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Abrasive wear, 234
ABS see Acrylonitrile-butadiene-styrene…
Absorption of light, 8
Absorption of radiation, 368, 370
Acids, chemical properties, 9, 395
Acrylonitrile-butadiene-styrene (ABS) polymer, 24,

470
Activation energy in self-diffusion, 285
Adhesive wear, 234
Adiabatic heating and creep, 302
Aeroplanes:

airframes, 301–2
mechanical properties, 5
wing fatigue, 187–8

Alkalis, 9, 365
Allotropes, 268
Alloys:

aluminium, 178–9, 258
ductility, 121, 133–4
ferrous, 465–6
metals, 134
solution hardening, 129
steel heat treatment, 467–8
strength, 121
temperature, 302–3
titanium, 214–15

Aluminium:
alloys, 178–9, 258
bike frames, 462–4
components cost, 431

Amorphous metal alloys (AMAs), 362
Amorphous structures, 60, 65
Anisotropy, 57–8, 358
Anodizing, 393
Anti-ferro-magnets, 354
Archard wear constant, 229–30
Archimedes’ principle, 49
ASM Materials Handbook, 2
Aspect ratio in open die forging, 418–19
Asperities in friction, 232
Atoms, 69, 252–3

packing, 59–62

ceramics, 62
glasses, 62–3
metals, 59–62
polymers, 63

Attribute limits on charts, 95

Backbones in polymers, 64
Ball bearing race hardening, 442–3
Bar charts:

embodied energy, 490–1
hydrocarbons consumption, 481
material property charts, 22–3
process-economic batch size, 431
process-mass range, 415
process-roughness bar charts, 423
process-section thickness, 416
process-tolerance, 422
shape-process, 420

‘Barrelling’, 418–19
Barrier coatings (heat), 265–6
Beams:

clamping, 88
elastic bending, 84–6
floors, 102–3
light stiff, 93
plastic bending, 144
shape effects, 152–3
vibration modes, 88
weight, 92–4
yielding, 142–4

Bearings (friction and wear), 235–40
Bending:

design, 104–6
stiffness of section shapes, 94
strength-limited design, 141–62

Bi-metal cells, 399–400
Bi-metal strip thermal properties, 261–2
Bicycles:

frames, 462–4
strategy, 38

Body-centred cubic stacking, 60
Bohr, Niels, 354
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Boltzmann, Ludwig, 253
Bond stiffness, 66–7
Bottle openers, 32–3
Boundary-layer lubrication, 235
Brake disks, 238–40, 465–6
Brass, 69
Brittleness, 165, 175–6
Brunel, Isambard Kingdom, 2
Bubble charts, 22–3
Buckling of columns and plate, 87
Buildings materials cost, 101–2
Bulk modulus, 51, 73

Cables, 332
Cans, 466–7
Carbon dioxide emissions and footprint, 484
Carbon steel, 466–7
Carbon-reinforced polymers (CFRP), 101
Cars, 466–7
Case studies:

ball bearing race hardening, 442–3
bending design, 104–6
ceramic plug insulator shaping, 434–6
ceramics, 468–72
con-rods for high performance engines, 213–16
corkscrew levers, 154
cost of buildings materials, 101–2
couplings, 154–5
cracks, 217–18
crash barriers, 495–7
cushions and padding, 102–4
designing for fracture, 218–20
fail-safe design, 211–13
ferrous alloys, 465–6
foams, 102–4
forensic fracture mechanics, 209–11
glass, 468–72
hinges, 154–5
levers for corkscrews, 99–101
metal rolling, 157–8
metals-overview, 464–5
pressure vessels, 209–11
rail cracking, 216–17
resonance avoidance, 104
springs, 156–7
steel connecting rod shaping, 437–40
steel radiator joining, 440–2
thermoplastic CD case shaping, 436–7
vibration, 104

Cast iron brake disks, 465–6
Casting aluminium components cost, 431
CD cases, 40–1, 436–7
Ceramics:

atom packing, 62
ceramic matrix composites, 69
classification, 14–17
creep resistance, 293–4
defects, 119–21
microstructure, 452–3
plug insulator shaping, 434–6
processing, 468–72
stress-strain curves, 53, 113

