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Italic page references indicate material in figures or tables.

AAR. See Association of American
Railroads ;

AASHTO. See American Association of
State Highway and Transportation
Officials

abrasive cut-off wheels, 63

abrasive grinding disk, 125

acetone, 47-48

acetylene

flame temperature, 179

preheat holes, 186

welding processes employing, 8
acetylene cylinders

general precautions, 47-48, 48

storage, 47

addition, 104

adjustable wrenches, 53, 53

Aerospace Industries Association of
America (AIA), 133

AIA. See Aerospace Industries Associa-
tion of America

air carbon arc cutting (CAC-A)

air supply, 261

application, 261-262

back-gouging, 261, 266-267

edge cut, 265-266

electrodes, 259-260, 260

gouging, 259, 262, 262, 265, 266

origin of, 257

overview of, 257

power sources, 260

recommended procedures for

various metals, 258

safety, 263-264

straight cut, 264

washing, 262, 263

weld removal, 267, 267-268
air carbon arc torches

gouging torch, 257

manual, 258-259

airline respirators, 37

air-purifying respirators, 37

AISC. See American Institute of Steel
Construction

alphabet of lines, 79, 79, 80

alternate bend test, 296

American Association of State Highway
and Transportation Officials
(AASHTO), 133

American Bureau of Ships, 76

American Institute of Steel Construction
(AISC), 133

American National Standards Institute
(ANSI), 133

American Petroleum Institute (API), 133,
134

American Railway Engineering and
Maintenance of Way Association
(AREMA), 134

American Society of Mechanical Engi-
neers (ASME), 76, 134

American Water Works Association
(AWWA), 134

American Welding Society (AWS)

codes and, 76

contact information, 134
welder certification, 314
welding defined by, 4

ammonium persulfate, 297

amortization, 174

amps, 56

angle iron, 120, 121

angles, dimensioning, 120, 121

ANSI. See American National Standards
Institute

A-number, 144, 145

API. See American Petroleum
Institute

API Standard 1104, 133

aprons, 44, 45

arc cufting process, 219

See also plasma arc cutting

arc plasma, 219

arc strikes, 283, 283

AREMA. See American Railway Engi-
neering and Maintenance of Way
Association

argon

as an assist gas, 255
plasma arc cutting, 235
plasma arc welding, 218
safety, 40, 41

ASME. See American Society of
Mechanical Engineers

ASME Section IX, 76, 133

asphyxiation, 41

assembly, 120-122

assembly drawings, 78

assembly tools, 122-124

assist gasses, 255, 255

Association of American Railroads
(AAR), 133

atmosphere-supplying respirators, 37

automated operation, 11

automatic operation, 11

automatic welding, operating factor, 164

AWS. See American Welding Society

AWS A3.0 Standard Welding Terms and
Definitions, 8

AWS D1.1, 76, 133, 136, 139

AWS entry-level welder qualification
and certification program, 17-18

AWS Level [, 17

AWS Level 11, 17

AWS Level I11, 17

AWS SENSE, 17, 319-320, 322

AWWA. See American Water Works
Association

back-gouging
air carbon arc, 261, 266-267
described, 75, 75-76
backing, symbols for, 94, 94
band saws, 63
bar clamps, 122, 123
bar codes, 252
bar stock, shapes, 111
base metal, P-numbers, 143, 325
bending force, 70
bevel cuts, 195
beveling
OFC process, 208-209
PAC process, 244-245, 245
bib aprons, 44, 45
bill of materials, 77, 79
blowback, 211
box end wrench, 53
Brinell hardness tester, 309, 309

