
a
accuracy 84, 91
acid 92
adhesive 111
– joint 102
age-hardening 106ff
allowance machining 120
alloy, copper-aluminum 18
– casting 25
alloy, copper-aluminum-silicon-cobalt 157
alloy, copper-beryllium 156, 159, 161 ff,

164, 166 ff
alloy, copper-chrome-iron-titanium 157,

162
alloy, copper-chromium, casting 20
alloy, copper-cobalt-beryllium 157, 161
alloy, copper-iron 157, 161
alloy, copper-manganese 166ff
– casting 25
alloy, copper-nickel 18, 158, 160 ff, 166
– casting 25, 164
alloy, copper-nickel-aluminum-magne-

sium 157
alloy, copper-nickel-beryllium 157, 161
alloy, copper-nickel-silicon 157, 161
alloy, copper-nickel-silicon-magnesium 157
alloy, copper-nickel-tin 18ff, 157, 160, 162
alloy, copper-nickel-zinc 18 ff, 159ff
alloy, copper-silicon 159ff
alloy, copper-tin 15
– casting 22
alloy, copper-tin-lead, casting 25
alloy, copper-tungsten 163
alloy, copper-zinc 15 ff
– casting 22
alloy, copper-zinc-aluminum-cobalt 157,

162
alloy, copper-zinc-lead 15 ff, 161 ff
alloy, copper-zinc-silicon 15 ff, 161
alloy, copper-zinc-tin 157, 161

alloy, copper-zinc-tin-iron 157, 162
alloy, copper-zinc-tin-iron-nickel 157, 161
alloy, copper-zirconium 157
aluminum bronze 18, 161, 163
ammonia 77
ammonia test 133
annealing 102
– time 103
– soft 103ff
– solution 103, 106 ff
anode 4
– sacrificial 129 ff
application 123
– automotive 124
– bearings 124
– electric 124
– electronic 124
– examples 123
– limits 120
– sliding 124
argon arc welding 98
availability 1

b
bar 156, 160, 167
battery terminal 22
bearing 113, 120, 153, 164
– applications 124
– plain 22, 24 ff, 49 ff, 52, 137 ff
– self-lubricating 28, 33
– sintered 33, 138, 140, 164
– toggle 25 ff, 141
behavior of copper materials 75 ff
– cyclic load 75 ff
– dynamic load 75
– fatigue 75ff
– low temperature 74
bend 80
bend radius 80ff
– spring strip 62 ff

169

Copper in the Automotive Industry. Hansjörg Lipowsky and Emin Arpaci
Copyright © 2007 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim
ISBN: 978-3-527-31769-1

Subject Index



bendability 80 ff
bevel gear 25, 141
blank, round 34
blanking 90
blasting 108
blister copper 3
boiling point 55 ff
bolt 14
bonding 102
– pretreatment 111
borax 97
borderline corrosion 128
brake lining tube 67
brake pipe 19
brass 15, 158
– cast 22
– free cutting 85ff
brazability 94
brazing 94 ff, 117, 153, 167
– pretreatment 110
bronze 15, 163
bronze, aluminum 18, 161, 163
– casting 25
bronze, casting 22
bronze, phosphor 15, 156, 159 ff, 166
bronze, tin 15, 103
bronze, tin-lead, casting 25
brushing 108, 111
burnishing 109
burr 92, 110
bus bar 161, 167
bushing 17 ff, 49 ff, 52, 118, 139
– conrod 141
– rocker arm 25
– turned 139
– wrapped 25, 139 ff
butt welding 99

c
cable 37
casting 45 ff, 117, 119, 153, 163, 167
– centrifugal 45, 49, 51 ff
– chemical composition 52
– chill 45
– classification 51 ff
– composite 50
– continuous 45, 49, 51 ff
– Croning 47
– cylinder 52
– designation 51 ff
– die 48, 51, 58
– – gravity 48
– – low-pressure 48