CES software:
computer-aided design, 98–9
computer-aided information management, 24–6
conductors, 341–3
corrosion, 406–7
cost model, 433–4
dielectrics, 341–3
environmental issues, 501
fatigue, 202
fractures, 183–4, 224–5
friction and wear, 243
heat, 271–4
high temperatures, 308–9
insulators, 341–3
magnetic properties, 364–6
manufacturing, 445–7
optical properties, 384–5
organizing materials and processes, 26–8, 77–9
plasticity, yielding and ductility, 138–9
science exploration, 138–9
stiffness-limited design, 109
strength-limited design, 161–2

CFRP see Carbon-reinforced polymers
Characteristics of materials, 1–11
Charts:

computer-aided design, 98–9
creep behavior, 281–2
dielectric loss vs strength, 320
electrical properties, 317–20
electrical resistivity vs strength, 319
electrical resistivity vs thermal properties 

conductivity, 318
embodied energy in structural design, 491–2
endurance limits, 194–5
European cars 2005, energy consumption vs fuel

economy, 494
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fracture toughness vs yield strength, 468–9
friction and wear, 229–31
indices, 95–8
limits, 95–8
magnetic properties, 351–3
modulus vs embodied energy, 492
refractive index vs dielectric constant, 374
refractive index vs reflectance, 374–5
remanence vs coercive field, 351–2
saturation magnetization vs susceptibility, 352–3
specific strength vs specific modulus property,

471
strength (950C) vs density, 283–4
strength vs embodied energy, 492, 497
stress vs temperature, 299
thermal conductivity, 252, 318
thermal properties, 249–51
yield strength, 116–18, 468–9
see also Bar charts

Chemical properties, 8–9
Circular shafts and elastic torsion, 86–7
Clamping of beams, 88
Classification:

materials, 14–18
processes, 20–2
shape, 419–20

Cleavage fracture, 175–6
Closed packed hexagonal stacking, 59
Clutches and friction, 238–40
CMCs see Ceramic matrix composites
Coefficient of friction, 228–30
Cohesive energy in crystals and glasses, 66–8
Color, 379–80
Columns, 87, 142
Compatibility in joining materials, 424
Composites, 472–4

modulus and density, 69–71
strength and toughness, 179–80

Compression, elastic, 83–4
Compressive crushing strength, 115
Computer-aided design, 2–3, 98–9
Computer-aided information management, 24–6
Computer-aided process selection in manufacturing,

432–4
Con-rods for high performance engines, 213–16
Concentration gradients diffusion, 285–6
Conceptual design, 31
Conduction (electrical), 7–8
Conductivity (thermal properties), 6

Conductors, 311–44
Connecting-rods for high performance engines,

213–16
Constraints in matching materials and design, 35,

38
Consumption of materials, 480–3
Contact stress, 147–8
Continuous use temperature (CUT), 276
Conversion factors, 498
Copper alloys, 135
Corkscrews:

corked bottle openers, 32–3
levers, 40, 99–101
levers strength, 154
selection of materials, 100–1

Corrosion, 387–407
alkalis, 395
cells, 398–400
crevice, 402
fighting, 401–4
ions, 396–7
organic solvents, 395–6
pH, 396–7
selective, 401
water, 395

Cost:
buildings materials, 101–2
casting aluminium components, 431
CES software, 433–4
materials, 94–5, 153
models, 428–34
shaping processes, 427–32

Couplings, elastic, 154–6
Cracks:

crack tip plastic zone, 170–2
fatigue damage, 195–6
fatigue loading, 192–4
fracture-limited design, 204–5, 217–18
lengths of fractures, 172

Cranks, 467–8
Crash barriers, 495–7
Creep:

adiabatic heating, 302
creep modulus of PMMA, 293–4
damage and fracture, 280–1
diffusion, 284–8
fracture, 291–2
polymers, 293, 294–5
power-law creep, 290–1, 298
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Creep: (continued)
relaxation, 302–4
resistance in design, 296–7
resistance in materials, 293–6
strength at 950C, 283–4
strength and density, 283–4
testing and curves, 278–80