341
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burns
caused by light, 30-32
first-degree, 29, 29
second-degree, 29-30, 30
third-degree, 30, 31

butt joints, 71
destructive testing, 292-296
weight per foot, 171-172

cables, safety, 315

CAC-A. See air carbon arc cutting

cadmium, 39

cam-lock clamps, 123, 123

capes, 44

carbon dioxide, 40, 41

carbon dioxide extinguishers, 51

carbon electrodes, 259-260, 260

carburizing flame, 191

casting, direct, 2

castle nozzle tip, 230

cavalier drawings, 80, 82

C-clamps, 122, 122, 123, 318

center punch, 108-109, 109

certification, 15-18

certified welders, 314

chalk line, 108, 108, 109, 195

chalk line reel, 109

Charpy test, 298-299

chipping goggles, 33

chisels, 53, 54

chlorinated hydrocarbons, 40

Chrome 6, 39-40

chromium hexavalent (CrVI) com-
pounds, 39-40

circle template, 113

circumferential magnetization, 300, 301

clamps, 122-123, 123

cleats, 125, 125, 318

clothing, protective, 42-45

clustered porosity, 278, 279

coalescence, 4

coated electrodes
deposition efficiency, 156
operating factor, 164

codes

compass, 113
compression force, 70
concrete, cutting, 270
confined spaces, 40, 41
contour marker, 118, 119
conversion charts, 106, 107, 108
copper/tungsten tips, 222
coupling distance, 193, 193
cranes, 63, 64
crater cracks, 284, 284-285, 285
cups, for PAC torches, 222, 223
cut-away view, 82
cut-off machines, 63
cutting flame, 191, 198
cutting gas assist, 255, 255
cutting head, 181
cutting lever, 182, 183
cutting profiles and standards, 317
cutting tables, 204
cutting tips
cleaning, 189, 190
freeing when stuck, 187
gaskets, 187
gas pressures, 184-185
high-speed, 183, 184
identification, 184
leaks, 187, 188
materials made from, 182
preheat holes, 185-187, 186
selection, 196
shapes, 185, 186
sizing, 183-184, 184
special types, 186

tip size and cutting pressure, 185, 197

See also nozzle tips
cutting torches
attachments, 181
combination type, 180-181, 181
equal-pressure torch, 181-182
flame adjustments, 191
guides, 204-205, 205
hand cutting, 192-195
injector torch, 182, 182
lighting, 190-191
machine cutting torch, 182, 183

DCEP electrodes, 260
decimals
converting fractions to, 105
converting to fractions, 105-106
defects, 276-277
delamination, 286, 286
demand respirators, 37
density, of metals, 153
Department of Defense, 134
deposited weld metal
cost per foot, 169-170, 171
cost per pound, 166-169, 174
estimating weight of, 167
deposition efficiency
coated electrodes, 156
described, 154-155, 155
flux cored wires, 156, 160-163
solid wires, 161-162
of solid wires for GMAW, 162, 163,
163
of solid wires for SAW, 162, 162-164
stub loss and, 163
deposition rates
calculating, 153
operating factor and, 164-165, 165
overview of, 155-156
tables, 157-159
destructive testing (DT)
alternate bend test, 296
butt joints, 292-296
etching, 297-298
fatigue tests, 289-290, 290
fillet weld break test, 296-297, 297
free bend test, 295, 295-296, 296
guided bend test, 292-295, 293, 294,
295
impact test, 298, 298-299
nick-break test, 292, 292
shearing strength, 290, 291
tensile tests, 287-288, 288, 289
uses, 287
detail view, 78, 82
dimensions, 84, 84
direct casting, 2
discontinuities

agencies and organizations issuing,
133-134, 277
applications to specific needs, 133

mixing chamber, 181-182, 182
oxyacetylene hand torch, 180, 180
setup, 188-189

defined, 132
differences among, 136, 139
most commonly used, 133
cold lap, 282
color-contrast penetrants, 299

combination cutting torch, 180-181, 181

combination square, 112
combination symbols, 95, 97

See also air carbon arc torches;
plasma arc torches

cylinders

general precautions, 47-48

securing, 46

storage areas, 46, 46-47

with valve protection caps, 47
cylindrical porosity, 278

arc strikes, 283, 283

crater cracks, 284, 284-285, 285

defined, 276

delamination, 286, 286

inadequate joint penetration, 281,
281

inclusions, 279-280, 280

incomplete fusion, 281-283, 282

kinds of, 277

lamellar tears, 286, 287

lamination, 286, 286



overlap, 283, 283
porosity, 277-278, 279
tolerance and, 277
undercut, 283-284, 284
underfill, 285, 285
distortion
controlling, 207, 208
defined, 207
in PAC, 227, 227-228, 228
dogs, 125, 125, 318
double-bevel edge, 71
double bevel joint, 75
double-insulated tools, 56
double-] edge, 71
double J-groove joint, 75
double-U edge, 71
double U-groove joint, 75
double-V edge, 71
double V-groove joint, 75
drag, 195, 195
drag lines, 200
drills, 61
dross, 236
dry chemical extinguishers, 51

