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A
Abrasion
resistance to, 22.19
Absorption

paraffin, 29.63
Acceleration, 23.28, 26.10, 27.3, 27.42,
27.45
Accessibility, 23.54
Accessories, 25.50-51, 29.15-16
Acetylene, 29.13, 29.15
Actinic effect, 23.62
Adhesion, 29.3, 29.12, 29.17, 29.19
Aerospace industry, 23.4, 27.47, 29.67-68,
29.71, 30.32
Air
compressed, 29.14, 29.27
Air locks, 28.10

Alignment, 24.31, 24.32, 26.9, 26.50,
27.9-10, 27.31, 28.36, 28.45, 30.15
electrode, 26.47
stud, 30.7
Alloys

fusible, 29.23-25, 29.59-60
Group 1, 29.23-24, 29.26, 29.29-30,
29.53
Group 2, 29.23-25, 29.29-30, 29.53-54
Group 3, 29.23-25
in fluxes, 24.20-21, 24.42
loss of, 23.45
nickel, 29.23-24
refractory, 28.29-30
self-fluxing, 29.23
special, 28.27
Alternating current, 22.4, 23.4, 23.6-8,
23.10, 23.14, 23.18, 23.35, 247,
24.12, 24.13, 253, 25.12, 25.17,
25.31, 25.49, 26.5-6, 27.39, 27.33,
28.53 (See also Power sources)
direction change, 25.17, 25.50
high-frequency, safety, 23.62
power sources, 22.9, 22.21-22
steady, 23.33
variations in, 25.33-34, 26.48
Alternators, 25.12
design, 25.12
single-phase, 27.32
Alumina, 29.70-71
Aluminum, 23.6, 23.48, 24.14, 26.42,
26.43, 26.54, 299, 29.51, 29.66,
29.69, 30.27, 30.29
electrodes for, 26.17
filler wire, 23.28
gas shielded-arc welding, 23.16