– – pressure 45, 48, 51, 58
– dimension 50
– exact 47
– investment 46
– lost-wax 46
– material number 52
– mold
– – ceramic 47, 51
– – gypsum 47
– – hand 51
– – lost 46, 51
– – machine 51
– – permanent 47, 51
– – shell 47, 51
– pattern, lost 51
– pattern, permanent 51
– precision 46, 51
– rod 52
– roughness 121
– sand 45ff, 51
– shape 50
– Shaw form 47
– tolerance 121
– tube 52
cathode 4
cavitation 18, 130
chatter mark 88
chemical composition 40
chip breaker 86
chip formation 85
cladding 101
– roll- 115
cleaning 108
coating 94, 164, 167
– chromium 113
– decorative 108
– electro- 113
– electroless 114
– electrolytic 112
– gas-proof 113
– gold 113
– hot-dip 114
– lead 114
– metallic 112
– nickel 113 ff
– nickel-chromium 113
– non-metallic 112
– pretreatment 111ff
– protective 108
– PVD, CVD 112
– repair 114
– silver 113
– thermal spray 114
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– tin 113ff
cold extrusion pressure welding 101
cold forming 30
cold working 30, 55, 103
collector ring 12
colophony 95
coloring 112
commutator plate 91
composites 27
– mechanical properties 70
composition 80
– chemical 40, 52, 74
compression strength 60, 139
condition, material, designation 41ff
conductivity 117, 135
– electrical 12, 13, 21, 22, 55 ff, 103, 136
– – spring wire 68 ff
– heat 56 ff, 98, 136, 138 ff
– thermal 56 ff, 136, 138
conductor path 109
connector 16 ff, 34, 74, 80, 118, 133, 151,

157
conrod bushing 141
CONSTANTAN 37
contact corrosion 108, 129
contact member 12, 14, 84
contact rail 101
contamination 55ff
conversion layer 127 ff
copper 3 ff
– age-hardenable 56 ff, 67
– blister 3
– casting 20
– cathode 9
– classification 11
– concentrate 6
– low alloyed 13ff
– matte 4
– properties 55 ff
– refinery 151, 156, 165
– secondary 5, 7
– tough-pitch 4
copper, wrought 11 ff, 29
– composition 40
– designation 39 ff
– dimensions 33 ff
– material number 39 ff
– numbering system 39ff
– shapes 33ff
cord 31
– welding 100
corrosion 95
– fatigue 130

– protection 112ff, 119, 132
– resistance 15, 18, 127 ff, 132
– risk 127
– borderline 128
– contact 108, 113, 129
– copper alloys 130
– galvanic 113
– gas 132
– inter-crystalline 129
– pitting 128, 131 ff
– selective 129
– standstill 129
– uniform 128
cost 118 ff
countersinking 90
crack formation 111
creep 72 ff, 120
– limit, 0.2% 72
– resistance 13
– yield limit 73
Croning 47
CUPAL 27
CuproBraze® 94, 100, 143
cutting 90
– edge geometry 88
– force 85 ff
– speed 88
– autogenous 93
– plasma 93
– thermal 93
– thread 91 ff
– wire 93
CVD (Chemical Vapor Deposition) 112
cylinder 52

d
decoration 109
deep drawing 80
defect, volume, solidifying 56
deformation degree 79, 103
deformation resistance 30
degreasing 108
density 55ff, 136
deposition welding 101, 114
deposition, chemical 114
deposition, electroless 114
design for material 117
design for recycling 119
designation 39 ff, 52 ff
dezincification 129, 131 ff, 151
diamond 87
diamond (polycristalline diamond, PCD) 91
die casting 48
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diffusion welding 101
dimension 33ff, 50
dismantling 119
dispersion-hardened copper 27, 28
DPH (diamond penetrator hardness) 59ff
– spring strip 62 ff
drawing 84
– roughness 121
drawn products, properties 67
drilling 89
– fine 91
ductility 119
dust explosion 115

e
electrical conductivity 55 ff
– spring wire 68 ff
electrical engineering, products 152, 162,