E. O. Paton Electric Welding Institute, 7
earmuffs, 35, 36
earplugs, 35, 36
earthquakes, 270
eddy current inspection (ET), 308
edge joint, 71
edge preparation, 71, 71
E7018 electrode, 278
efficiency minus stub loss formula, 163
Egyptians, 2
electrical grounds, 54, 57
electrical resistance, 54
electrical safety
double-insulated tools, 56
electric shock, 54, 56
extension cords, 56-59
external grounding, 56, 57
voltage warnings, 56
electric shock, 54, 56
electrode caddy, 52
electrodes
air carbon arc, 258-260, 260
coated, 156
deposition efficiency (see deposition
efficiency)
deposition rates (see deposition rates)
filler metal specification numbers,
144, 326
F-number, 142 &£ 326
electrode setback. 222 230
electrode tip, for PAC torches, 222

electron beam welding, 91
elongation, 288
emphysema, 39
entry-level welder, 314
equal-pressure torch, 181-182
equipment maintenance, 52
etching, 297-298
exhaust pickups, 41, 41
exothermic gases, 255
expanded metal, 230
expanded sheet, 111
exploded drawings, 78, 121
extension cords, 56-59
external grounding, 56, 57
eye protection

for OFC, 180, 180

overview of, 32-34

plasma arc cutting, 241, 241
eyes, damage from ultraviolet light, 34, 34

fabrication
importance of, 100
safety, 102
shop math, 102-108
in space, 100, 101, 102
face bend, 292, 293
face protection, 32-34
fatigue testing, 289-290, 290
FCAW. See flux cored arc welding
feet, 103
ferrous metals, A-numbers, 145
files, 54, 54
filler materials
deposition efficiency, 154-155, 155
deposition rates, 157-159
function of, 4
types, 4
filler metal
costs, 148
determination of weight, 153
specification numbers, 144, 326
fillet welds
break test, 296-297, 297
cross-sectional area, 152
dimensioning, 88, 88
positions of test plates, 147
weight per foot, 169, 171-172
welding positions, 72, 73
weld volume, 152
filter lenses, 241, 241
finishing, 128-129
finishing cost, 148
fire extinguishers
locating, 50, 50, 51
types, 49-50
using, 51, 51
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fire protection
fire extinguishers, 49-51
fire watch, 49
hot work permits, 48, 49
fire watch, 49
first-degree burns, 29, 29
fitting, 125
fixed costs, 148
fixtures, 124
flange welds, 94, 94-95
flare groove welds, 92, 93
flashburns, 32
flash glasses, 32
flat plate weld, 72, 73
flaws, 276
See also discontinuities
flow rates, of shielding gases, 153-154,
154
flow welding, 3
fluorescent penetrants, 299
flux cored arc welding (FCAW)
operating factor, 164
overview of, 9-10
popularity of, 10
flux cored wires, deposition efficiency,
156, 160-163
flux-to-wire ratio, 154
F-numbers, 142, 144, 326
foam extinguishers, 51
forced ventilation, 40-41, 41
forge welding, 3
fractions
adding and subtracting, 104
converting decimals to, 105-106
converting to decimals, 105
reducing, 104
free bend test, 295, 295-296, 296
full face shields, 32, 33
full leather jackets, 44, 44
full leather sleeves, 45, 45
fume sources, 39-40
fusion welding, 3

