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abrasion, see wear brittleness, see fracture
accelerated testing, see testing of materials ceramics 79, 82, 149
adhesion, see plastics plastics 100, 152
bond strength 221, 222 burning rate, see flammability
joint design 222
materials 222 carbides, see ion bombardment
aesthetics 12, 182, 187 cutting tools 150
alloys, see individual metals casting, see encapsulation methods
aluminium metals 42, 230, 233
alloys 58, 69 processes 57, 64, 230, 233
hardening 69 resins 230, 237
sources 55

surface protection 69, 70

world production 55
annealing of metals 62
anodic coatings, see coatings

for aluminium 195, 201

ceramics, see coatings, ceramic
bonding 79
ceramic fibre paper 87
composites 81, 84
design factors 85, 90

ar:lectric. for welding 232 ?ffects of c.:nvironment 82, 150
plasma 234 impact resistance 85, 149
manufacturing processes 48, 79, 82, 85,
86, 88, 89, 238
materials and their varieties 80
bending properties, see fatigue products 86, 87, 239
metals 40, 61 properties of 48, 79, 83
bibliography 272 refractories 81
biological agents sialon 85
see corrosion silicon carbide 80, 86
see environmental vectors silicon nitride 86
attack on materials 147, 153, 164 standard products 81
brazing, see joining processes structure 79, 80
alloys 37 wear resistance 82, 149
processes 36, 90 zirconium oxide 86
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chromium, see surface finishing
alloys 56
coatings 194, 195, 222
in conversion coatings 201
oxide-based coatings 196, 201
pack chromizing 189, 203
supplies 55
world sources 55, 225
cleaning
before surface finishing 182
of metals 182, 191
coatings
see clectroplating
see painting
see plasma
see surface finishing
aesthetics 182, 184, 188
anodic 195, 201
ceramic 195, 204
conversion 182, 189, 196, 200
diffusion 194, 203
hot dip 188, 203
metal 188, 189, 195
paint 183, 187, 191, 205
plastic 189, 192
spray 190, 197
vapour deposition 190, 201
vitreous 204
codes of practice, see standards
cold working
of metals 34, 39, 45, 61, 64
processes, see welding
forging 231, 233
forming 231
pressing 231
rolling 231
stamping 231
compacts
of ceramic 238
of metal powder 231, 232
composites
anisotropy 48, 135
ceramics 124
constructions 124, 133
creep in 48
design data 133, 134
fibres 43, 125, 127, 134
fillers 125, 128

high strength 127, 135
inter-facial bonding 130, 134
limitations of properties 129, 133

manufacturing technology 130, 135, 137,

237
metal-based 72, 124, 141, 163
plastic-based 99, 130, 139
properties 129, 131
reinforcements 43, 127
structures from 129, 151
varieties of 126, 130
weathering 133
computer
cad 14, 212, 231
cam 212, 231
data bases 31, 247
for materials selection 32, 247
concrete
high strength 88
copper
alloys 72
hardening 72
metal 71
plating 187, 198, 200
suppliers 55
world sources 55
corporate image 8, 12, 220
aesthetics 12
design of products 8, 12, 220
corrosion
atmospheric 58, 62, 146, 183
biological 147
chemicals 68, 194
galvanic 68, 71, 147, 183, 214
physical by cavitation 147
prevention 62, 169
products 58, 146
protection from 58, 147, 187
resistance 58
tests 146
cost, see metals
see plastics
competitiveness 22, 54, 224
effectiveness 21, 24
of materials 27, 97
of processes 25, 37, 57
creep
effects 216
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creep (cont)
in service 144, 152
limits of 30
of materials 30, 84
rates 216
recovery 216
rupture 71
tests 32
crystallinity
of ceramics 38, 79, 84
of glasses 38
of metals 38
of plastics 5, 38
cutting, see carbides
see machining
by laser beam 234, 236
by water jets 221, 239
fluids 77
metals 74, 77, 78
plastics 114
processes 74, 221
rates 74, 76, 77, 78
tools 75, 238