167
electrical resistance, specific 56
electrochemical series 127 ff
electrocoating 113
electrode material, spot welding 100
electrolyte 127
electromotive series 127ff
electron beam welding 98, 100
elongation 41, 59, 63 ff
embossing 84
embrittlement 74
– hydrogen 98, 132, 151
emergency running property 138, 141
emission, atmospheric 9
enamelling 112
energy consumption 5
engrailing 90
environment, protection 8
eroding 93
erosion 18, 129
– resistance 132
etching 92
evaporation heat 56
evaporation, zinc 98
exhaust, vapor 99
expansion, thermal 55ff, 136, 139
explosive plating 101
extruded products, properties 61
extruded profile 16, 162
extrusion, impact 84
extrusion, molding 84

f
fastener 37
fatigue 72, 75 ff, 105, 155

– strength 111, 134 ff
– corrosion 130
fettling, electrochemical 92
filler metal 94 ff, 115, 153, 167
finishing, fine 90
finned tube 67
flash gap 84
flash welding 100
flow curve 79
flow stress 84
flux 94 ff, 99, 115, 153, 164
– residue 95
foil 34, 92
forging 32, 38, 118, 152, 162
– temperature 84
– drop 38
– open die 38, 84
forgings, properties, mechanical 69
formability 79, 84, 118 ff
forming 29f
– cold 30
– hot 29
– non-cutting 79
– powder metallurgical 33
– sheet and strip 80
– solid 84
– thread 92
fracture elongation see elongation
friction welding 101
fuel filter 102
fuel pipe 67
fuel pump 102
furnace 103
fusion heat 56

g
galling 113, 138
gas installation 68
gear 25 ff
– bevel 25 ff, 141
– helical 25 ff
– steering 22
– worm 22, 24 ff, 141
glass bead 111
Glidcop 27, 28
– mechanical properties 70
grain growth 103
grain size 41, 74, 103, 151, 155
graining 112
grease 108ff
grinding 90ff, 111 ff
– dust 115
guide 17
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h
hardenability 106
hardening, age- 106 ff
hardening, precipitation 59, 106 ff
hardening, work 29ff, 58
hardness 41, 59 ff, 106, 138ff
HAZELETT 31
HB (Brinell hardness) 59 ff
health care 115
heat 56 ff
– conductivity 56 ff, 98, 138ff
– dissipation 98
– evaporation 56
– exchanger 36, 143, 158
– fusion 56
– impact 96
– pipe 36
– specific 56
– treatment 55, 59, 74, 101 ff
HECNUM 37
high-frequency welding 100
high-speed (cutting) steel (HSS) 87
homogenization 103, 106 ff
hot forming 29
hot rolling 30
hot working 55
hydrogen disease 98, 132
hydrogen embrittlement 98, 132, 151

i
I.A. C.S. (international annealed copper

standard) 56
ignition point, copper 93
impact extrusion 84
impulse current welding 100
impurity 4
ingot 45
inhibitor 129, 131, 133
insert 48

j
joining 94
joint, adhesive 102

l
lace 37
land wear 88
laser beam welding 100
lattice constant 56
layer, conversion 127ff
layer, passivating 127
layer, protective 132
layer, sliding 141

lead frame 14, 34, 133, 136 ff
liquidus temperature 95
load, cyclic 75 ff
load, dynamic 75
load-bearing capacity 140
local element 127ff
lubricant 88, 140
lubrication 141
– hydrodynamic 138
machinability 13, 85ff, 119
machined volume 86
machining 85, 110
– allowance 120
– chemical 92
– dry 87
– electrical discharge 93
– micro- 91
MAC-value (maximum allowable

concentration) 115 ff
material condition, designation 41 ff
material number 39 ff, 52
melting point 55ff
melting range 57 ff
mercury nitrate test 133
metal price 118
microplasma welding 101
microstructure 45, 48 ff, 55, 59, 76, 80, 85,

103
middle stress 76
MIG (metal inert gas) welding 98
– pulsed arc 100
milling 89
– finish 91
– high speed 91
nickel silver 18, 159 ff, 166
nitric acid 128
notch 77
– toughness 74
numbering system 11, 39 ff

o
oil 108ff
over-aging 107
overlay 50
oxidation 72 ff
oxide 95, 99, 108 ff
oxygen 98