gases
assist, 255, 255
plasma arc cutting, 234-235
See also individual gases
gas fittings, leak-checking, 189
gas lasers, 254
gas metal arc welding (GMAW)
deposition efficiency, 155, 162, 163,
163
equipment, 10
operating factor, 164
overview of, 8-9
popularity of, 10
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gas metal arc welding (GMAW)
(continued)
welding illustration, 22
weld metal costs, 170, 172
gas-shielded flux cored wires, 161-162, 162
gas tungsten arc welding (GTAW)
equipment, 9
with helium, 218
overview of, 8
gas welding, 8
gauntlet gloves, 43-44, 44
gloves, 43-44, 44
GMAW. See gas metal arc welding
goggles, 32-34, 33
gouge removal, 282
gouging
air carbon arc, 259, 262, 262, 265, 266
See also U-groove gouging
gouging torches, 257
graphite, 260
grinders, 60, 125, 318
grinding, 128-129
grinding stones, 60, 61, 128
groove welds
angle and cost, 76, 76-77
dimensioning, 91-92, 92, 93
positions of test pipe or tubing, 147
positions of test plates, 147
procedure qualification
requirements, 139
terms, 72
types, 91
using, 74-76
volume, 150-152
welding positions, 72, 73
ground-fault circuit interrupter (GFCI), 58
grounding plugs, 57
GTAW. See gas tungsten arc welding
guided bend test, 292-295, 293, 294, 295
Guide for the Training and Qualification
of Welding Personnel Entry Level
Welder, 322

hand angle grinder, 128
hand cutting

described, 192-195

effect of flame, speed, and pressure

on, 203

hand tools, 53-54
hardness testing, 309, 309
hard slag, 203
hardsurfacing weld, 263
hazardous waste material, 42
heat-affected zone, 228
heating tip, 181
heliarc welding, 218
helium, 218

hexavalent chromium, 39-40
Hex Chrome, 39-40
high-speed cutting tips, 183, 184
hoists, 63, 64
hole cutting

OFC process, 206-207

PAC process, 243, 244
horizontal fixed pipe weld, 74, 74
horizontal plate weld, 72, 73
horizontal rolled pipe weld, 73, 74
hoses, 52
hot work permits, 48, 49
housekeeping, 315-316, 316
hydrachloric acid, 297
hydrogen

flame temperature, 179

plasma arc cutting, 235

impact testing, 298, 298-299
inches, 103

inclined pipe weld, 74, 74
inclusions, 279-280, 280
incomplete fusion, 281-283, 282
infrared light, 30, 32

injector torches, 182, 182
intermittent fillet welds, 88, 88
International Space Station, 100, 102
interpass cold lap, 281

ionized gas, 218-219

isometric drawings, 80, 82

Izod test, 298, 298

J-groove gouging, 266

joint design
base metal, 72
code or standards requirements, 76
cost and, 76-77, 149-150, 150
metal thickness, 74-76
parts of, 71, 71
pipe welding positions, 73-74, 74
plate welding positions, 72, 73
significance of, 70-71
welder skill, 76
welding process, 71-72

joints
dimensions, 71
prequalified, 140-141
purpose, 71
symbols for weld location, 85-86, 87
types, 71, 71, 75
See also butt joints

joules, 227

kerf

layout, 116-118, 119

plasma arc cutting, 231-233, 233
kindling point/temperature, 178, 198

labor costs, 148, 150, 150, 165-166, 167
ladders
inspection, 65
materials used in, 65
rules for use, 65, 66
safety, 64-65
types, 64-65
lamellar tears, 286, 287
lamination, 286, 286
lap joint, 71
laser beam cutting (LBC), 253, 254-256
laser beam drilling (LBD), 253, 256
laser beam welding (LBW), 253
laser equipment, 252
lasers
applications, 252-253
creating a beam, 251
physical properties, 250-251
priming, 251
types, 253, 253-254
layout
circles, arc, and curves, 110, 112, 113
factors affecting, 110
kerf space, 116-118, 119
material shapes, 110, 111
nesting, 113-116
for OFC, 195-196
overview, 108-110
performance testing, 315
square, rectangular, and triangular
parts, 110, 112
as a vocation, 13
leak checking, 308
leather jackets, 44, 44
leather pants, 45
leggings, 45
lens shade densities, 241, 241
Leonardo da Vinci, 77
lifting, 63, 63
light, burns caused by, 30-32
linear porosity, 278, 279
linear slag inclusions, 279
line burner, 182
lines /
laying out (see layout)
in mechanical drawings, 79, 79, 80
locking pliers, 123, 123
longitudinal magnetization, 300, 301
longitudinal shearing strength, 290, 291
lung cancer, 39

