
Revenue vector 321
Reverse assembly 174, 278
Reverse disassembly 168, 171
Reverse logistics 336
Reverse method 188-190, 193, 197
Reversibility 90
Reversible connection 271
Reversible operation 15
Reverted ordering 216
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Revisiting work-piece (RWP) 375
Rework 17

Rhodium (Rh) 64

Rigid body approach 167

Rigid connection 275

Rivet 76, 77, 91

Robot 5, 96, 171

Robot level 10

Robot-operated disassembly line 9, 91, 93
Robustness 377

ROI (see Return on investment)
Root 18, 142, 332-336
Rotational motion 236, 248, 276
Rubber 33, 47, 56, 57, 61, 85
Ruthenium (Ru) 64

RWP (see Revisiting work-piece)

Safety 92, 96
SAN (styrene-acrylonitrile) 99
Sandwich structure 6
Satellite node, see pendent node
Satisfice 341
SC (see Screw) 75, 77, 91, 309
Scientific management 4
Scrap 42
electric/electronic 52, 53, 59, 60
metal 6
prices 40-44
Screen glass 63, 65
Screw (SC) 75, 77, 91, 309
Phillips 92
Seal connection 76, 77
Seam fold 76, 77, 90
Search space 393
Secondary material 28-30, 35-36, 39, 51,
100-101
Segner numbers 160
Selection rule 168, 191, 213, 214, 254
automated derivation 237-239
combined 200
connection-oriented 173
indirect 237
subassembly-oriented 179
Selective disassembly 16, 36, 56, 109, 341, 375
Selective dismantling 32
Selenium (Se) 30, 64, 67
Self-skipping workpiece (SSWP) 375
Semidestructive operation 16, 92
Semireversible operation 16
Sensitivity analysis 13
Separability 95
Separability index 234

%

Separation 17, 33
eddy current 17, 33, 109, 110
electrostatic 33
laser 33
magnetic 17, 33, 109, 110
materials 9
Separation direction vector 227, 232
Separation efficiency 40
Sequence
complete 156, 158
disassembly 8, 16, 96, 102, 103, 310
incomplete 150-151, 156, 158
sequential 16, 133, 136, 148
Sequence-dependent cost 308-313
Sequence-independent cost 289-308
Sequence space 216
Sequence, parallel 16, 138, 139, 149
Sequencing
assembly 8
disassembly 12
Sequencing assertion 170
Sequential approach (see Sequential method)
Sequential disassembly 121, 310
Sequential method 133, 185-188, 190, 191, 197
Sequential operation 16, 89, 195, 327
Sequential sequence 16, 133, 136, 148
Serial sequence (see Sequential sequence)
Service 14
Service-oriented approach 230-239, 262
Servo level 10
Set 73
orthogonal 167
Set partition 127
Set theory 171
SF (see Snap fit connection)
Shipping (see Transportation)
Short tour 315, 319, 323
Shredder fluff (see Shredder residue)
Shredder light fraction (see Shredder residue)
Shredder residue 17, 33, 36, 45, 47, 56, 61, 62,
99, 110
automotive 9, 49, 56, 57, 110
Shredding 9, 17, 33, 109
Shredding costs 44
Shrink fit 76, 91
SI (see Smoothness index) 378-379
Silicon (Si) 64, 66
Silver (Ag) 40, 42, 63, 64, 66
Simon, Herbert 341
Simulated annealing 12, 273, 313
Simultaneous engineering 6
Single-component disassembly 375
Sink 314
Skipping work-piece (SWP) 375
Slag 17, 34, 36
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Slaughterhouse 3, 4, 7, 376
Small white goods 45, 50, 52, 53
Smaller is better 357, 363
S-matrix (see Succession matrix)
SMD (see Surface mounted device)
Smith, Adam 4
Smoothness index (SI) 378-379
SMT (see Surface mount technology)
Snap fit connection (SF) 75, 77, 91, 309
Sodium (Na) 66
Soft class 356-357
Soft constraint 169
Software, embedded 6
Solder 76, 77, 91
Solid waste 46
Sorting 17, 33, 344
automated 33
manual 33
Source 314
Space 367
Spacer 77
Spaghetti diagram 125
Spare parts 109
Speed, line 374, 383
Spherical coordinates 234
Spherical polygon 233
Spring 75, 77, 91
Spring connection 75
SSWP (see Self-skipping work-piece) 375
Stability 121, 167, 262
Stability analysis 228, 269-271, 274-279
Stability-directed graph 276278
Stability index 263, 277
Stability matrix 276-278
Stable 261, 271, 274-279
partly 275
Stainless steel 42, 60, 62
Standard, industrial 4
Staple 75, 77
Star configuration 143-145, 148, 149, 151, 152, 164
State 102, 294
connection 124, 126-128, 144, 162
empty 175
final 16, 127, 156, 290, 295
initial 16, 295
intermediate 128
parallel 135
subassembly 124, 126, 127, 144, 162
transition 129, 130
State diagram 124, 130, 134-135, 137, 138,
146-147, 149, 151, 156-157, 176, 290
component-oriented 123, 124
connection-oriented 124, 289
State of Petri net 294
State shift 294