gas tungsten-arc welding, 23.13, 25.22,
25.49
gases for, 23.47
spot welding, 26.59-63
stud welding, 30.13
thermal conductivity of, 26.18
visual inspection of, 30.16
wires, 23.29-30
Aluminum alloys, 23.6, 23.14, 23.60
26.45,26.54, 27.26, 29.69
age-hardenable, 28.58-59
electrodes, 23.33
gas shielded-arc welding, 23.16
gas tungsten-arc welding, 23.13
gases for, 23.47
spot welding, 26.59-63
Aluminum oxide, 29.8
Ammeters, 23.21, 25.5, 27.17
Anchoring, 29.4, 29.19
Angle
delay, 28.52, 28.57
deviation, 27.34-35
electrode, 24.31-32, 26.29-30
included, 23.54, 27.34
lead, 22.24, 24.32
obtuse, 24.31 .
of displacement, 26.47
of impingement, 29.4
of inclination, 24.30
power factor, 28.50-51
work, 22.24-25
Annealing, 26.17, 26.22, 27.30
Appearance, 22.14, 22.15, 22,20, 22.23,
23.55, 27.5, 27.11, 28.15, 28.38,
29.27, 29.29, 29.47, 29.58-59, 30.25,
30.31
Arc blow, 22.21, 22.24, 23.18, 23.21,
24.7-8, 24.9, 24.13, 24.25, 24.32
avoiding, 22.21
Arc column, 23.28
Arc energy
determining, 23.3
Arc gap, 23.39, 25.17
Arc length, 22.6, 22.7, 22.24, 22.25, 23.6,
23.8-10, 23.21, 23.35-38, 23.49-51,
25.4,25.51-52, 30.15
control of, 22.24, 24.14, 25.45
increase in, 23.49
percussion welding, 27.47
spot welding, 23.55-56
variation, 24.23, 25.25
Arc plasma, 23.21, 23.28
Arc radiation, 23.61-62
Arc shield (See Ferrule)
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Arc starters, 27.30, 27.42, 27.44
nib type, 27.40, 27.48
Arc stream, 22.4, 24.12
Arc stud welding
applications, 30.22-23
designing, 30.4-5
duty cycle, 30.20
energy requirements, 30.10
equipment, 30.3-4, 30.16-17
cost of, 30.3
inspection, 30.14-16
metallurgical aspects, 30.10-14
power sources, 30.20-22
process selection, 30.33
weld cycle, 30.3, 30.11
Arc welding
series, 24.9-10
Arcing, 28.54, 30.24, 30.25
Arcs, 23.2,23.3, 24.2, 29.2,29.30
a-c, 24.13-14, 25.4
characteristics of, 23.42
d-c, 24.13-14
distribution of, 27.40
heat of, 22.3
intensification, 25.53
multiple, 24.9-14
shielding of, 22.4-5
short-circuiting, 23.54
spray-type, 23.29, 23.54
stabilizing, 23.4, 23.6, 23.10, 23.39-40,
23.45, 23.47, 23.49, 23.53, 254,
25.17, 25.33, 25.49, 25.50-51, 25.53,
30.5,30.13
factors affecting, 25.7-8
films, 23.27
starting, 22.3, 22.8, 23.4, 23.8, 23.12-
13, 23.20, 23.38-39, 23.53, 24.3,
24.25, 24.36, 25.49-50, 25.38, 25.53,
26.10, 27.44, 28.75
methods of, 23.23-25, 23.58, 24.15-
16
percussion welding, 27.39
retract, 23.58, 24.14-15
variables, 27.48
wandering, 23.39
Argon, 23.6, 23.8, 23.12, 23.13, 23.15,
23.33, 23.39, 23.40, 23.42-45, 23.50,
23.54, 29.32-33, 29.39
advantages of, 23.12, 23.47
globular transfer in, 23.31
Argon-carbon dioxide, 23.43-46, 23.50,
23.54
Argon-helium, 23.6, 23.13, 23.15, 23.50,
23.54, 23.42-45
advantages of, 23.47
Argon-hydrogen, 23.13
Argon-oxygen, 23.33, 23.40, 23.43-46,

23.47, 23.50, 23.54
Armatures, 25.23, 25.39
Arms
welding machine (See Horns)
Army, Navy & Maritime Commission,
30.23
ASME
Boiler & Pressure Vessel Code, 30.22
ASTM
specifications, 22.12, 23.16-17
Aspiration, 23.19, 23.53
Atomization, 29.3, 29.4, 29.14, 29.18-19,
29.41-43, 29.45
Austenite, 28.59, 30.12
Autotransformers, 28.68
Auxiliaries (See Controls)
AWS
specifications, 22.12, 23.10, 23.16-17,
24.2, 24.19-22, 24.32, 28.35, 294,
29.10, 29.18, 29.51

B

Backup, 23.21, 23.27, 24.14, 24.32, 27.10,
27.19, 27.22, 30.13
copper, 24.37
flux, 24.37-38
mandrel, 27.36
methods of, 24.34-38
steel, 24.33
weld metal, 24.33-35
Baking, 29.78
Ballast, 25.44
Bars
flash welding, 27.21
upset butt welding, 27.28
Base metals, 22.19, 22.21
coating, 29.23-30
dilution, 24.42
gas metal arc-welding, 23.60-61
gas tungsten-arc welding, 23.26-27
porous, 29.8
submerged arc welding, 24.4
Battery units, 30.21
Bead shape, 22.15, 22.16, 22.23, 22.24,
24.5, 24.13, 24.14, 24.26, 24.32,
24.39
“hat,” 24.24-25
uneven, 24.25
Bead size, 24.38-39
Bead welding, 29.4
Bend test, 30.16, 30.30-31
Bending, 27.12
Beryllium
fumes, 23.62
Beveling, 27.9
Blasting, 26.22, 29.2, 29.4, 29.7