machine cutting
effect of flame, speed, and pressure
on, 200-203
PAC, 236-237, 237, 238
machine cutting torches, 182, 183
machine operation, 11



magnetic particle inspection (MT), 300,
301
maintenance, 52
manual operation, 11
MAPP
flame temperature, 179
preheat holes, 186
material cost, 148
See also weld costs; weld metal costs
material safety data sheets (MSDSs), 42
material shapes
layout and, 110
types and dimensions, 111, 119-120
math
adding and subtracting, 104
conversion charts, 106, 107, 108
converting decimals to fractions,
105-106
converting fractions to decimals, 105
measuring, 102, 103
reducing fractions, 104
rounding numbers, 105
tolerances, 103-104, 104
measuring, 102, 103
mechanical drawing
dimensioning, 84, 84
lines, 79, 79, 80
overview, 77
projection, 80
rotating views, 77
special views, 82-83
types, 80, 81, 82
mechanical testing (DT), 276
See also destructive testing
metal-cutting machines, 61-63
metal fume fever, 39
metal plate
beveling, 208-209
dimensioning, 119
OFC cutting, 192-195, 203-204,
205-206
welding positions, 72, 73
metals, density, 153
metal scribes, 108
metric conversions, 22, 106, 107, 108
metric units, 22-23
Mexico City, 270
MIL, 134
mixing chamber, 181-182, 182
monochromatic light, 250, 250-251
MPS gases, preheat holes, 186, 186-187
MSDSs. See material safety data sheets

natural gas
flame temperature, 179
preheat holes, 186
natural ventilation, 40

Nd-YAG laser, 253, 253, 254
neodymium-doped yttrium aluminum
garnet laser, 253, 253, 254
nesting
defined, 110
layout, 113-116
neutral flame, 191
nick-break test, 292, 292
nitric acid, 298
nitrogen
as an assist gas, 255
in PAC, 228
plasma arc cutting, 235
nondestructive testing (NDT)
eddy current inspection, 308
hardness tests, 309, 309
leak checking, 308
magnetic particle inspection, 300, 301
penetrant inspection, 299, 300
radiographic inspection, 301-302,
302, 303-307
symbols for, 94, 94-95, 95, 96, 97
ultrasonic inspection, 302, 307, 308,
308
uses, 276
visual inspection, 299
nonmetallic inclusions, 280, 280
nozzle insulators, 222
nozzles, 222, 223
nozzle tips, 222-223, 223
numerical-control oxygen cutting
machine, 14

OAW. See oxyacetylene welding
OFC. See oxyfuel gas cutting
OFW. See oxyfuel gas welding
Ohm's law, 226
operating factor, 164, 164-165
orifice, 189
orthographic drawing, 80, 121
outside corner joint, 71
overhead costs, 148, 165-166, 167
overhead plate weld, 72, 73
overhead straight cuts, 209
overlap
described, 283, 283
performance testing, 320
overwelding, 149
oxidizing flame, 191
oxyacetylene, 179
oxyacetylene hand torch, 180, 180
oxyacetylene welding (OAW), 8
oxyfuel gas cutting (OFC)
acetylene in, 8
chemistry of cutting, 197-200
correct and poor cuts, 201
cutting applications, 209-211
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cutting speed, 200
cutting tables, 204
cutting tips, 182-187
cutting tip selection, 196
cutting torches, 180-182
defined, 178
distortion, 207-209
eye protection, 180, 180
fuel gases, 178-179, 179
gas pressure, 196-197
hand cutting, 192-195
layout, 195-196
metals cut using, 179-180
physics of a cut, 200-203
pipe cutting, 213-215
plate cutting, 192-195, 203-204,
205-206
profile of cut plates, 202
torch guides, 204-205, 205
torch lighting, 190-191
torch setup, 188-189
uses of, 179
washing, 212, 212
oxyfuel gas welding (OFW), 8
oxyfuel (OF) gas processes, 8
oxygen, as an assist gas, 255
oxygen cutting machine, 14
oxygen lance cutting
application, 270
equipment, 269
overview of, 268-269
safety, 270
oxygen lance rods, 268
ozone, 40