417

State shift matrix 293-294
Static component 139
Static subassembly 89, 90, 133, 277
Steel 49, 57, 109
stainless 42, 60, 62
Stirling, James 127
Stirling number of the second kind 127, 137, 160,
161, 163
Storage 25
costs 44, 344
Stove 45, 59
Strictly lower triangular matrix 87, 88, 153
Strictly upper triangular matrix 87, 88, 153
String configuration 143-149, 152, 164
Strongly connected 125, 126
Strontium (Sr) 63, 67
Structural preference index 263
Structure-based approach 261
Subassembly 15, 121, 126, 127
child 90
dynamic 90, 133, 277
feasible 192, 198-199, 205
minimum 255
parent 16, 89, 124, 125, 132, 167, 228,
294
static 89, 90, 133, 277
Subassembly assertion 170
Subassembly cost 291
Subassembly-oriented approach 170, 178-183,
262
Subassembly-oriented selection rules 179
Subassembly state 124, 126, 127, 144, 162
Subgraph 128
Suboptimum 12, 300-301, 341
n-Subsequence 327
Subset 15, 152
Subset rule 169, 176-178
Subtask 4
Subtour, see Short tour
Succession matrix 321, 327
Super-component 122, 170, 203, 231
Superset rule 169, 176-179
Surface
free 230, 245
mated 230
Surface adjacency graph 245
reduced 246
Surface level 11
Surface mount technology (SMT) 62
Surface mounted device (SMD) 6
Surface-oriented analysis 227
SWP (see Skipping work-piece)
SSWP (see Self-skipping work-piece)
Symmetric TSP 314
Systematic approach 7, 8
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T

Tabu list 382, 389
Tabu search 12
Tailing 46
Take back (see Recollection)
Tantalum (Ta) 64, 66
Target component 256
Target value 342
Task 11, 308
disassembly 89, 374, 377
Task allocation 4
Task level 10
Task planning 206
Task precedence graph, directed 313-314
Taylor, Frederick Winslow 4
Taylorism 4
Technical constraint 156, 167, 168, 173, 183-185
Technosystem 24
Telecommunication products 52
Telephone 6, 50, 62
Tentative module 262, 267
Terbium (Tb) 64
Ternary disassembly operation 131, 132, 208
Testing 32
Tetrahedral numbers 164
Textile, see Fabric
TFT (see Thin film transistors)
Thin film transistors (TFT) 54
Three-dimensional (3-D) 170, 202-206
Time
disassembly 95, 96, 97, 105, 378, 384
idle 378, 379, 382, 384
Tin (Sn) 30, 64, 66, 67
Tires 57, 58
Titanium (Ti) 64, 67
Toaster 60, 230, 267-269
Token 294
Tool 15, 91-92
Tool exchange 89, 90, 96
Tool positioning 96
Topological constraint 155, 156, 167
Total profit variable (TPR) 343
Totally ordered disassembly precedence graph
207, 209
Tour 386
long 317-318
neighboring 386-387
short 315, 319, 323
Toxicity 100
TPR (see Total profit variable)
Trail (see Pheromone)
Transformation 25
Transformer 51, 60, 63-65
Transition 293

Transition matrix 294, 297, 312, 321
Transition state 129, 130
Transitive 212, 213
Transitive closure 278
Translational motion 236, 248
Transportation 25
Transportation costs 44, 344
Transpose 154
Traveling salesman problem (see Traveling
salesperson problem)
Traveling salesperson problem 289, 314-315,
391
constrained asymmetric 313-314
modified 319
symmetric 314
Tree
Bourjault’s 123, 173, 175, 330
disassembly 122-123, 175
hierarchical 18, 19, 92, 94, 142, 330-336, 350
reduced 175-176
Tree configuration 143, 151
Tree structure matrix 333
Triangular matrix 153
strictly lower 87, 88, 153
strictly upper 87, 88, 153
Triangular numbers 163, 164
TSP (see Traveling salesperson problem)
TV set 45, 52, 53, 61, 143
Two-commodity network flow problem 320-323
Two-dimensional (2-D) 154
Typewriter 5

U

Uncertainty 9, 95, 110, 331
Unconstrained product 126, 130
Undirected graph 86, 216, 245
Uninterruptible power supply (UPS) 44, 60, 63
Unit 271

Unit circle (see Gaussian circle)

Unit sphere (see Gaussian sphere)
Unlocking 90

Unreliable connection 271

Unstable 275

Upgrading 30, 31

UPS (see Uninterruptible power supply)
Utility function 353, 356

v

Vacuum cleaner 50, 60
Valuable materials 36, 51
Value is better 357
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Vanadium (V) 64
Variability 374
Variable cost 93, 97
Video equipment 60
Virgin (see Primary)
Virtual component 77, 245
Virtual connection 15
Virtual destruction 239
Virtual node 314
Virtual prototype 5
Visual inspection 227
Volume 367

Warehouse 367
Washer 77, 91
Washing machine 45, 50, 60
Waste 46
construction 46, 47-49
demolition 46, 47-49
exportation 41
hazardous 34, 37, 45, 104, 305
industrial 36, 74
municipal 34, 36, 45-47
process 26, 27, 46
product 26, 41, 46-54
solid 46
Weakly connected 142, 143, 146, 152, 172, 263
Weight factor 101, 268, 342, 353
Weighted connection diagram 95, 262-263

Weld 76, 77, 91
White goods 50, 52, 59, 60, 62
large 50, 52, 53, 62
small 45, 50, 52, 53
Whitworth, Sir Joseph 4
Wire (see Cable)
Wood 33, 49, 56, 60-62
Work element 390
Work analysis (see Work measurement)
Work measurement 4, 95-97
Working fluid 49, 56, 57, 59, 61, 109, 110
Work-piece 374
Workstation 7, 11, 12, 373, 377, 379, 384, 387

X

XOR-relationship (see Exclusive OR relation-
ship)
X-pattern 211

Y
Yield matrix 333
Yield vector 333
Yttrium (Y) 64, 67

Z

Zero operation 156
Zinc (Zn) 30, 42, 56, 63, 64, 66, 67
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