equipment, 29.11 29.26
grit, 29.11-13, 29.26-27
Blow out, 23.39, 27.5, 27.7, 27.31
Bond electrodes, 29.4
Bonding, 29.37, 29.46
electric, 29.4, 29.6-9, 29.12
fluxes, 24.20
mechanical, 29.3, 29.19
molybdenum spray, 29.6, 29.8-9
oxide-to-oxide, 29.3
Booms, 23.60
Boosters, 28.11
Borax
solution of, 26.35
Boron trioxide, 29.4
Brass, 26.43, 27.26, 29.70, 30.27, 30.29
Brazing, 26.55, 29.67
Bridges
copper, 27.9
Bridging, 22.21, 27.4, 27.9 (See also
Shorting)
Bronze, 29.9, 29.66, 29.70
gas shielded-arc welding of, 23.17
Brushing, wire, 29.66
Build-up, 24.31, 25.21, 29.12, 29.32
Burnback, 23.36
Burning, 24.33, 26.10, 27.17, 27.35-36
control of, 26.29
Burn-off, 22.24, 27.40, 27.47, 23.30,
23.58, 29.47-48, 30.9
Burn-through, 24.22, 24.34, 30.12-14,
30.5, 30.28
Bus system, 28.84-85
Butt welds, 22.23

C

Cables, 22.2-3, 22.10, 22.11, 24.9, 28.11,
28.13,30.4
length, 30.21
selection of, 25.11
severing, 28.45
size, 22.11, 28.86, 30.21
Cadmiom, 29.14, 29.17-18, 29.64, 29.69
fumes, 23.62
Cam, 27.12-13, 28.7
flashing, 28.47
speed, 27.4
Capacitor discharge stud welding, 30.24-
33
advantages, 30.25-27
applications, 30.32-33
drawn arc, 30.26, 30.29
electrical characteristics, 30.24-25
energy requirements, 30.28
equipment, 30.26-27, 30.31-32
injtial gap, 30.26
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metallurgical aspects, 30.28-30
principles, 30.24-25
process selection, 30.33
power sources, 30.32
quality control, 30.30
studs, 30.26-27
welding guns, 30.26-27
Capacitor discharge welding, 27.40
Capacitor discharge percussion welding,
27.44-46
Capacitors, 25.19, 26.6, 27.42, 28.74,
28.75, 30.28, 30.31
portable, 27.44-45
series-connected, 23.8, 28.68-69
shunt, 28.69
storage, 25.53
Caps
air, 29.16, 29.20
Carbide precipitation, 22.19-20
Carbon dioxide, 23.41, 23.43-46, 23.49,
23.50, 23.54,29.4
advantages, 23.46-47
cost, 23.41
disadvantages of, 23.45-46
globular transfer in, 23.31-32
Carbon monoxide, 23.56
Carbon tetrachloride, 23.62
Carriages, 23.26, 23.59
Casting, 28.27
Cavitation, 26.49
Cellulose, 22.14-15
Center punch, 30.6
Ceramics, 29.21-22
deposition, 29.2
finishing, 29.54-57
melting ranges, 29.3, 29.21
reactive, 29.4
Characteristics
arc, of gases, 23.42
dynamic, 25.7-8, 25.27, 25.33
electrical, 25.18-20, 25.32-33, 25.24-
27,25.37,25.42
electrode feed, 23.36, 23.38
magnetic, 25.16
metal transfer, 23.43
power source, 23.38, 25.8
static, 25.7-8, 25.24, 25.27, 25.43
transient-voltage recovery, 25.17
volt-ampere, 23.35-37, 23.51-53, 25.3,
25.6-9, 25.27
Chilling, 24.34, 27.5 (See also Backup)
Chipping, 22.26, 23.54, 29.47
Chubb, L. W, 27.38
Circuits
d-c, 25.42
electrical, 26.2
generator, 25.26, 25.30
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leveling, 28.77
magnetic, 25.52
multiple-operator power sources, 25.44
primary, 28.2
rectifier, 25.34-35
resistance welding, 28.2
secondary, 25.6, 26.11-12, 28.2, 28.68
shielded metal-arc welding, 22.2-3
welding current, 24.8-9
Cladding, 24.9
removal of, 26.21
Clamping, 24.8, 26.31, 27.10-11, 27.42
force, 26.8, 27.17-18
mechanisms, 28.48-49
Clamps, 22.2-3, 22.10, 30.4
annealing, 27.30
Cleaning, 22.16, 23.3-4, 23.12, 23.14,
23.48, 23.53-54, 23.56, 26.20-22,
29.7, 29.11-12, 29.37 (See also Ox-
ide films, removal of)
Clearance
electrode, 26.49
Clevis, 26.40
Clothing
protective, 22.10-11, 23.61-62, 29.18,
29.40
Clogging, 23.32
Coalescence, 22.2, 23.2, 23.47, 242,
26.2-3, 27.2, 27.24, 27.38, 30.2
Coatings, 26.46 (See also Stock, coated)
electrode, 23.33, 23.35, 23.48 (See also
Coverings)
Coatings (sprayed), 29.2
applications, 29.64-71
appearance, 29.58
bond strengths, 29.68-71
characteristics, 29.4
determining density, 29.62-63
fused, 29.53-54
fused metallized, 29.23
fusible alloy, 29.59-60
insulation, 29.67
metallized, 29.52-58
microstructure, 29.58-60
post treatment, 29.48-49, 29.51-2
preparation for, 29.13
properties, 29.58-64
refractory, 29.66
rod, purpose of, 29.22-23
selection of materials, 29.21-25
structure, 29.3, 29.17, 29.22
tests, 29.61
thickness, 29.13, 29.16
Cobalt
alloys, 29.23-25
Cohesion, 29.3, 29.62
Coils, 25.12-13