PAC. See plasma arc cutting
paints, 39
part dimension, 116
penetrant inspection, 299, 300
performance tests
cutting out parts, 316, 317
fit and assembly of parts, 316-317, 318
housekeeping, 315-316, 316
introduction to, 314-315
layout, 315
safety, 315
weld inspection, 319-320
workmanship standards, 319, 320,
321, 322
perspective drawing, 80
phosgene, 40
pictorial drawing, 78, 80, 82, 121
pipe
dimensioning, 119-120
OFC cutting, 213, 213-215
shapes, 111
welding positions, 73-74, 74
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pipe clamps, 122, 124
pipe gap adjustment tool, 124
piping porosity, 278, 279
plasma, 218-219
plasma arc, 219
plasma arc cutting (PAC)
arc plasma, 219
beveling a plate, 244-245, 245
circuitry, 231
controlling pressure, 235
control wire, 225
cutting factors affected by gases,
234-235
cutting machine, 219
cutting speed, 228-229
distortion, 227-228
flat cutting holes, 243, 244
gases, 234-235
gas hoses, 224
gouging, 238-240, 240, 245, 245
heat input, 227
kerf, 231-233
machine cutting, 236-237, 237, 238
manual cutting, 238
metals cut using, 229
origin of, 218
plasma, 218-219
plasma gas swirling, 232, 232
plate cutting, 242-243
power cables, 224
power requirements, 225-227
safety, 240-241
stack cutting, 236
standoff distance, 229-230
starting methods, 230
terminology, 230
torches, 219-223
typical setup, 224
water injection, 232, 233
water tables, 221, 237, 239
water tubing, 225
plasma arc torches
body, 220
castle nozzle tip, 230
common parts, 221-223
cutting parameters, 227
hand-held, 221
head, 220
power switch, 221
replaceable parts, 222
replacement part kit, 223
plate. See metal plate
plenum chamber, 230
pliers, locking jaw, 123, 123
plug welds, 89, 98
P-numbers, 143, 325

porosity
overview of, 277-278, 279
performance testing, 320
portable electric tools, 59-61
positive-pressure respirators, 38
power costs, 166
powered air-purifying respirators
(PAPRs), 38
power punches, 62
power shears, 62
power tools, 59-61
PQR. See procedure qualification record
preheat flame, 185, 200
preheat holes, 185-187, 186
preheating, 200
procedure qualification record (PQR)
contents of, 135
example form, 138
positions for groove welds, 139
practice exercise, 144-147
process cost, 148
projection drawings, 80
propane
flame temperature, 179
preheat holes, 186
safety and, 41
propylene, 179
pulsed lasers beams, 254
pulse-echo system, 302, 308
punches
safety, 53, 54, 62
used in layout, 108-109, 109,
195-196, 196

qualification, 15-18

qualified welders, 314

qualifying test plates, examining, 139
quality control (QC), 276

radiographic inspection (RT), 301-302,
302, 303-307
reamers, 188
refrigerants, 40
regulators, working pressure, 196-197
resistance welding, 3
respirators, 37-38, 38
respiratory safety
fume sources, 39-40
need for, 36
objectives, 35-36
respirators, 37-38
training in, 37
vapor sources, 40
robotic cutters, 237, 238
Rockwell hardness tester, 309, 309
rod welding, 8

