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A

ac/dc welding machine, 31-32
air carbon arc gouging, 206
air-cooled torch, 60
alternating current (ac), 17
alternating current/direct current power supplies,
31-32
alternating current high frequency (ACHF),
square wave, 18-19
transformer, 17-18
welding aluminum, 138-140
welding magnesium, 150-151
alternating current power supplies, 29-30
aluminum
ACHF welding, 138-140
base materials, 133—134
castings, 134
classification, 134
DCEN welding, 140-143
filler materials, 134—135
joint preparation, 135-138
manual welding, 133-146
preheating, 138
preweld cleaning, 136-137
tack welds, 138
tempers, 134
weld backing, 137
welding procedures, 144—146
wrought material identification, 133
American Welding Society (AWS), 7
symbols, 91-93
terms, 91
amperage
controls, 38-39
ranges, 38

anode, 21
arc
parts, 21
starting, 19-20, 69
arc wandering, 69-7(
argon, 21, 73
argon-helium mixtures, 73-74
argon-hydrogen mixtures, 74
arrow, 91
atmosphere chamber, 110
austenitic stainless steel, 167-168
automatic mode, 8
automatic voltage control (AVC)
AVC systems, 53
AVC as accessory, 218-219
automatic welding, 227-229
equipment, 227-228
preprogram test, 228—229
system, 11
weld schedule maintenance, 229
auxiliary controls, 39
auxiliary equipment and systems, 43-71
automatic voltage control system, 53
auxiliary high-frequency generator, 43-44
cold wire feeder, 48-49
gas tungsten arc spot welding systems, 53—55
hot wire feeder, 49-51
oscillator, 51-52
pipe-to-pipe welding, 56-58
pulsers, 4446
remote controls, 47-48
slope controllers, 46
timers, 4647
torches, 58-67
tube-to-tube sheet welding, 56
tube-to-tube welding, 55
tungsten electrodes, 67-70
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280 Gas Tungsten Arc Welding Handbook

auxiliary high-frequency generator, 43—44
auxiliary tooling, 108-111

backing bar, 105-106
basic weld symbols, 91
beads, 125
bend test, 235
bridging fillet weld, 94
burn through, 118, 122
butt joints and welds, 87, 93-94
butt type joint, 190
preparation, 192—193
butted materials, 203
buttered materials, 203
buttering, 90

C

carbon steels, 161
casting the penetration, 105
castings
aluminum, 134
copper and copper alloys, 158
stainless steel, 167
cathode, 21
Certificate of Conformance, 82
certification, 248
estimating cost, 252
certified chemical analysis, 82
chill bars, 173
cladded material, 204
cladding, 90
codes, 247
cold laps, 242-243
cold rolled steel, 161
cold wire feeder, 48—49, 219
collet, 61
combination assembly and welding tooling, 102
commercial flux, 173
concave root surface, 118, 122
concave weld, 118, 121
constant current power supplies, 29
consumables, 251-252
contactor, 16
contamination, 20, 68, 70
filler material, 85-86
titanium, 185, 188
convex crown, 118
convex weld, 121
copper and copper alloys
base and filler materials, 153
castings, 158

DCEN welding, 156-157
joint preparation, 153, 155-156
manual welding, 153-159
preheating, 156
tack welds, 156
weld backing, 155
weld joint design and fit-up, 153
corner joints and welds, 88, 95
corrosion test, 239
costs, 251-253
cracks, 118, 122
repair, 242
crater, 118, 121
cross section test, 238
crown weld, 201
current, 17-19
and arc voltage, 28-29
current flow, 17