control, 25.16
“Cold laps,” 23.53, 23.55, 23.56
Collapse, 26.39, 26.41, 26.43
Collaring, 29.5, 29.11
Collets, 23.11, 23.14, 23.22
Columbium, 29.61, 29.70
Conductivity, 26.14, 26.18
electrical, 26.25, 28.27
of gases, 29.31
parallel, 26.10
power supply, 28.82
thermal, 23.42-43, 26.19, 26.25, 26.54-
55, 28.27
Configurations, 29.7
Connections, 25.52
closed delta, 24.13, 25.33, 25.46-47
open delta, 24.8, 24.13, 25.33
Scott, 24.8, 24.13, 25.33, 25.46-47
series, 24.41
Vee, 25.33
Wrye, 25.33
Contact
current, 23.37-38
electrode-to-jaw, 22.9

relay, 28.52
Contactors, 24.16, 25.42-43, 25.45, 28.49-

50, 29.33
electronic, 27.13, 28.45, 28.49-50,

28.52-57

ignitron, 28.50-54, 28.57, 28.60, 28.63,
28.70, 28.78
magnetic, 27.13, 27.26, 27.31, 28.45,
28.49, 28.54-55, 28.61, 28.63, 28.67
classification of, 28.55
primary, 25.20, 28.11
thyratron, 28.50-54, 28.60
tube-firing, 28.52
Contaminauon, 23.41, 23.48, 23.61, 24.5,
29.12
Contour
bead, 23.47
Controls, 28.3 (See also Weld timers)
adaptive, 26.52-53
arc length, 24.14
arc voltage, 24.14, 25.54
auxiliary, 28.50, 28.56-64
bench welding machine, 28.60
combination (NEMA), 28.66-67
current, 2527, 25.33-35, 25.43-44,
28.59, 28.79, 30.31
drag, 29.41-43
electrical, 25.33-34, 28.11, 28.45-46
electrode voltage, 28.61-63
electronic, 25.51
flash welding, 27.13, 28.49-56, 28.63
forge delay, 28.49, 28.64, 28,66
gas, 23.25