root bend, 292, 293
rotated view, 83, 83

SAE. See Society of Automotive
Engineers
safety
air carbon arc cutting, 263-264
checklist, 55
confined spaces, 40, 41
cylinder handling and storage, 46-48
ear protection, 35, 36
electrical (see electrical safety)
equipment maintenance, 52
with fabrication, 102
face and eye protection, 32-34
fire protection, 48-51
hand tools, 53-54
ladders, 64-65
lifting, 63, 63
material safety data sheets, 42
metal-cutting machines, 61-63
performance testing, 315
plasma arc cutting, 240-241
portable electric tools, 59-61
respiratory protection, 35-40
ventilation, 40-41
waster material disposal, 42
work area, 52-53
work clothing, 42-45
safety boots, 43, 43
safety classes, 28
safety glasses, 32-34, 33
SAW. See submerged arc welding
saws, 63
scarfing, 212, 212
scattered inclusions, 279-280
scrap cost, 148
scrap metal, 42
scribes, 108, 195-196
seam welds, 90, 91
second-degree burns, 29-30, 30
section lines, 82, 82
section view, 82, 82
self-contained breathing apparatus
(SCBA), 37
self-shielded flux cored wires, 161,
162-163
semiautomatic operation, 11
semiautomatic submerged arc
welding, 164
SENSE, 17, 319-320, 322
set of drawings, 77, 78
shade lens, 34, 35
shear force, 70
shearing strength, 290, 291
shears, 62, 62



sheet metal
cutting tip, 186
OFC cutting, 206
Sheet Metal Welding Code, 314
sheets, dimensioning, 119
shielded metal arc welding (SMAW)
deposition efficiency, 155
efficiency of coated electrodes, 156
equipment, 9
operating factor, 164
overview of, 8 g
shielding gas, flow rate, 153-154, 154
shop math. See math
side bend, 293
sidewall fusion, lack of, 281
single-bevel edge, 71
single bevel joint, 75
single-] edge, 71
single J-groove joint, 75
single-U edge, 71
single U-groove joint, 75
single-V edge, 71
single V-groove joint, 75
SkillsUSA, 18
slag
described, 203
inclusions and, 279, 280
slitting adaptor, 207
SMAW. See shielded metal arc welding
soapstone, 108, 108, 118, 195, 196
Society of Automotive Engineers (SAE),
134
socket wrench, 53, 53
soft slag, 203
solid state lasers, 254
solid wires
deposition efficiency, 161-162
efficiency for GMAW, 162, 163, 163
efficiency for SAW, 162, 162-164
operating factor, 164
sparks, 197, 198, 210
spats, 45
specifications, 132
spectacles, 33
spot welds, 89, 90
square cuts, 195
square edge, 71
squares, 112
stack curting, 236
standards, 132
See also codes
Standard Symbols for Welding Brazing
and Nondestructive Examination,
85
standard-to-metric conversions, 106,
107, 108

standard welding procedure specifica-
tions, 20
standoff distance, 229-230, 230
star cracks. See crater cracks
steel, kindling temperature, 178
steel rules, 102
steel tape measures, 102, 103
stick welding, 8
straight edge, 118
structural shapes, 111
Structural Welding Code Steel, 136, 139
stub loss, 156, 163
submerged arc welding (SAW)
efficiency of solid wires, 162,
162-164
flux-to-wire ratio, 154
subtraction, 104
supplied-air respirators (SARs), 37
synchronized wave form, 251

tack welders, 11
tack welding
overview of, 126, 127
performance tests, 319, 321
tape measures, 102, 103
TB. See torch brazing
tee joint, 71
templates, 118
tensile force, 70
tensile strength, 288
tensile testing, 287-288, 288, 289
test plates, examining, 139
third-degree burns, 30, 31
Thomson, Elihu, 3
Thoth, 2
tip cleaners, 189, 190
tips. See cutting tips; nozzle tips
title box, 77, 78
toggle clamps, 123, 123
tolerance, 103-104, 104, 110, 277
tool rests, 61, 61
torch brazing (TB), 8
torches. See air carbon arc torches; cut-
ting torches; plasma arc torches
torch welding, 8
torsion force, 70
track torches, 182
transverse shearing strength, 290, 291
tubing
dimensioning, 120
shapes, 111
two-piece cutting tip, 186, 187
Type A fire extinguishers, 50, 50
Type B fire extinguishers, 50, 50
Type C fire extinguishers, 50, 50
Type D fire extinguishers, 50, 50
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U-groove gouging
air carbon arc, 265
PAC process, 244-245, 245
ultrasonic inspection (UT), 302, 307, 308,
308
ultraviolet light
burns and, 30, 31-32
eye damage from, 34, 34
undercut, 283-284, 284
underfill, 285, 285

valve protection caps, 47
vapor sources, 40
variable costs, 148
ventilation, 40-41, 41, 129
venturi, 182