D

dams, 194
dc component, 18
direct current electrode negative (DCEN) welding
aluminum, 140-143
copper and copper alloys, 156-157
defined, 17, 19
magnesium, 151
nickel, nickel alloys, and cobalt alloys, 181
stainless steel, 174—175
steel, 164165
titanium, 187
direct current electrode positive (DCEP) welding
defined, 17, 19
magnesium, 152
design considerations, 91, 93-98
destructive tests
bend test, 235
cross section test, 238
nick-break test, 238
notch-toughness test, 236237
tensile test, 235-236
Dewars system, safety rules, 24
dilution, 97
dimensional repairs, 241
direct current power supplies, 30-31
direct current reverse polarity (DCRP). See direct
current electrode positive (DCEP) welding.
direct current straight polarity (DCSP). See direct
current electrode negative (DCEN) welding.
dissimilar metals
butt joints, 204-205
clad material joints, 205
filler materials, 205-206



heat input, 208209
joint
cleaning, 208
fit-up, 208
preparation, 206
manual welding, 203-212
material combinations/applications, 203-205
overlay type joints, 205
welding technique, 211
double welds, 88
droopers, 29
dross, 136
duty cycle, 16, 28, 38, 59

E

edge joints and welds, 88, 95, 97
electrodes. See tungsten electrodes.
ELI materials, 184
emissivity, 69
end cap, 61
engine driven welding generator, 36-37
equipment setup
alternating current GTAW, 115-116
DCEN, 115
DCEP, 116
job and equipment considerations, 113-114
estimating cost, 251-253
external tooling, 102

F

ferrite test, 239
ferritic stainless steel, 168
filler material
aluminum, 134-135
copper and copper alloys, 153
dissimilar metals, 205-206
forms, 82-84
magnesium, 148
manufacturing, 81-84
nickel, nickel alloys, and cobalt alloys, 179
specifications, 81-82
stainless steel, 170
steel and steel alloys, 162
titanium, 183-184
welding shop use, 84-86
fillet welds, 120-122
finger bar, 106
fit-up (butt joint procedure), 196
flame cutting, 206
fusion welding, 15
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G

gas
inert, 21-24, 73-74
shielding, 73-80
gas analyzer, 78-79
gas-cooled torch, 60
gas lens, 61-62
gas nozzle, 61
gas tungsten arc spot welding system, 53-55
gas tungsten arc welding (GTAW)
advantages, 12
applications, 11-12
grain structures, 97-98
grinding, 70
groove weld
defects, 117-120
internal defect repair, 244

H

hardness test, 238-239

hard tooling, 101

heat sink tooling, 102

helium, 21, 73

high-frequency arc stabilizer, 37
high-frequency start, 20
high-frequency voltage generator, 18
hold-down bar, 106

hot rolled steel, 161

hot wire feeder, 49-51

hourly flat rate cost, 253
hydrostatic test, 239

icicles, 118
incomplete penetration, 243
inert gas, 73-74

mixing, 78

safety, 23-24

supply and regulation, 21-22
in-process inspection, 252
inspection costs, 252
integral backing, 137, 172
interference fit, 95
internal defect repairs, 243-244
internal tooling, 102
interpass, 98
interstitials, 184
inverter power supplies, 32-33

J

Joggle-type joint, 89
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L

labor, 251
lack of fusion, 118, 120
lack of penetration, 120
lap joints and welds, 88, 94-95
lap type joint, 189
preparation, 191
lateral joint, 190
preparation, 191
lathe, 108-109
linear porosity, 118
longseam travel, 216
longseam weld, 213

macrotest, 238
magnesium
ACHF welding, 150-151
base materials, 147
DCEN welding, 151
DCEP welding, 152
filler materials, 148
joint preparation, 148—150
manual welding, 147-152
postweld treatment, 151
preheating, 149
tack welds, 149-150
weld joint design, 148
wrought material identification, 147
magnetic particle test, 232-234
manifold, 75-77, 105
manipulator, 108, 219
manual mode, 8
manual welding
aluminum, 133-146
copper and copper alloys, 153-159
dissimilar metals, 203-212
magnesium, 147-152

nickel, nickel alloys, and cobalt alloys, 177-181

pipe, 189-201

stainless steel, 167—-176

steel and steel alloys, 161-166

system, 8—10

techniques, 117-131
fillet welds, 120-122
groove welds, 117-120
preweld cleaning, 122—123