Crevice corrosion, 402
Cross-section, section shapes, 84–5
Cross-section area in three section shapes, 84–5
Crushing (strength-limited design), 141–62
Crystals:

cohesive energy, 66–8
crystallite polymers, 65
defects, 120
lattices, 61

Cubic zirconia, 374
Curves (creep), 278–80
Cushions, modulus of foams, 102–4
CUT see Continuous use temperature
Cutlery, 465, 468
Cyclic loading, 185–202

Damage by creep, 280–1
Damping, 186–7, 195
Defects:

crystals, 120
dislocations, 120–1
grain boundaries, 120–1
metals and ceramics, 119–21

Deflections, stiffness, 106–7
Deformation mechanism diagrams, 291–2
Deformation processing in metals, 456–7
Degradation, 387–407
Degrees of freedom in section shapes, 106
Density:

creep strength, 283–4
density-modulus bubble chart, 23
modulus, 48–51, 69–73
properties, 4–5
relative, 102–3
science, 58–69
stiffness and weight, 47–80
stress, strain and moduli, 48–51

Design:
conceptual, 31
constraints, 35
creep resistance, 296–7
design-limiting properties, 9–10

electrical properties, 331–8
flow chart, 31
fracture-limited design, 218–20
materials and process information, 34–5
process, 30–5
requirements, 30
shape, 35
strategic thinking, 29–46

Development of materials, 3
Dielectric properties:

behavior, 325–6
breakdown, 326–7
breakdown potential, 312, 316
dielectric constant, 7–8, 312, 314, 373–4
dielectric constant-refractive index chart, 373–4
light, 377–9
loss, 312, 316, 326
loss and microwave heating, 334
loss and radomes, 324–5, 334–5
loss and stealth technology, 334
loss and strength, 319–20
materials, 311–44
properties, 314–17
strength, 316

Differential thermal properties expansion, 259
Diffuse reflection, 369–70
Diffusion:

concentration gradient, 285–6
creep, 284–8
flow, 288–9
heat, 262–3
intermixing, 287
liquids and non-crystalline solids, 288
thermal properties, 6

Dilatation, 52
Dipole (magnetic), 354
Dislocations:

climb, 290–1
defects, 120–1
dislocation strength/yield strength ratio, 132–3
forces, 125
lattice resistance, 126
line tension, 125–6
plastic flow, 122–4
slip planes, 124

Dispersion (precipitate strengthening), 129, 130–1
Displacement-limited design (fracture-limited

design), 208
Documentation, 39, 412–13
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Domains, magnetic, 355–8
Doping of materials for optical use, 380–1
Ductility, 111–39

alloys, 133–4
definition, 114
ductile-to brittle transition, 177
fractures, 176–7
processes, 20
properties, 4
strength, 118–26

Durability, 387–407

E-relative cost chart, 96
E charts, 96–7
Eco-design, selection of materials, 493–7
Einstein, Albert, 251
Elastic bending of beams, 84–6
Elastic compression, 83–4
Elastic couplings, 154–6
Elastic deflection of beams, 85
Elastic design indices, 89–95
Elastic extension, 83–4
Elastic hinges, 154–6
Elastic limits, 115
Elastic moduli:

elastomers, 68–9
properties, 4
stiffness and weight, 47–80

Elastic section modulus, 143
Elastic torsion of circular shafts, 86–7, 145
Elasticity, 111–39

energy, 54–5
meaning, 48
properties, 4
standard solutions, 82–8

Elastomers:
classification, 14–17
elastic moduli, 68–9
microstructure, 453–4
processing, 470–2

Electrical properties:
behavior, 312
charts, 317–20
conduction, 7–8
conductivity, 320–2
design, 331–8
insulation, 7–8, 332–3
materials, 7–9
plugs, 332

resistance, 322–5
resistivity, 319
resistivity vs elastic limits charts, 319
resistivity vs thermal conductivity chart, 318