data, see information sources
in books 241
in computers 31, 33
in the memory 31
design, see ceramics
see composites
see human factors
see value engineering
and profitability 2, 6, 8, 25
brief from client 15, 18
check-list for plastics 120
criteria to be satisfied 13, 29, 208
impact of ambient environment 147
mechanical 21
reviews 10
simplification 22
specifications 2, 6, 10,19
designer, see data
see industrial design
and R& D 18
education of 1, 12, 17, 19, 120, 241
intuition 6, 24
materials selection by 20, 24, 27, 28, 31,
119

social responsibility 10, 25

sources of materials information 19, 242,
252

use of consultants 8, 17, 18, 19, 28, 31,
136, 252, 256, 259

ductility, see stress
metals 145
plastics 93, 100, 103, 106, 108

elastomers
additives 95
applications in products 96
cellular foams 96
coatings 95
manufacturing methods 95
properties 103, 104
thermoplastics 96
varieties of 96
electrical conduction
of metals 43, 60, 72
of plastics 122
of solutions 198, 214
semiconductivity 227
electroplating
electroforming of artifacts 197, 199
occlusion plating 199
on metal substrates 195, 197
on plastic substrates 195, 200
processes 198, 239
with metals 139, 187, 195
encapsulation methods
coatings 70, 189, 207
materials 192, 207
energy
derived from materials 228
effects of cost 41, 42
locked into products 3, 41, 42, 57
needs of processes 41
specific, of materials 3, 42
environmental vectors, see weather
acceleration of 143, 146, 208
biological agents 147
effects 155, 209
test methods 109, 149, 208
failure
affecting profits 212
analysis 217
lessons from 213
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mechanisms 133, 210
probability of 218
fatigue
effects 84, 212
metals, in vibration or bending 145, 209
plastics 212, 216
testing 212
thermal 212
fibres
as reinforcement 122, 128, 141, 151
materials 49, 93, 126, 140
fillers
in composites 126, 128
in elastomers 95
in plastics 92, 94, 139
fire
avoidance of 169, 181
causes 165, 167
effects 169, 180
testing methods 175, 177, 179
flame
fire risk 48, 58
spraying 197, 204
use for depositing coatings 196

flammability
and electric fields 170
at elevated temperatures 173
burning rate 171, 176
combustion of materials 164
~—control additives in materials 165
customer requirements 165, 166
delayed ignition materials 168
heat sources 170, 176
layout of product to minimise 166, 171
local requirements 164
of components 168
of materials 168, 172
qualification testing of products 166, 180
reducing in products 169
standards 179
test methods 173, 175, 177, 178
flaws see fracture
consequences 48, 238
detection 145, 215
flexibility
elastomers 95

plastics 151, 153
forming processes
ceramics 238
composites 137, 138, 139, 237
explosive 232, 238
metals 230
plastics 235
powder routes 232
work-hardening 39
fracture see flaws
brittle 48, 61, 238
ductile 41
intergranular 39
mechanics 84, 130, 143, 145, 215
strength 24
toughness 24, 29, 49, 61

galvanic effects
corrosion 146, 183, 188
series of metals 184, 214
glass
borosilicate 81
composition 81, 88
manufacturing processes 81, 88, 89
quartz 84, 85
sol-gel process 81, 88
structure 80
testing 82
uses 84

hardening processes
ion bombardment 78, 202, 234
metal 39, 58, 61, 67, 69, 72
carburise 194, 234
nitride 78, 190, 195
precipitation hardening 45, 69
hardness
metals 39, 41
plastics 103
processes to increase 39
testing 41
values for materials 47
hazardous materials
asbestos 29, 222
cadmium 222
other 29
heat treatment
see hardening processes

277
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heat treatment (cont.)

