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Index

a
acoustic intensity 146
acoustic pressure amplitude 57
activated-flux TIG (A-TIG) welding 44
additive manufacturing (AM) 37, 107
AGL-welding process 42
Al-matrix composites 163, 165, 170,

172–175
Al-Mg-Li alloys 5
Al-Mg-Si system 14
Al-Zn-Mg-Cu alloys 91
Al2CuLi precipitation hardening 5
alloying elements 1, 6, 7, 14, 23, 26, 55,

56, 60, 86, 91, 92, 103, 180
alternative current (AC) 125
aluminum (Al) alloys 1, 2

aluminum welding, other metals 30
aluminum-copper alloys 4
aluminum-lithium alloys 5
aluminum-magnesium-silicium 4
aluminum-zinc-magnesium alloys 4
thermal cycle, on weld zone 23–30
weldability 5–6

aluminum oxide 6–7
hot cracking 10–23
hydrogen and pore formation 7–10

aluminum electrodes 127
aluminum matrix composites 170
aluminum-copper alloys 4
aluminum-lithium alloys 5
aluminum-magnesium-silicium 4
aluminum-matrix composites 165,

172–175
aluminum-zinc-magnesium alloys 4
Ampere’s right-hand screw rule 147

arbitrary Lagrangian-Eulerian (ALE)
185

arc oscillation or pulsed arc 68
arc voltage 40, 44, 49
arc welding process

defects 60
hot cracking 62–64
pores 62
segregation 60–61
smut 61–62

dissimilar metals welding 64–67
filler material 53
grain refinement 53–59
grain structure 59–60
hybrid welding 48–49

plasma-MIG welding 49–51
TIG-MIG welding 51, 52

MIG welding 40–41
modification 42

A-TIG welding 44
CMT welding 47
double-wire MIG welding 44–46
hyperbaric welding 48
indirect electric arc 46–47
K-TIG 42–44
negative-pole and positive-pole TIG

welding 42
positive-pole plasma welding 47

PAW 39–40
protective gases 52–53
simulation 67–72
TIG welding 38, 39

arc welding technology 49
asymmetric hardness profile 168
austenitic stainless steel 1, 148
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b
beam parameter product (BPP) 87
beam welding processes

Al welding
additive manufacturing 107
aluminum welding, dissimilar

materials 108–109
cast aluminum 107–108

defects formation, during laser welding
hot cracking, in laser welding

93–96
pore formation mechanism 88–93

laser systems 87–88
laser welding simulations 109–115
modifications, Al laser welding

hot-wire laser welding 106–107
hybrid laser welding 103–104
micro laser welding 99
multi-spot laser beam welding

98–99
oscillation laser beam welding

104–105
pulsed laser beam welding 99–103
vibration assisted laser beam welding

105–106
shielding gases, in laser welding

96–98
bilateral synchronous TIG welding 42
binary phase diagram 19, 20
brittle temperature range (BTR) 11, 64
butt configuration 66, 108, 141, 175, 177,

182, 183
Butt welding 171, 179, 183

c
capillary pressure 17
carbon steels 67, 165
cast aluminum alloys 1
catenoid 85, 86
cavitation bubble 57, 91, 106
cavitation depression 15
cell-arms distance 12
chemical composition 14, 15, 53, 54
circular oscillating motion 99
Clausius–Clapeyron equation 57, 98
coach peel coupon 154
cold cathode Al 39
cold lap 172, 179
cold metal transfer (CMT) 25, 47, 103
columnar and equiaxed grains 29
columnar grains 17, 19, 28, 29, 94, 112,

133
columnar or dendritic grains 28

columnar solidification 54
commercial thermodynamic software 19
consumable electrode 40, 49, 61
contour method 68, 69, 110
convection Marangoni flow 103
conventional arc welding processes 65,