Electro luminescence, 380
Electrochemical corrosion, 402
Electromagnetic radiation, 368–9
Electromagnetic waves, 375–6
Electrostriction, 317
Elongation, 114
Embodied energy:

definition, 484–5
materials bar chart, 490–1
structural design chart, 491–2

Embrittlement, 178
End-of-life potential, 486
Endurance limits:

charts, 194–5
endurance limit-tensile strength chart, 194
fatigue, 190–1
high strength metals, 215

Energy:
consumption, 489–90
energy release rate, 168–70
fuels, 498
life cycles, 483–4
transport systems, 498

Energy consumption vs fuel economy chart,
European cars 2005, 494

Energy-limited design and fractures, 207
Engineering materials consumption, 480–1
Environment, 479–502
European cars 2005:

energy consumption, 494–5
fuel economy, 494–5
unladen weight, 494–5

Exercises:
character of materials, 10
conductors, insulators and dielectrics, 339–41
corrosion, 405
cyclic loading, 199–201
dielectrics, 339–41
environmental issues, 499–500
family trees, 26–7
flex, sag and wobble, 107–8
fracture-limited design, 221–3
fractures and toughness, 182–3
friction and wear, 241–2
heat, 270
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Exercises: (continued)
high temperatures, 305–7
history of materials, 10
insulators, 339–41
magnetic properties, 364–6
manufacturing, 476–7
manufacturing processes, 445
matching material to design, 74–6
matching material to design, 44–5
optical properties, 383–4
strength parameters, 137–8
strength-limited design, 159–60
toughness, 182–3
wear, 241–2

Expansion coefficients, 6, 247–8, 250
Extension (elastic), 83–4

Face-centred cubic (FCC) stacking, 59
Fail-safe design, 211–13
Family trees, 13–28
Faraday, Michael, 315
Fatigue, 187–04

cracking, 195–6
ratio, 197
resistance, 196–8

FCC see Face-centred cubic…
Fermi, Enrick, 376
Fermi levels, 376
Ferry-magnetic materials, 355
Ferro-electric materials, 320, 329–31, 337–8
Ferro-magnetic materials, 355
Ferro magnets, 7
Ferrous alloys, 465–6
Fiber composites, 472
Fighting corrosion, 401–4
Finishing:

levels, 410–111, 421
see also Surface treatment

Flame retardants, 394
Flammability, characterization, 388–90, 393–4
Flexibility in design, 81–110
Floors, 101–3
Flow chart design, 31
Flow and diffusion, 288–9
Fluorescence, 380
Flywheels see Spinning disks
Foams, 71–3, 472–3
Forces and dislocations, 125
Forensic fracture mechanics, 209–11

Fracture properties, 163–84
crack lengths, 172
creep, 280–1
fracture toughness, 165–8
fracture toughness vs modulus chart, 172–3
fracture toughness vs strength chart, 172–4
fracture toughness vs yield strength chart, 

468–9
fracture-limited design, 204–25
toughness, 4

Fractures:
modulus vs toughness chart, 172–3
strength vs toughness charts, 172–4
yield strength vs toughness, 468–9

Free energy of oxidation, 390–2
Free radicals, 394
Free variables, 37
Fresh water, 397–401
Fresnel’s construction, 373
Friction, 227–43

brakes ands clutches 238–40
charts, 229–31
clutches, 228–30, 238–40
coefficient, 228–30
materials, 235–40
open die forging, 418–19
physics, 231–4
sliding, 233

Fuels, energy contents, 498

Galvanized iron, 403
Gas-phase reactions, 393–4
Gears, 467–8
Geometry, joining, 424
Glasses:

atom packing, 62–3
classification, 14–17
cohesive energy, 66–8
microstructure, 452–3
processing, 468–72
temperature, 246

Goodman’s Law, 191–2
Grain boundaries, 120–1, 132–3
Grain structure evolution, 457–8
Growth of consumption, 481–3
Gyroscopes see Spinning disks

Hard magnetic behavior, 8–9
Hard magnetic devices, 351, 360–1
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Hardness:
hardening of materials, 131–2
scales, 116
test, 115

HAZ see Heat-affected zone
Heat, 245–72

capacity, 6–7, 247, 251–2, 257–8
diffusion, 262–3
exchangers, 264–5
heat-affected zone, 459
metals treatment, 458–9
sinks, 41–2, 333
storage heaters, 266–7