p
paint 112
passivating layer 127
patina 132
permanent mold casting 47
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permeability 135
phosphor bronze 15, 156, 159 ff, 166
phosphorus 96
pickling 109
pipe, brake 19
pipe, fuel 67
pipe, heat 36
piston boss 141
piston pin 25
pitting corrosion 128, 131 ff
plain bearing 22, 24 ff, 49 ff, 52, 137 ff
plasma cutting 93
plate 34, 52, 151, 156, 165
plating 101
– electro- 113
PM (powder metallurgical) material 28, 43
Poisson’s ratio 56
polishing 111ff
– chemical 92, 110
– electrochemical 92, 110
potential 127ff
powder metallurgy 38
– material (PM) 28, 43
precipitation 106
– hardening 59, 106 ff
pressing 84
– closed die 84
– hot 84
pressure die casting 45, 48
pressure tightness 48
pretreatment 108
printed circuit board (PCB) 34, 92
processing, mechanical 79
profile 52, 152, 162
– production 31
– drawn 38
– extruded 16, 38
proof strength, 0.2% 139
proof stress, 0.2% 41, 59, 63ff
property 55ff
– cutting 85
– drawn products 67
– elastic 59
– emergency running 141
– extruded products 61
– magnetic 135
– mechanical 45, 58 ff, 138
– – castings 70 ff
– – composites 70
– – forgings 69
– – Glidcop 70
– physical 55 ff, 138 ff
– rods 67

– rolled products 60
– self-lubricating 140
– sintered materials 72
– strength, room temperature 58ff
– technological 58 ff
– tube 67
– usage 127
– wire 68
protection, corrosion 114
protection, wear 114
protective layer 132
PVD (physical vapor deposition) 112

q
quenching 106

r
radiator 16, 94, 100, 143
reaming 90
recrystallization 79, 103
– temperature 29 ff
recycling 6
– design for 119
relaxation 18, 74, 134ff
relay spring 18, 100
reliability 142
repair 113
– coating 114
repairability 143
residual stress 77, 104 ff
residue, flux 95, 97
resistance 99
– corrosion 15, 18, 119, 132
– creep 13, 72ff
– deformation 30
– electric 18, 55 ff
– erosion 132
– oxidation 73
– tarnishing 35
– tempering 13, 72
– wear 18, 113 ff
– welding 99
resources 1
respirator 99
ring, synchronizer 17, 25 ff, 32, 84
rinsing 111
rocker arm bushing 25
rod 36, 152, 160, 167
– production 31
– hexagon 36
– hollow 36
– octagon 36
– precision 36, 120
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– properties 67
– rectangular 36, 52
– round 36, 52
– sliding 49, 139
– square 36, 52
roll-bonding 101
roll-cladding 115
rolling 84
– cold 84
– direction 80 ff
– hot 30, 84
– profile 84
– thread 84
rope, welding 100
roughness 121
running-in liner 113

s
sacrificial anode 129ff
safety measures 115
sanding 111
sawing 90
scale layer 108 ff, 132
scaling 73, 120
SCC (stress corrosion cracking) 129, 131ff,

135
scraping 108
screw tap 92
seam welding, resistance 99
seawater 130 ff
secondary copper 5, 7
segregation 103
semiconductor 136ff, 152
semi-finished product 29, 33
service life, tool 88ff, 91
shape 33 ff, 50, 160
– special 38
Shaw form 47
shear modulus 56
– spring wire 68 ff
shearing 90
sheet 34, 151, 156, 165
– production 30
– forming 80
shift fork 22 ff, 25 ff
shot blasting 111
shot peening 111
sintered bearing 138, 140, 164
sintered carbide (SC) 87 ff
sintered material 28, 43
– strength 72
sintering 33
sliding 124

– applications 124
– element 17, 20, 25, 140
– layer 113 ff, 141
– material 139ff
– rod 49, 139
SMD (surface mounted devices) 137
Smith diagram 77
softening 72
solderability 94, 96, 110
soldering 94ff, 153, 164, 167
– pretreatment 110
– strength 96
– vacuum 97
solid solution 106
solidification 49
– range 48, 58, 103
solution annealing 103, 106 ff
SOUTHWIRE 31
spot welding 99
spraying, thermal 114
spring 14, 16, 19, 34, 36
spring bending limit 41, 60, 133 ff
spring strip 62 ff, 68 ff, 103, 133 ff
spring, conductive 17 ff, 80
spring, relay 18
spring, tube 17
stability, dimensional 105
stamping, hot 84
standard, addresses 149
standard, basic 150, 154, 165
standard, testing 150, 154, 165
steering gear 22
strain rate 84
strength 106, 117, 119
– 0.2% proof 139
– adhesive 111
– compression 60, 139
– creep 72 ff
– fatigue 111, 134 ff
– high temperature 72 ff
– mechanical 45
– rolled products 60
– room temperature 58
– soldering 96
– tensile 41, 59 ff, 63 ff, 139
– – spring wire 68 ff
– weld seam 98
– yield, 0.2% compression 60
stress corrosion cracking (SCC) 67 ff, 104,