83
conventional laser welding 99, 105
cooled NZs 167
corrosion resistance of joint 182
coupled Eulerian–Lagrangian (CEL) finite

element models 185
crack deflection 179
crevice corrosion 182
critical strain rate 15, 18, 93
cross-tension fracture load 154
current density 50, 51, 133

d
defect-free joint 171
deformation 10, 15, 68, 69, 130, 135,

136, 145, 146, 169, 171, 177, 182,
184

degree of segregation 26, 29
degree of supersaturation 26, 131
dendrites 28

fragmentation 59
microstructure 135
structure 59

diffusion coefficient 21, 30
direct current (DC) 38, 39, 42, 125
dispersoids 5
dissimilar joints 30, 141, 155
dissimilar tee-joining 183
dissolution or coarsening 164
distortion 29, 37, 42, 47, 69–71, 83, 109,

110, 154, 181
double-pulsed variable-polarity TIG (DP

VP-TIG) 43
double-wire GMAW 44
dwelling time 13
dynamic recrystallization 164, 165, 173
dynamic resistance 126, 127

e
efflux 42
elastic finite element model 68
elastic-plastic Johnson-Cook law 185
electrical contact resistance 128
electrical resistance 106, 108, 125–128,

138
electromagnetic force 45, 50, 58
electromagnetic pinch force 51
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electron back scattered diffraction 27
energy distribution 85
equiaxed grains 17, 28, 29, 54–56, 63,

94–96, 104, 106, 111, 132
equilibrium segregation coefficient 19
European standard system 1
eutectic microstructure 14
eutectic temperature 19, 21, 22, 137
eutectics 12, 23
external magnetic field 57, 146, 147

f
Fast Fourier Transform (FFT) pattern

175
fatigue crack initiation 10, 182
final aging treatment 2
fine reinforcing particles 165
fine-grained equiaxed zone 146
finer microstructure 103
finite element (FE) 68, 150
Fleming’s left-hand rule 146
fracture pattern 97
fracture stress 145
free crystallization cell boundary 9
Fresnel absorption model 114
friction coefficient 185
friction stir processing (FSP) 175
friction stir welding (FSW) 25, 163

Al alloys 164–172
Al-matrix composites 172–175
dissimilar materials 176–180

friction surfacing process 67
full fine-equiaxed grain structure 29
fusion ratio (R) 95, 96
fusion welding 1, 9, 30, 64, 67, 142, 146
fusion zone (FZ) 4, 23
fusion-based process 125

g
galvanic corrosion 144, 182
gas metal arc welding (GMAW) 25, 37
gas tungsten arc welding (GTAW) 37
Gibbs free energy 59
glass/aluminum joining 109
globular transfer 41
grain boundaries 10, 17, 23, 26, 28, 53,

63, 94, 135, 167, 168, 170
grain refinement 17, 53–59, 95, 164–166,

173, 174
graphite lubricant 62
growth restriction factor (GRF) 55

h
Hall–Petch equation 28, 170
heat absorption 6
heat affected zone (HAZ) 3, 4, 23, 25, 85,

134, 154
heat conduction mode laser welding 85
heat sinking 37, 147
heat treatable (HTA) 2, 4, 26, 131, 154,

164, 166
heat-affected zone (HAZ) 3, 164
heat-treatable aluminum alloys 4, 26,

131, 154, 165
helium or argon 96
heterogenous nucleation 57–59, 143
high-speed digital control 47
homogeneous welding 53
hot cracking 6, 10–23, 29, 37, 39, 53,

62–64, 85, 93–96
hot-wire laser welding 106–107
hull structure 83
hybrid arc-laser techniques 108
hybrid laser welding 103–104
hybrid plasma-MIG 49–50
hybrid TIG-MIG welding 52
hybrid welding 48–49

plasma-MIG welding 49–51
hydrogen 7–9, 38, 44, 62, 90, 96, 107
hyperbaric welding 48

i
inclusions 23
incoherent dispersoids 5
indirect arc welding 46
indirect electric arc 46–47
individual thermal elastic-plastic finite

element simulations 71
induced magnetic field 147
infraredwavelength 86
inherent deformations 71
inherent strain method 71, 72
innovative wire-feed system 47
instantaneous high pressure 57
intensive cooling system 39
inter-dendritic low-melting compounds

94
inter-dendritic space 12, 100
inter-granular corrosion 53
inter-granular crystals 26
intermetallic compounds (IMCs) 30,