gas metal-arc spot welding, 23.58-59
gas tungsten-arc welding, 23.21-26
generators, 25.39
load distribution, 28.60-61
mechanical, 25.33-34
module, 25.44
NEMA, 26.4-5, 28.63-65
phase-shift (See Heat control)
programmed, 23.19, 23.21
quench and temper, 28.59, 28.64, 28 66
reactor, 25.16, 25.21, 25.33-34
remote, 25.27-28, 25.35, 25.54
resistor, 25.33-35
rheostat, 25.38
semiautomatic, 23.58
sequencing, 23.23, 26.45-46
series, 25.27
shunt, 25.13-15, 25.27, 25.33-34
slope, 25.7, 26.4-7, 27.58-59, 28.58-59,
28.64, 28.66
solid state, 25.39
- stud welding, 30.18-19
submerged arc welding, 25.45-46
synchronous precision, 26.54, 28.56
transformer, 25.20-21
upset butt welding, 27.26, 28.49-56
volt-ampere characteristics, 25.8-9
wire, 29.41
Cooling, 24.35, 27.11, 28.25-26, 28.37-38,
28.65,29.36
external, 26.35
flood, 26.20, 26.35, 26.44, 29.54
immersion, 26.35
mist, 26.35
rate of, 22.24, 23.21
water, 23.25
Copper, 23.12, 23.61, 26.19, 26.43, 26.54-
55,27.26,29.69
backup, 24.35
fumes, 23.62, 24.17
gas shielded-arc welding of, 23.16
gas tungsten-arc welding of, 23.13
gases for, 23.47
Copper alloys, 23.12, 23.61, 26.17, 26.34,
26.45, 26.54, 29.8
electrodes, 26.49
gas shielded-arc welding of, 23.16
gas tungsten-arc welding of, 23.13
gases for, 23.47
Corrosion resistance, 22.19, 23.45, 26.17,
26.46, 27.12, 29.16-17, 29.49, 29.64-
66, 29.64
Cost, 22.17, 22.20, 22.24, 23.8, 23.10,
23.12, 23.27, 23.54, 24.13, 24.32,
252, 25.51, 26.21-22, 26.30, 26.35,
26.49, 27.47-48, 28.2-3, 28.8, 28.12,
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28.34, 28.35, 28.79, 29.47, 29.56,
30.3
Counterbores
dimension of, 30.9-10
Countersinks
dimensions of, 30.9-10
Coverings
electrode, 22.2-4
function of, 22.3
Cracking, 22.17, 22.18-20, 23.54, 23.58,
23.61, 24.31, 26.20, 26.47, 27.6,
277, 27.12, 2838, 2859, 29.17,
29.23, 29.26, 29.52, 26.29
Craters, 22.15, 22.24, 27.4,27.7, 29.17
Crevices, 30.13
Cross wire welding, 26.37 (See also
Projection welding)
Crowning, 23.51
Cupping, 27.12
Current density, 23.21, 23.27, 23.33,
2426, 25.51, 269, 26.17, 2641,
27.35, 28.62, 29.31
low, 23.28
variations on, 26.14
Current distributien, 26.14, 26.24, 26.27-
28, 26.36, 26.51
Current flow, 23.18, 25.45, 25.50, 26.6-7,
26.12, 27.28
balanced, 23.8, 25.51
Current paths
parallel, 26.36
Current ranges
gas metal-arc welding, 23.33-34
gas tungsten-arc welding electrodes,
237
submerged arc welding, 24.16
Current surges, 25.43
load circuit, 25.34
short-circuit, 23.39, 25.26
Currents, 22.16, 22.23, 26.2, 26.4-6 (See
also Pulses, Waves)
arc stud welding, 30.10
arc welding, 22.5
-carrying capacity, factors affecting,
23.11 -
conduction of, 26.9
constant, 26.12
conversion, 28.71-73
direction change, 25.38
excitation, 25.23, 25.26
flashing, 27.4, 27.18
force diagrams, 28.70, 28.73, 28.76-78
high-frequency, 23.15
interrupted, 26.29
localization of, 26.35, 27.4
measurement of, 27.18, 28.86-87
output, 25.21, 28.56
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parameters affecting, 22.25, 30.21-22
projection welding, 26.40
pulsing, 23.6, 23.19-20, 23.29, 23.56,
253
gas metal-arc welding, 23.33
peak, 23.34
postheat, 28.49, 28.58
rms, 23.35, 28.57, 28.58
rectified, 23.8, 26.5
seam welding, 26.33
shielded metal-arc welding, 22.21-22
short-circuiting, 23.8, 23.36, 25.13
shunt, 25.15, 26.23, 26.36, 26.51,
28.14
spot welding, 23.55
superimposition, 27.39
-time diagrams, 26.7, 30.10-11,
30.28-29
transient, 28.51-52
transition, 23.30-31, 23.32, 23.34,
23.35,23.49
upsetting, 27.7
upset butt welding, 27.26-28
upset tube welding, 27.33
varying, 22.25, 25.24
welding parameters, 23.39, 24.23-25,
2549, 25.52, 26.3, 28.4, 28.72
zero, 25.17-18, 25.33
Curves
burnoff, 23.30
‘E-I (See Curves, volt-ampere)
volt-ampere, 22.6-7, 23.8-9, 23.36-37,
25.4, 25.7, 25.13, 25.14-16, 25.24-27,
25.27-29, 2530, 25.36-38, 25.40,
25.41-43,25.51-52
Cutting, 22.26, 25.22
Cycle counter, 27.17
Cylinders, 27.39, 27.42, 27.43, 28.6-8,
28.10, 28.13, 28.18, 28.47, 28.75