torch angles and bead placement, 123

types of beads/passes, 125
welding procedures, 126131
titanium, 183-188

martensitic stainless steel, 168

material processing, estimating cost, 252

melt-through, 122

microhardness test, 238

microtest, 238

mismatch, 94

multi-operator power supplies, 33-36

N

National Electrical Manufacturer’s Association

(NEMA), 27
nick-break test, 238
nickel, nickel alloys, and cobalt alloys
base materials, 177
filler materials, 179
manual welding, 177-181
preparation, 179-181
problem areas, 177-178
procedure, 181
tack welds, 181
weld backing, 180-181
nitrogen, 74
nondestructive tests
estimating costs, 252
magnetic particle test, 232-234
penetrant test, 232
radiographic test, 234-235
ultrasonic test, 234
visual test, 231-232
notch-toughness
test, 236-237
titanium, 185

o)

open circuit voltage (OCV), 28, 38
oscillator, 51-52, 220

overhead, 253

overlaid materials, 204

overlap, 118, 121

oxygen, 23

P

parameters, 16
penetrameters, 235
penetrant test, 232
pilot arc start, 20
pilot arc system, 54
pipe
manual welding, 189-201
joint designs, 189-190
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joint preparation, 190-193 Q
purging, 193-195
root passes, 199-201 qualification and certification, 247-250
root purging, 195 quality control/inspection, 231-240
tack welding, 196-197 destructive tests, 235-239
welding techniques, 198-201 inspection areas, 231
pipe-to-pipe welding, 56-58 nondestructive tests, 231-235
pipe weld joint, 90 weld integrity inspections, 238-239
plasma, 21
plasma arc cutting, 206 R
point deterioration, 69
porosity, 118 radiographic test, 234-235
repair, 242 rectification, 18
positioner, 108-109 reference line, 91
Pots, 4647 regulator/flowmeter, 77
power supplies, 16-17, 27—41 relief step design hold-down bar, 107
ACHEF, 138-140, 150-151 remote controls, 47-48
alternating current, 2930 removable backing bar, 137, 173
alternating current/direct current, 31-32 repair. See weld repair.
controls, 37-39 reverse polarity (RP), 18
direct current, 30—31 robotic welding, 227-228
installation, 39 root passes, 199-201

root purging, 195

inverter, 32—-33
nverter. rotational travel, 216-218

maintenance, 40

multi-operator, 33-36 rotational weld, 213
NEMA guidelines, 27 s

precipitation hardening stainless steel, 168

pasheating, 98 safety, 15, 22-25

aluminum, 138
copper and copper alloys, 156
magnesium, 149

electrical current, 22-23
inert gases, 23-24
welding environment, 24-25

stainless steel, 174 scratch or tap start, 19-20
steel and steel alloys, 164 seamer, 108
b

preprogram test, 228-229 seam tracker, 110-111
pressure test, 238 segmented finger, 106