163
ionized metal vapor 50, 88
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j
joining methods 1, 2
joining techniques 164
joint configuration 83, 163, 172, 180

k
keyhole TIG (K-TIG) welding 42–44
kissing bonds 171, 182

l
lap configuration 64, 67, 94–96, 108, 109,

140, 179, 180, 182
lap joining 2, 183
lap joint configurations 163, 172
large recrystallized grains 135
laser arc hybrid welding (LAHW) 97,

103
laser beam welding 83, 97
laser donut welding 85
laser powder bed fusion (LPBF) 107
laser techniques 108
laser transmission welding (LTW) 109
laser welding 25, 38, 42, 83, 85
latent heat of solidification 57
liquation cracking 13, 23, 24, 63, 64, 139,

163
liquid viscosity 15
liquidation cracking 4
liquidus temperatures 15, 54, 135, 136
lithium 5
localized plastic deformation 177
Lorentz force 39, 44, 51, 108
low-melting compounds 13, 16, 17, 94,

95

m
macro-interlocking 163
magnetic arc blow 51
magnetic induction 44, 51
magnetic pinch pressure 41
manganese 5
Marangoni effect 97, 114
maximum tensile strength 39
mechanical joining methods 1
mechanical strain 64
medium frequency direct current (MFDC)

125
melting temperature 5–7, 10, 19, 23, 64,

86, 92, 127, 135, 136, 139
metal inert gas (MIG) 37, 40

metal matrix composites (MMC) 46
metallurgical bonding 6, 64, 108, 148,

164, 176, 180, 184
metallurgical phenomena 10
Mg2Si compounds 53
micro laser welding 99
micro-arc-oxidation coating 109
microhardness test 23
microhardness-profile data 27
minimum beam irradiance 86
minimum susceptibility 39
Mises criterion 145, 152
molten metal 128, 136
molten pool 11, 42, 44, 62, 85, 92, 96–98,

104, 114
multi-focus beam shaping 99
multi-pass welding 37, 60, 69, 83
multi-ring dome-shape electrode

geometry 130
muti-focus laser beam 98–99

n
narrow-gap welding (NG-welding)

51–52
narrower columnar dendrite zone 103
narrower gap 52
natural aging 4, 24, 171
natural pre-crack 94
negative polarity 40
negative strain rate 15
nitride flakes 97
nominal peak joint stress 153
non-consumable electrode 39, 49
non-heat-treatable (NHTA) Al alloys

132, 164
non-metallic materials 109
non-uniform hardness distribution 60
non-uniform particle dispersion 175
nucleants 55, 56
nugget zone (NZ) 26, 27, 131–133, 135,

136, 141–143, 146, 148, 150, 164

o
O-temper condition 26, 166
one droplet per one pulse 49
one-directional heat transfer 37
optical microscopy 27, 164
optimum properties 39
oscillation laser beam welding 104–105
outer plasma arc 50
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oxide layer 6–8, 38, 39, 42, 44, 96, 103,
127–130, 141–146, 171, 176

oxide removal 49

p
parent materials 30, 46, 140
partially melted zone (PMZ) 6, 23, 135
particle stimulated nucleation (PSN) 173
Peltier effect 125, 129, 139
penetration depth 40, 44, 53, 85, 97, 104
plasma arc welding (PAW) 37, 39–40
plasma gas flow rate 51
plasma shielding effect 88
plasma welding 38, 47, 49, 104
plastic deformation 29, 68, 164, 169, 171,

173, 177, 185
plume plasma 90
Poisson’s ratio 150
polymer/aluminum joining 109
pore formation 37
porosity formation 92
porosity on, mechanical behavior 10
positive strain rate 15
positive-negative pole 39
positive-pole plasma welding 47
post weld heat treatment (PWHT) 4, 165
pre-heating current 128
precipitate dissolution 165
precipitate-induced pinning 167
precipitation hardened alloys 3, 23
precipitation hardening 1, 28
precision power laser 107
primary dendritic 12
primary strengthening mechanism 164
protective gases 53
pulsation 103
pulsed direct currents 45
pulsed laser beam welding 99–103
pulsed Nd:YAG laser welding 98

r
radius of the wire 41
recoil pressure 89, 91–93, 98, 114
recrystallized grain structure 173
reinforcing particles 165, 172–175
residual strain 149, 150
residual stress 2, 13, 67–72
resistance spot clinching (RSC) 144, 145
resistance spot welding (RSW) 125–127
resistance welding (RW) 2, 126

defects, Al alloys 135–137

dissimilar aluminum alloys 137–139
dissimilar metals 139–144
joint evaluation 152–155
modifications, welding Al alloys