D

D/t ratio, 27.35
Damming, 23.59, 24.27, 24.38
Decarburization, 29.37
Deflection, 26.11, 26.47, 26.49-50, 28.45
Deformations, 27.7, 28.31, 28.35-36,
29.22
resistance to, 28.27, 28.29, 28.30
torsional, 26.47
Degreasers, 23.62, 29.7, 29.11-12
vapor, 23.4,26.21
Deoxidation, 22.3, 22.4, 23.40, 23.45,
23.48, 23.53, 23.56, 24.20, 28.46,
30.5
efficiency, 29.2, 29.5, 29.28, 29.32,
29.38-39

insufficient, 23.51
rate, 22.4-5, 22.14, 22.18, 22.21, 22.24,
23.18, 23.52, 23.54-55, 24.5-7, 24.26,
24.30, 24.42-43, 29.5, 29.14, 29.19,
29.20, 29.38, 29.46
Design
alternators, 25.12
arc stud welding, 30.4-5
capacitor discharge stud welding,
30.24-27 .
dies, 26.51, 26.86
electrodes, 27.11, 28.26, 28.31-34
flash welding, 27.7-12
generators, 25.16-17, 25.23, 25.27,
25.38-39, 25.41-43
joint, 23.4-5, 23.54
multiple-transformer machines, 28.16
percussion welding, 27.40-43
plasma torches, 29.31-32
projection welding, 26.37, 26.51, 26.84,
26.86
punch and die, 26.86
spot welding, 26.24-25
transformers, 25.33-35
Detonation, 29.3
Detonation gun spraying, 29.48-50
Dew point, 29.33
Diagrams
current-force, 28.70, 28.73, 28.76-78
current-time, 30.11, 30.29
Diamond
grinding wheels, 29.57
paste, 29.54
Die shoes, 27.31, 27.32
Dies, 27.31, 28.15 (See also Electrodes)
care, 28.39-40
contact, 27.7
design, 26.51, 26.86
flash, upset and percussion welding,
28.39-40
locating, 27.7
Diodes
selenium, 25.34
silicon, 25.34, 26.6
Direct current, 22.21, 22.24, 23.4, 23.7,
23.15, 23.53, 24.7, 24.42, 25.3, 25.31,
26.6, 26.29, 26.31, 27.39, 27.41-42
power sources, 22.8, 30.20
pulsed, 23.6, 23.19-20, 23.27, 23.33-34
steady, 23.6, 23.31, 23.33
Displacement, 25.31, 25.47, 26.47
Dissimilar metals
welding, 23.13, 26.35, 26.43-44, 26.55
Dissociation, 29.3
Distance
contact-to-work, 23.37-38, 24.14
spraying, 29.17, 29.33