see laser beam
see metals

solution treatment of metal alloys 40
high temperature
ceramics to withstand 43, 86, 150
metals to withstand 62, 67, 148
hot working

of metals 57, 68

human factors 8

impact see brittleness

see ceramics
strength 145
testing 145

industrial design

see design

see designer

concepts 9

organisation in a company 15

information sources

academe 252

books 242, 245

colleagues 241

computer data bases 31, 247
conferences 246

consultants 8, 17, 19

films 247

government agencies 255
industry 254, 256, 258, 259
journals 242

libraries 241

patents 247

professional institutes 256
public corporations 256
research associations 254
suppliers 259

trade associations 258

trade papers 244

injection moulding

costs-numbers trade-off 30

metals (die casting) 21, 56, 57, 64, 71,

233
plastics 30, 114
process affecting product 99

ion bombardment

implantation in metals 78, 202
plating 78, 202

nitriding 78, 202
iron see steel
alloys 58, 67
metal 67
supplies 21

joining processes see soldering
see welding
adhesives 236
brazing 37, 73
ceramics 79, 90
mechanical fasteners 215
riveting 236, 263

laminates 124, 139
laser beam
cutting 236

surface treatment of metals 234

welding 236
levitation
by acoustic waves 239

machining
ceramics 48, 82, 90
composites 237
metals 56, 62, 74, 233
plastics 114, 237
relative indices of 75
speeds and rates 76, 77, 78
tools 76
ultra-high speeds 233
magnesium
alloys 59, 70
corrosion 59, 70
supplies 55, 70
world sources 55, 70
magnetism
devices 129, 217
disadvantages 145

materials 68, 73, 82, 129, 149

management

expectations from designers 12

of companies 13

organisation of design function 8, 10, 14,

17
support for designers 15
manufacturing
and relations with design 7
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industry 7, 56
technology 24
market
competitiveness 8
forces 7, 8, 15
requirements 2, 8
materials
anisotropic 43, 48, 233
comparison of families 43
conservation 3, 42
economics 22, 24, 27, 37, 97
envelope of properties 39, 43, 48, 49
forming processes 36, 39, 230
isotropic 39
publications of data 28, 3t, 241
ranking for usefulness 156
reclamation 94
recycling 3, 94
selection 6, 20, 32
shortages 27
strategic 225
substitution or alternatives 22
suppliers 21, 259
surface finish 20, 182
testing 24, 30, 40
varieties available 5, 27, 33
waste in production 42, 56
material structures see ceramics
engineering level 5, 38
microstructural level 5, 38
molecular level 5, 38
testing 4
metals

see cold working

see corrosion

see creep

see fatigue

see forming processes

see fracture

see heat treatment

see weather

see welding
alloys 45, 57, 67, 69, 70, 71, 73
costs 55, 61
details of specific 28, 58,
effects of environment 58
fabrication methods 45, 56, 57, 230
finishing 190

performance in service 144

properties 45, 46, 60

strength 41, 61, 141

substitution 22, 220

superplastic 69, 231

toughness 61, 142

work hardening 40, 61

world production 55
moulding see casting

see injection moulding

blow 97, 114

extrusion 114

green ceramics 89

multi-functional parts 21, 48

plastics 93

processes 114

nickel
alloys 73
corrosion resistance 73
supplies 73
world sources 55, 226
non-metals see ceramics
See composites
see elastomers
see films
see glass
see plastics
notch strength
see impact
see toughness
crack propagation 2, 238
sensitivity 145
test methods 145

painting
materials in paint 205, 207
performance of paint 206
processes 185
spray painting materials 189
spray painting processes 191, 192

279

substrates for spray painting 182, 206

past experience
of materials selected 29, 31
rechecking 29

patents 247

physical properties
of materials 35
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physical properties (cont.)
test methods 41
plasma
cutting 234
etching 75
processing of surfaces 221, 233, 234
plastics
see creep
see elastomers
see fatigue
additives 92
applications 95, 140, 151
biological effects on 153
cellular foams 96, 122, 141
copolymers 101, 207
costs relative to other materials 97
degradation 100, 151
fabrication-processing 94, 113, 235
films 97, 151
flammability 103, 168
isotropy —anisotropy 99, 103, 105
joining 117, 118, 119
monomers 92, 114
performance in service 93, 122, 151
precursors 92
properties 48, 99, 105
pultrusion 130, 237
resins 93, 139
strain-dependence 45, 99
structure 91
thermoplasts 93
thermosets 93
trade names 33, 100, 105
varieties of 93

pollution, see environmental vectors
air 146, 180
ground 57
reclamation of materials 3, 42, 94
water 223