144–149
simulation 149–152
weld zones

nugget zone 131–133
TMAZ 133–135

rod-shaped grain refiners 54

s
sandblasting 86
SC susceptibility index 23
scanning electron microscopy (SEM) 9,

13, 164
Scheil equation 21, 22
Scheil–Gulliver model 21, 150
secondary dendrite arm spacing 12, 15,

21
secondary recrystallization 167
segregation 12
semi-coherent interface 174
shielded metal arc welding (SMAW) 38
shielding gases 97
shrinkage 15
shrinkage-brittleness theory 11
shunting effect 130–131
Si-rich eutectic compounds 23
single-pass weld 16
single-sided wedge testing 154
smuts 61–62
softening 163
solid solution hardening 1, 164, 168
solid solution state 2, 131
solid state welding process

Al-matrix composites, FSW 172–175
dissimilar materials, FSW 176–180
FSW of, Al alloys 164–172
joint design 180–184
simulation 184–186

solid-liquid interface velocity 101
solid-solution hardening 1
solid-state diffusion 21
solid-state welding processes 30
solidification 7
solidification cracking (SC) 4, 10, 136,

148, 163
solidification cracking susceptibility (SCS)

53
solidification direction 15
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solidification interval 12
solidification nuclei 54
solidification parameters 95
solidification rate 103
solidification shrinkage 12, 94, 102, 135,

146
solidification speed (R) 27, 28
solidification time 102
solidus temperatures 14
solution hardening 4, 28
spatial power modulation 99
spiking effect 91
spot-in-spot configuration 98
stable arc 40
strain distribution 37
strain hardening 28, 164
strain rate, of deformation 15
strain-hardening mechanism 173
supplementary designation system 1
surface oxide 9, 128
surface roughness 86, 150
surface tension 41, 43, 93

gradient 114
of molten Al 59
temperature coefficient 93

sustainable welding process 163
swing technique 64

t
Tee joints (T-joints) 2, 84, 109, 110,

181–184
temperature gradient (G) 27, 28, 54, 55,

101, 104, 112, 114, 132
tensile shear test 152, 153
tensile stresses 12
thermal contraction 12, 15, 101
thermal diffusivity 86
thermal elastic-plastic method 70
thermal expansion coefficient 3, 29, 135
thermal gradient 14, 15, 102, 131, 136
thermal-electrical model 151
thermal-mechanical model 184
thermo-mechanically affected zone

(TMAZ) 133–135, 164
thermodynamic driving force 167
Ti melting 66
TiC nanoparticles 63
transmission electron microscopy (TEM)

26, 27, 164, 171, 174, 177
tungsten electrode 39, 42, 47, 52

tungsten inert gas (TIG) 37–40, 42, 47,
51, 53–56, 61, 85, 103, 107, 142

two-level hot crack index 14

u
ultrasonic resistance welding (URW)

148
ultrasonic vibration 57, 106, 146
ultrasonic-assisted arcwelding processes

57
uniform dispersion 170, 175
uniform fine pores 7
uniformly dispersed semi-coherent

precipitates 24

v
vapor-gas channel 49
variable polarity (VP) 37, 41
velocity of isotherms 15

w
water-cooled NZs 167
weld gap 38, 42
weld pool 103

formation 85
geometry 39

weld zones
nugget zone 131–133
TMAZ 133–135

weld-brazing 108
for butt joints 65
technique 47

weldability 5–6
aluminum oxide 6–7
hot cracking 10–23
hydrogen and pore formation 7–9

welding parameters 15, 17, 18, 27, 95,
138

welding sequence 4, 69
welding speed 7, 16, 17, 39, 42, 62, 85,

86, 95, 98, 107, 111, 166, 181
welding technologies 2, 49
wire feed speed (WFS) 40, 50
wobble technique 99, 100
work hardening 4, 173
work-hardened (H-temper) condition

170
wrought aluminum alloys 2

y
yield strength (YS) 28, 29, 53, 68, 97
Young’s modulus 3