Distortion, 23.6, 23.47, 24.27, 24.32,
26.17,26.44, 30.5
prevention of, 29.8
Dragging, 22.17, 22.19, 23.57, 24.32
control of, 29.41-43
Drive units, 28.18-24, 28.38
Drop transfer (See Metal transfer)
Dovetailing, 29.5, 29.10-11
Ductility, 23.55, 26.46, 26.53, 27.30, 29.3
Dust, 29.17, 29.47
Duty cycle, 22.9, 25.9-11, 25.19, 25.21,
2539, 2531, 25.36, 25.43, 25.54,
26.11-12, 28.25, 28.54, 28.68, 28.82,
29.35
arc stud welding, 30.20
finding, 25.10

E

Ears
protection of, 29.18, 29.40
Edge
distance, 26.48-49
geometry, 27.34
locating devices, 23.21
preparation, 23.54
Edges, 27.37 (See also Cold lap)
Efficiency
deposition, 29.5, 29.28, 29.32, 29.38-39
electrical, 25.18
joint, 27.12
Elasticity
modulus of, 29.50
Electric arc spraying, 29.40-48
advantages, 29.45-48
appearance, 29.47
cost, 29.47
deposition rates, 29.45-56
equipment, 29.40-43, 29.47
finishing, 29.47
operating principles, 29.43-45
power sources, 29.43-45
safety, 29.47-48
Electrical characteristics, 24.8, 25.18-20,
28.65-79
capacitor  discharge
30.24-25
gas tungsten-arc welding, 23.5-10
resistance welding, 28.3
spot welding machines, 26.11
Electrical shock, 23.62, 25.12
Electrode holders, 22.9-10, 23.14, 28.11,
28.13
gas tungsten-arc welding, 23.22
positioning, 23.4
resistance welding, 28.26-42
Electrodes, 23.2-3, 27.48

stud welding,
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access, 23.54
alignment, 28.36
aluminum-alloy, 23.33
angle, 22.24-25, 23.21, 24.32-33, 26.15
bar, 26.32 '
bond, 29.4
burn-off curves, 23.30
cap-and-shank, 28.34
carbon, 22.12-14, 25.22
classification of, 22.12, 24.18
ATSI, 24.19-20
ASTM, 23.16-17
AWS, 23.16-17, 24.19-20
military, 23.10-17
RWMA, 26.42, 28.26-30
clearance, 26.49
coated, 23.33, 23.35, 23.48
cold-formed, 28.26
cooling of, 26.21, 28.33-34, 28.36-38,
29.31
copper alloy, 26.49
core wire, 22.19
cost, 23.10, 23.45
covered, 22.3-4
cellulose, 22.14-15
lime, 22.17-20
mineral, 22.16-17
titania, 22.15, 22.17
design, 27.11, 28.31-34
diameter, 22.12, 22.20, 23.52, 23.55,
26.25 ’
dressing, 26.27, 26.47, 27.8, 28.35
drives, 26.28
embedding, 26.15, 26.26, 29.8
extension, 23.23, 23.32,
23.56, 24.26, 27.16
extruded, 22.4
face, 28.32, 28.37
feed characteristic, 23.36-38
feeders, 23.57-58
force, 26.3, 27.35
gas metal-arc welding, 23.46-48, 23.52,
23.55
gas shielded-arc welding, 23.16-17
gas tungsten-arc welding, 23.10-11,
25.53
hard surfacing, 22.19, 22.21
iron powder, 22.4, 22.16-17, 22.18,
22.24
{ow-alloy, 22.12-14
low-hydrogen, 22.17-18, 22.21, 24.35
magnesium, 23.33
maintenance, 26.35, 25.50-51, 27.34-35,
28.36-37
manipulation of, 23.55
materials, 26.43, 28.26-30
melt-off, 24.14, 24.16