129, 131 ff, 135
stress relaxation 18
stress, 0.2% proof 41, 59, 63ff
stress, relieving 42
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– thermal 104
stress, residual 77, 104 ff
stress-strain curve 59
stretch-forming 80
strip 34, 52, 151, 165
– production 30
– contour-milled 35, 83
– electronics 133
– forming 80
– spring 62 ff, 103, 133 ff
– tinned, hot-dip 35
– tin-plated, electrolytically 35
surface design 112
surface mounted device (SMD) 137
surface quality 84ff, 91
surface treatment 108
– mechanical 112
susceptibility, magnetic, specific 56
switch 18 ff
switching segment 25ff
synchronizer ring 17, 25 ff, 32, 84
– mechanical properties 70

t
tarnish 96, 109 ff, 132, 136
tarnishing resistance 35
temperature
– boiling 55 ff
– elevated 74, 139
– forging 84
– ignition, copper 93
– limit 120
– liquidus 95
– low 74
– melting 55ff
– recrystallization 29 ff
– softening 72
– working 94, 96
tempering 106, 134
– resistance 13, 72
tensile strength 41, 59 ff, 63 ff, 139
– spring wire 68 ff
test bar 45
testing, standard 150, 154, 165
thread cutting 91 ff
thread forming 92
thread production 90
thread rolling 84
TIG pulsed arc welding 100
TIG-welding (tungsten inert gas) 98
tin bronze 15, 103
titanium 101
toggle bearing 25 ff, 141

tolerance 33
tool wear 85
tough-pitch copper 4
treatment, heat 59, 74, 102 ff
treatment, non-cutting 79
treatment, surface 108
– mechanical 112
tube 17, 52, 151, 157, 166
– brake lining 67
– circular 35
– – seamless 35
– finned 36, 67
– production 32
– properties 67
– rectangular 35
– square 35
– thin walled 100
tungsten plasma welding 101
turning 88
– fine 91
– polished 90

u
ultrasound welding 100
upsetting 84
usage properties 127

v
vacuum soldering 97
viscosity 56
volume defect, solidifying 56
warping 105

w
wear 138
– protection 114
– resistance 18, 113 ff
weight, specific 55
weld seam strength 98
weldability 98 ff
welding 117, 153, 167
– filler 115
– arc 98
– argon arc 98
– butt 99
– cold extrusion pressure 101
– cold pressure 101
– deposition 101, 114
– diffusion 101
– electron beam 98, 100
– flash 100
– friction 101
– high-frequency 100
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– impulse current 100
– laser beam 100
– microplasma 101
– MIG 98
– MIG pulsed arc 100
– pretreatment 110
– recent processes 100
– resistance 99
– resistance seam 99
– shielding gas 98
– spot 99
– spot, electrode material 100
– TIG 98
– TIG pulsed arc 100
– tungsten plasma 101
– ultrasound 100
whisker 113
wire 14, 17, 36 ff, 152, 159, 166
– cutting 93
– hexagon 37
– polygonal 37
– production 31

– profiled 37ff
– properties 68
– rectangular 37
– round 37
– spring 68 ff
– square 37
Wöhler curve 75ff, 134
work hardening 29 ff, 58
working temperature 94, 96
worm gear 22, 24 ff, 141
wrapped bushing 25
wrought copper 11ff, 29

y
yield strength, 0.2% compression 60
yielding, discontinuous 59
Young’s modulus 56 ff, 133 ff, 139
– alloy influence 59
– spring strip 62 ff

z
zinc evaporation 98
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