High strength metals, 215
High temperatures, 275–309

creep behavior, 278–84, 290–3
pipe work, 297–8

High-cycle fatigue, 188–90, 196
Hinges, bendy design, 105, 154–6
History of materials, 1–11
Hooke’s law, 52
Hot processing in powder compaction, 

459–60
Hybrid materials, 15–18, 472–4
Hydrocarbons consumption, 480–1
Hydrodynamic lubrication, 235–6
Hydrolysis reactions, 397–8
Hydrostatic pressure, 50–1
Hysteresis:

curves, 349–50
hard magnets loops, 360–1
soft magnets loops, 359

I-beams, 466–7
Impure water, 397–401
Index of refraction, 371
Indices:

charts, 95–8
elastic design, 89–95
fracture-safe design, 205–9
yield limited design, 149–53

Information and magnetic storage, 361–2
Information management, 24–6
Initiation-controlled fatigue, 188
Injection molding, record, 25
Injectors for diesel engines, 337–8
Inkjet printers, 335
Insulation, 311–44

electrical, 7–8, 332–3

thermal properties walls and barrier coatings,
265–6

Intermixing and diffusion, 287
Interstitial solid, 120–1
Ionization in electrochemical reactions, 397–8
Ions and corrosion, 396–7
Iron (galvanized), 403

Joining:
attributes and origins, 423–6
joint geometry and mode of loading, 424–5
joints thermal properties, 261
physical limits, 425–6
processes, 18–19, 20–2, 459–60
selection of materials, 410–11

Joists (floor), 101
Joule, James, 168

Kc-E chart, 208–9
Kevlar, 474
Kinetics, 390–1

Laminates, 474
Laser hardening, 460–1
Lattice points, 61
Lattice resistance and dislocations, 126
Levers for corkscrews, 99–101
Life cycles of materials, 483–4
Light, see also Optical properties…
Light and dielectric materials, 377–9
Light and materials response, 8
Limiting oxygen index (LOI), 389
Limits in charts, 95–8
Line tension and dislocations, 125–6
Linear temperature dependence, 276–8
Linear thermal properties expansion coefficients,

247–8, 250
Liquids and diffusion, 288
Loading:

load-limited design and fractures, 206–7
modes, 49, 82
stress, 48

Lodestone, 346
LOI see Limiting oxygen index
Lorentz force, 357
Lorentz, Hendrik, 357
Low-alloy steel, 465
Low-carbon steel, 465
Low-cycle fatigue, 188, 190–2, 196
Lubrication, friction and wear, 235–40
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Magnetic properties, 7–9
anisotropy, 358
charts, 351–3
definition, 346–9
dipole, 354
induction, 346
information storage, 361–2
materials, 345–66
measurement, 349–51
physics, 353–8
read/write heads, 362
vacuum, 346–8

Manufacturing:
constraints, 424–5
materials and process information, 31
processes, 31, 409–48

Market need and design process, 30
Martensite, 467–8
Materials:

compatibility matrix, 414
consumption, 480–3
cost, 94–5, 153
design and strategic thinking, 29–46
fracture toughness, 167–8
life cycles, 483–4
material selection/process selection coupling,

413–14
radiation, 368–73
resisting creep selection, 295–6
springs, 156–8
volume, 153

Maximum service temperature, 5–7, 246, 276, 282
Mechanical loss coefficient in damping, 195
Mechanical properties, 4–5
Mechanics of fracture, 165–8
Melting temperature, 246
Metals:

alloys, 134
atom packing, 59–62
classification, 14–17
creep resistance, 293–4
defects, 119–21
deformation processing, 456–7
heat treatment, 458–9
metal casting and solidification, 455–6
metal matrix composites, 69
microstructure, 451–2
overview of processing, 464–5
photons, 377
rolling, 157–8

strength-toughness trade-off, 178–80
strengthening, 127–9
stress-strain curves, 53, 113
transparency, 376–7