vertical pipe weld, 74, 74
vertical plate weld, 72, 73
vertical straight cuts, 209
visible light, 30, 32

visual inspection (VT), 299
voltage warnings, 56

warning labels, 55
washing
air carbon arc cutting, 262, 263
described, 212, 212
waste material, disposal, 42
water-cooled cutting tip, 186
water injection plasma arc cutting, 232,
233
water jet cutting, 270-272
water shroud, 223
water tables, 221, 237, 239
wedges, 318
weld, defined, 4
weld costs
amortization of equipment costs,
174
approaches to, 147-148
comparing weld metal costs,
170, 172
cost per foot of weld metal, 169-170,
171
cost per pound of deposited weld
metal, 166-169
estimation, 148-152
factors affecting, 132
factors for cost formulas, 165-170
fillet welds, 152
fixed and variable, 148
groove welds, 150-152
joint design and, 149-150, 150
metal costs, 153-165
operating factors, 154
worksheets, 168, 173



348 Index

weld curtains, 31, 31
Welder and Welding Operator Perfor-
mance Qualification Test Record
(WPQR), 16, 322-327, 323
Welder and Welding Operator Qualifi-
cation Test Record (WQR), 323
welder assemblers, 11-12
welder certification, 15-18, 314
welder fitters, 11-12
Welder Performance Qualification Test
Record, 16, 322-327
welder qualification, 15-18
Welder Qualification Procedure, 16
welders' helpers, 11
welders’ shirts, 42-43, 43
welder testing. See performance tests
welding
defined, 4
forms for tracking weldments, 20, 21
history of, 2-4
key practices in, 127-128
selecting a joining process, 10-11
skills development, 322-327
standard procedure specifications, 20
symbols for, 84-87, 85
uses of, 4-7
weld positions (see welding positions)
weld removal, 267, 267-268
welding engineers, 13
welding goggles, 32-34, 33
welding helmets, 33, 34, 35
welding inspectors, 12
welding nozzle, 181
welding occupations
opportunities in, 11-13
training for, 14-15
welding operators, 11
welding positions, 147, 324
pipe, 73-74, 74
plate, 72, 73

welding procedure qualification, 134-136
welding procedure specification (WPS)
defined, 134
example forms, 137, 142
example of prequalified weld joints,
140-141
format, 136
information in, 135
procedure qualification record, 135
qualifying and certifying, 135-136
supplementary information, 136
weld beads and, 319
welder qualification and, 16
writing, 139, 141-144
welding processes, 7-11
welding safety. See safety
welding salespeople, 12
welding schedule, 134
welding shop owners, 12-13
welding shop supervisors, 12
welding symbols
backing, 94, 94
fillet welds, 88, 88
flange welds, 94-95, 94
groove welds, 91-92, 92, 93
indicating weld types, 85, 85
information in, 84, 85
nondestructive testing, 94, 94-95,
95, 96, 97
plug welds, 89, 98
seam welds, 90, 91
significance of arrow location, 86-87
spot welds, 89, 90
standards, 85
weld location, 85-86
welding tips, 181
welding wires
deposition efficiency, 156, 160-163
deposition rates, 155-159
See also specific types

weld inspection, 319-320
weld joint design. See joint design
weld joints. See joints
weld location, symbols for, 85-87, 86
weld metal. See deposited weldsmetal
weld metal costs
coated electrodes, 156
comparing, 170, 172
cost of electrodes, wires, gases and
flux, 153-154
deposition efficiency, 154-155, 155
deposition rates, 153, 155-159
determination of filler weight, 153
efficiency of flux cored wires, 156,
160-163
efficiency of solid wires for GMAW,
163
efficiency of solid wires for SAW,
163-164
operating factor, 164, 164-165
weld volume
fillet welds, 152
groove welds, 150-152
wet saws, 63
wire brushes, 128
work area safety, 52-53
work clothing, 42-45
workmanship standards, 319
wormhole porosity, 278, 279
WPS. See welding procedure
specification

X-ray systems, 301-302, 302, 303-307

YAG laser, 253, 253, 254
yards, 103

zinc, 39