polymers, see elastomers
see plastics

porosity
fired ceramics 89, 238
plastic foams 96

powder, see compacts
coating processes 192
compaction to strip 232

metallurgy 231, 232
use in cutting processes 239
pressure vessels 135, 263
processing
affects product reliability 25
of materials 221, 228, 239
optimisation 4
product, see corporate image
see cost
see design
see service life
and its environment 2
assembly 20, 36
design of 19, 20

external appearance 12, 13, 20

life cycle 8, 209

quality
auditing 216
control methods 216
definition 216
evaluation 217
product safety analysis 217
sampling regimes 216
testing 41, 217

raw materials
availability 3
costs 22, 24, 27
restricted number 3
references 265
reliability
definitions 210, 217
forecasting 149, 208
standards 263
statistics 19
requirements for products 12
customer expectations 143
resistance to storage 144, 146
service performance 143

safety, see quality
and reliability 10, 15, 19, 29
concepts 210
derating factors 29, 107, 209
factors 215, 218
fire tests 164, 175, 177, 179
of products 210
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profile 217 measurement of 24
statistics 218 relation to stress 41
service life, see plastics stress
see product as cause of corrosion 144, 214
damage —tolerant criterion 211 as cause of cracking 82, 109, 149
end of 209 in materials 145, 149
fail —safe criterion 210 relaxation 152, 158
predictions 208 tests 99
safe —life criterion 210 substitute materials, see past experience
shape-memory in metal alloys 72, 223 affected by production routes 221, 228
sheet drawing processes non-interchangeability 219
cold - 68, 69, 231 reasons for choosing 220, 225
deep - 68, 231 successes and failures 224
for metal 58, 231 to simplify a product 223
warm - 70, 231 surface finishing, see electroplating
sintering see painting
ceramic powders 48, 238 anodic coatings 70, 195, 201
manufacturing processes 48, 238 as a system 182
metal powders 222, 232 conversion coatings 67, 78, 189, 200
smoke emission, electroless deposition 199
from burning materials 180 mechanical processes 192, 200
soldering plastisol dips 189
materials 37, 224 processes for application 190, 191
processes 37 selection of finishing system 188, 193
solvents suitable substrates 182, 191
effects on plastics 109 surface hardening treatments 67, 78
specifications, see design with engineering properties 78, 193, 202,
customary in trade or industry 220, 261 204
military 161, 163 temperature, see cryogenics
national 261 affecting operation of product 28, 42,
standards 212
codes of practice 263 as an environment 2
for materials 264 deciding choice of materials 42
international 262 effects on materials 58, 144, 155
national 262 thermal expansion of plastics 28, 100
statistics, see failure tensile properties, see strain
see quality see stress
see service life exploitation of 24
for materials selection 218 of materials 101, 102
steel, see iron testing for 40, 41
manufacture 56, 57 testing of materials
properties 60 accelerated methods 146, 159, 208
stainless 58, 68 chemical resistance 146
uses 59, 67 electrical properties 158
varieties 58, 67 non-destructive 217, 218
strain physical properties 99, 108
effects on materials 93, 99, 149 strength 143
for metal hardening 40 variability of replicates 24, 40, 217
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toughness, see fracture materials to resist 58, 82, 105, 130, 145,
fracture and notch effects 24, 48, 61 193, 199
test methods 24 mechanical 105, 139, 238
toxic fumes, see smoke emission resistant coatings 193, 199, 202, 205,
trade names 33 207
transparency test methods 150
ceramics 87 weather, see environmental vectors
glass 82 effects on materials 109, 146, 151, 154
plastics 112 effects on products 154
to non-visible light 237 humidity 2, 146, 151, 154
radiation 2, 48, 154
temperature 2, 152, 154
value engineering 31 Weibull distribution, see statistics
vapour deposition of test results 149
of inorganic compounds 201, 202 welding
of metals 201, 227, 232 joint design 73, 215
of plastics 203 materials for welding 73
processes 202 processes 56, 235
vitreous enamel substrates
application processes 204 metal 48, 56, 62, 73, 147, 221, 235
materials 204 plastic 119, 236
performance 205 other 238
substrates 205
zinc
alloys 59, 71
wealth, creation of 1 castings 59, 71
wear, see ceramics supplies 55
applications 68, 80 surface finish 188, 198
environmental effects 164 world sources 55
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