Microchips, heat sinks, 41–2
Microstructures, 450–62
Microwave heating, 334
Miner’s rule of cumulative damage, 192
Minimum mass design, 495
Minimum service temperature, 246, 276
Mixtures of atoms, 69
MMCs see Metal matrix composites
Mode of loading, 49, 82, 424–5
Models, cost, 428–32
Modulus:

bar chart, 23
density, 69–73
dilatation, 52
foams, 102–4

Modulus-density bubble chart, 23
Modulus-density chart, 56–7
Modulus-embodied energy chart, 492
Modulus-relative cost chart, 57
Modulus-strength chart, 117–18
Molding, polymers, 20
‘Mushy zone’ (alloys), 417
Mylar film, 134
Micromesh, 393

Non-crystalline solids, 288
Non-linear temperature dependence, 276–8
Nylon, 134

Objective function equations, 90, 92
Objectives in matching materials and design, 38
Opaque materials, 369
Open die forging, 418–19
Openers (corked bottles), 32–3
Optical properties:

design, 7–9, 381–2
materials for devices, 367–85
optical fibers, 382
optical quality materials, 369
physics, 375–81

Organic solvents:
chemical properties, 9
corrosion, 395–6
solubility parameters, 403–4

Organization of processes, 18–21
Original design of materials, 30–1
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Oxidation, 387–407
chemical properties, 9
definition, 388
measurement, 388–9
mechanisms, 390–2
resistance, 392–5

Padding and modulus of foams, 102–4
Paints, 427
Panels:

objective function equations, 92
weight, 91–2, 150–2
yielding, 142–4

Paramagnetic materials, 354
Particulate composites, 472–4
Pauli exclusion principle, 321
PE see Polyethylene
Pellets with embodied energy (PET) production,

484–8
PET see Pellets with embodied energy (PET)…
pH and corrosion, 396–7
Phases in microstructure, 454–5
Phosphorescence, 380
Photo-conductivity, 381
Photo-degradation, 394–5
Photons, 375, 377
Physics:

friction and wear, 231–5
optical properties, 375–81
thermal properties, 251–7

Piezo-electric materials, 320, 327–8, 335
Pipework and high temperatures, 297–8
Planck’s constant, 376
Plane bearings, 237
Plasticity, 111–39

elastic hinges, 154–5
metal rolling, 157–8

Plastics:
bags, process-property interaction, 22
flow, 122–4, 126
hinges, 144
process-property interaction, 22
recycling, 487–9
section modulus, 144
strain, 113
work, 114

Plate buckling, 87
Plugs (electric), 332, 434–6
PMCs see Polymer matrix composites
PMMA creep modulus, 293–4

Poisson’s ratio, 54
Polyethylene (PE), 21–2, 64
Polymers:

atom packing, 63
classification, 14–17
consumption, 480
creep, 293–5
flammability, 393–4
hinges and springs, 156
Kevlar, 474
microstructure, 453–4
molding, 20, 456–7
plastic flow, 126
polymer matrix composites, 69
processing, 470–2
strength and toughness, 179–80
strengthening, 134–5
stress-strain curves, 53, 113

Polypropylene (PP), 64, 65, 179–80
Polystyrene (PS), 64, 374
Polytetrafluoroethylene (PTFE), 64, 237
Polyvinyl chloride (PVC), 64
Powder compaction, 459–60
Powder processing, 459–60
Power-law creep, 290–1, 298
PP see Polypropylene
Precipitate strengthening, 129, 130–1
Pressure vessels and fractures, 209–11
Primary shaping, 18–19
Process-economic batch size bar chart, 431
Process-mass range bar chart, 415
Process-property interaction, 21–2
Process-roughness bar charts, 423
Process-section thickness bar chart, 416
Process-tolerance bar chart, 422
Processing energy, 484–5
Processing properties, 449–78
Product design, 29–46
Product disposal phase
Product manufacture phase, 493–4
Product materials, 29–46
Product specification, 29–46
Product use phase, eco-design, 494–5
Production phase, eco-design, 493
Proof stress, 112
Propellers, 402
Properties:

charts, 14, 22–4, 172–4
materials, 4–9
walls, 265–6
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Propagation controlled fatigue, 188
PS see Polystyrene
PTFE see Polytetrafluoroethylene
PVC see Polyvinyl chloride
Pyre-electric materials, 320, 328–9, 335–8