prewelq cleaning, 122-123 semiautomatic mode, 8
aluminum, 136-137 semiautomatic welding, 10-11, 213-225
£opper, 155 accessories, 218-220
dissimilar metals, 208 automatic voltage control (AVC), 218-219
magnesium, 149 cold wire feeder and manipulator, 219
nickel, nickel alloys, and cobalt alloys, 179-180 hot wire feeder, 220
stainless steel, 171-172 OSCﬂlatOI',‘ 220
steel, 162-163 pulser, 220
titanium, 184-185 timers and slopers, 220
procedure qualification, 247-248 equipment, 213-216
estimating cost, 252 arc voltage control, 215
procedure specification, 247 power supply, 215
process operation, 15-16 travel control, 216
pulser, 44-46, 198, 220 longseam, 1011
purging materials, 213
dams, 194 problem areas, 224225
pipe, 193-195 rotational, 11
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spot welding, 11 preweld cleaning, 162-163
system, 10-11 weld backing, 164
weld steel, forms and shapes, 161-162
test, 220 straight polarity (SP), 18
travel, 216-218 stringer beads, 125
types, 213 surface defect repairs, 242-243
weld schedule, 220-224 surfacing, 90
shearing, 206 symbols, 91
shielding gas, 73-80 p
distribution, 75-77 " T
purity, 74
purity testing, 78-79 tack welding
regulation, 77-79 aluminum, 138
storage, 74 copper and copper alloys, 156
supply, 74 magnesium, 149-150
types, 73-74 nickel, nickel alloys, and cobalt alloys, 181
shop aids, 101 pipe, 196-197
slope controllers, 46 stainless steel, 174
sloper, 220 titanium, 178
socket type joint, 189 tempering beads, 244
preparation, 190-191 tensile test, 235-236
solid-hold down bar, 106 test tooling, 107-108
special ferritic stainless steel, 167, 169 timer, 4647, 220
specification and testing organizations, 248-250 titanium
specifications, 247 base material, 183
spitting, 68, 150 contamination, 185, 188
spot welding, 11 DCEN welding, 187
square wave. See alternating current high filler material, 183—184
frequency (ACHF). manual welding, 183-188
stainless steel postweld heat treatment, 188
base materials, 167-170 preparation, 184—187
carbide precipitation, 169 tack welds, 187
cracking, 169 techniques, 187-188
DCEN welding, 174-175 weld shielding, 185-187
distortion, 170 T-joint, 190
filler materials, 170 preparation, 191
manual welding, 167-176 T-joints and welds, 87, 95
postweld heat treatment, 175-176 tooling, 101-112
preheating, 174 application and operation, 102—-103
preparation, 171-174 auxiliary, 108-111
procedure, 175 backing bar, 105-106
tack welds, 174 design, 101
types, 167-169 estimating cost, 252
weld backing, 172-173 for magnesium, 149
wrought material identification, 167 hold-down bar, 106
steel and steel alloys maintenance, 107
base materials, 161-162 materials, 104
DCEN welding, 164-165 test tooling, 107—108
filler materials, 162 types of tools, 102
joint preparation, 162—-164 tool steels, 161
manual welding, 161-166 torch, 22, 58-67
postweld treatment, 165 cables, hoses, connectors, and valves, 62-63

preheating, 164 gas-cooled, 60



gas lens, 61-62
installation, 63—67
maintenance, 63
water-cooled, 61

torch angles and bead placement, 123
tube-to-tube sheet welding system, 56

tube-to-tube weld, 90
tube-to-tube welding system, 55
tubing weld joint, 90
tungsten electrodes
color codes, 68
finish, 67-68
preparation, 68—70
sizes, tapering, and balling, 68
types, 67
tungsten inert gas welding (TIG), 7
turbulence, 22

U

ultrasonic test, 234
undercut, 118, 121
repair, 242

v

variables, 16

variable voltage power supply, 29
visual test, 231-232

volt ampere curve, 28-29

w

“walking the cup”, 198

wash beads, 125

water-cooled torch, 61

weld
grain structures, 97-98
integrity inspections, 238-239

joint, 87
special designs and procedures, 98
test, 220
types, 87-90
weld backing
aluminum, 137
copper, 155
nickel, 180181
stainless steel, 172-173
steel, 164
weld repair
dimensional repairs, 241
estimating cost, 252-253
internal defect repairs, 243-244
postweld inspection, 244-255
preparation, 244
review, 245
surface defect repairs, 242-243
welding techniques, 244
weld schedule, 220-224, 248
welding
positions, 98
procedures, 113, 126-131
aluminum, 144-146
system
automatic, 11
components and accessories, §
manual, 8-10
semiautomatic, 1011
terms and symbols, 91-93
tooling, 126
weldment configurations, 89-90
whiskers, 68—69

Y
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Y-joint, 190
preparation, 191