‘Quench and temper’ process, 459, 467

Radiation by materials, 368–73
Radomes and dielectric loss, 334–5
Rail cracking and fractures, 216–17
Random substitutional solid solutions, 129–30
Ranking:

indices on charts, 95–8
selection for manufacturing processes, 412
strategy, 39

Records of materials, 24
Recycling, 486–9
Redesign:

CD case, 40–1
design process, 31–2
transformer cores, 42–3

Reduction (chemical properties), 9
Reflection, 8, 368, 381–2
Refraction:

definition, 8, 371
dielectric constant, 373–4
optical design, 381–2
optical properties, 8
refractive index, 373–5
refractive index vs reflectance chart, 374–5

Relaxation of creep, 302–4
Remanence (magnetism), 7, 348, 351–2
Remanence vs coercive field chart, 351–2
Requirements of design, 30
Resistance:

creep, 293–6
fatigue, 196–8
oxidation, 392–5

Resistivity (electrical), 7–8, 313–14, 318
Resolution of stress, 132–3
Resonance, 104, 186–7
Reynolds, Osborne, 236
Rolling bearings, 237–8
Rolling of metals, 157–8
Ropes, 472
Roughness tolerances, 421–3

S-N curves, 189, 214–15
Sacrificial anodes, 402–3

Sag of materials, 81–110
Salt water properties, 9
Sandwich panels, 474
Saturation magnetization, 8, 352–3
Scrap recycling, 486
Screening:

attribute limits on charts, 95
selection for manufacturing processes, 412
strategy, 38

Screw dislocation, 123–4
Second moments, section shapes, 84–5
Second moments of three section shapes, 84–5
Secondary processes, 18–20
Section shapes:

bending stiffness, 94
cross-section area and second moments, 84–5
flexural degrees of freedom, 106

Section thickness, 415–19
Selection:

manufacturing processes, 410–13
materials

for corkscrew levers, 100–1
for eco-design, 493–7

materials processes, 413–14
materials to resist creep, 295–6
processes, 413–14

Selective corrosion, 401
Shafts:

elastic torsion, 145
etorsion, 86–7
yielding, 144–6

Shape:
beams, 152–3
design, 35
shape-memory, 268
strength of beams, 153
super elastic materials, 268

Shaping:
attributes and origins, 414–23
characteristics, 419–23
cost, 427–32
primary, 18–19
processes, 20–1
selection of materials, 410–11
shape-process chart matrix, 420
stiffness, 94–5

Shear modulus, 51, 73
Shear strain, 52
Shear stress, 50
Ship’s propellers, 402
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Shot peening, 198
Silicon carbide, 62
Single atomic bonds, 118–19
Sintering, 459–60
Size (physical limits for shaping), 415–19
Sliding friction, 233
Slip planes, 124, 128
Small objects shaping, 419
Snell’s Law, 371
Soft magnetic devices, 8–9, 350–1, 358–60
Solid solutions, 69
Solidification in metal casting, 455–6
Solubility parameters of organic solvents, 403–4
Solution hardening, 129–30
Specific heat, 247
Specific stiffness, 90–1
Specific strength, 50, 471
Specular reflection, 369–70
Spinning disks, 146–7
Springs materials, 156–8
Stainless steels, 393, 465, 468
Standard reduction potential, 397–9
Stealth technology, 334
Steel connecting rod shaping, 437–40
Stiffness, 47–80

bonds, 67
limited deflections, 106–7
science, 58–69
shaping, 94–5
specific, 90–1
stiffness-limited design, 81–110

Stimuli strain, 56
Storage heaters, 266–7
Stoves, 393
Strategic thinking, materials and design, 29–46
Strength:

alloys ductility, 133–4
corkscrew levers, 154
definition, 48
dielectric loss, 319–20
ductility, 118–26
electrical properties resistivity, 319
fractures, 164–5
manipulation, 127–35
maximum service temperature, 282
metals strengthening, 127–9
polymers toughness, 179–80
strength (950C) vs density chart, 283–4
strength and limited design, crushing and 

bending, 141–62

strength vs density chart, 116–17, 151
strength vs embodied energy chart, 492, 497
strength-toughness trade-off in metals, 178–80

Stress, 49–51
concentrations, 148–9
contact, 147–8
intensity, 165–8
resolution, 132–3
stress-free strain, 55–6
stress-strain curves, 52–4
metals, 113
single atomic bond, 118–19
stress-temperature charts, 299

Structured data for records, 25
Substitutional solid solution, 120–1
Sulfur dioxide emissions, 484
Super-elastic materials, 268
Surface energy toughness, 174–8
Surface engineering, 460–2
Surface stress and shot peening, 198
Surface tension of liquid metal, 416–17
Surface treatment, 18–19, 20–1, 426–7
Susceptibility chart, 352–3

Taxonomy of materials, 17, 21
TBC see Thermal properties barrier coatings
Temperature:

alloys, 302–3
dependence, 276–8
gradients, 263
high, 275–309
materials to resist creep, 296
service, 246

Tensile strength, 112, 164
Tensile stress, 49–51
Tesla, Nikola, 347
Testing:

creep, 278–80
toughness, 165–6

Thermal properties:
actuation, 260–2
barrier coatings, 300–1
buffers, 267–8
characteristics, 5–7
charts, 249–51, 252
conduction, 333–4
conductivity, 6, 318

charts, 248–50
manipulation, 257–8
physics, 255–7
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Thermal properties: (continued)
yield strength, 250–1

diffusivity, 6–7, 249–50
electrical insulation, 333–4
energy, 253
expansion, 254–5, 257
gradients, 262–4
imaging, 335–8
physics, 251–7
sensing, 260–2
shock resistance, 263
stress, 259–62
thermoplastics, 436–7
thermosets, 66

Thin objects shaping, 419
Tie-rods:

design, 90–1
objective function equations, 90
weight, 89–91, 149–50
yielding, 142

Titanium alloy S-N curve, 214–15
Tolerance and roughness, 421–3
Tools, 467–8
Torsion in shafts, 86–7
Total internal reflection, 371–2, 382
Toughness:

energy release rate, 168–70
fractures, 164–5, 176–7
test, 165

Transformer cores redesign, 42–3
Translation:

heat sinks, 42
manufacturing processes, 411
strategy, 37, 39–43

Translucent materials, 369
Transmission of radiation, 368, 370
Transparent materials, 369
Transparent metals, 376–7
Transport systems energy requirements, 498
Tribology, 228–9
Tungsten carbide, 62
Turbine blades, 298–300

UL see Underwriters Laboratory (UL) …
Ultraviolet absorption, 394–5
Underwriters Laboratory (UL) rating, 389–90
Unit cells, 60–2
Unstructured data, records, 25
UV radiation, 9

Vibration:
atoms, 252–3
beams, 88
damping coefficient, 186–7
resonance avoidance, 104

Vickers test (hardness), 115
Viscous flow, 277–8, 416–17
VOCs see Volatile organic compounds
Volatile organic compounds (VOCs), 403
Volume, materials, 153
Volumetric strain see Dilatation

Water:
chemical properties, 9
corrosion, 395
fresh and impure, 397–401

Water molecule dipole moment, 326
Watt, James, 331
Wear, 235–40

adhesive, 234
charts, 229–31
hardness chart, 230–1
materials, 239–40
physics, 234–5
wear rate, 228–31

Weight, 47–80
beams, 92–4
panels, 91–2
tie-rods, 89–91, 149–50

Welding, 22, 459–61
Wind tunnels, 266–7
Wings of aeroplanes, 5, 187–8
Wobble and stiffness-limited design, 81–110
Work of fracture, 164
Work hardening, 112, 129, 131–2

Yield strength, 164
definition, 112
dislocation strength, 132–3
properties, 4
thermal conductivity, 250–1

Yielding, 111–39
shafts, 144–6
yield limited design, indices, 149–53

Young’s modulus, 51–2, 55, 73, 118

Zircon, 374
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