23.51-52,
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melting rate, 23.34-35, 23.46, 24.26,
25.25, 25.38
motion of, 28.5
mushrooming, 26.14, 28.62
nickel-alloy, 24.19-20, 29.12
nonferrous, 22.21
pickup, 26.20, 26.49
position, 24.32-34, 24.40-41
projection welding, 26.41-42, 28.36-38
rate of wear, 23.13, 26.17, 26.30, 26.34,
26.35, 26.47, 29.32
recessed, 26.42
resistance welding, 26.17-18, 28.26-40
functions of, 26.8-9
selection, 28.30-36
retraction, 26.3, 26.8
rotating circular, 26.2-3, 26.28, 26.32
seam welding, 26.34, 28.37-38
settings, 28.5
shape, 23.11, 26.9, 26.18, 26.25, 26.34,
26.46, 28.18
shielded metal-arc
22.11-20
special, 22.19-20, 28.26
spot welding, 23.55, 26.8-9, 26.17-18,
26.25, 26.28, 28.31
stainless steel, 22.19, 22.21, 23.33
steel, 22.13-14, 22.22, 23.48
stubbing, 23.37
submerged arc welding, 24.25, 24.32-
34
tapered, 23.11, 23.28, 26.49, 26.54
tips, 23.11, 23.21, 25.38, 26.50
tolerances, 28.34
tungsten, 23.11, 29.31
Electrogas welding
equipment, 23.59-60
gas shielding, 23.59
power sources, 25.53-54
Electromagnets, 23.11, 25.17, 27.39,
27.42, 28.54, 28.75, 29.31, 29.43
Electroslag welding, 25.43
power sources, 25.53-54
Embossments, 26.3, 26.10, 26.35, 26.37
Embrittlement, 22.3, 23.27, 23.61, 26.45
26.54-55, 28.59,29.17, 30.12
End-to-end welding, 27.28
Ends
preparation,
27.40-41
Energy
arc, 23.3
arc stud welding, 30.10
capacitor discharge stud welding, 30.28

welding, 22.5,

3

27.9-10, 27.19, 2731,

capacitor stored, 27.39
electrochemically stored, 28.75, 28.79
electromagnetic storage, 27.39, 28.75-
78
electrostatically stored, 28.75-78
flashing, 27.7
fusion, 23.51
inductive storage, 23.34, 27.39 .
input, 23.51, 25.18, 25.25, 25.30, 27.4
no-load, 25.30
output, 25.18, 25.20-21
storage, 27.39, 28.75-79, 30.2, 30.34
Entrapment, 23.39
Epoxies, 29.51
Equipment
arc-stud welding, 30.3-4
auxiliary, 25.20-21, 27.13
blasting, 29.11, 29.26
capacitor  discharge
30.31-32
ceramic rod flame spraying, 29.19-20
detonation gun spraying, 29.48-50
electric arc spraying, 29.40-43
electrogas welding, 23.59-60
flame spraying, 29.28
flash welding, 27.12-13
gas metal-arc welding, 23.4, 23.57-60
gas tungsten arc welding, 23.3, 23.14,
23.19, 25.21
grinding, 29.54-57
inspection, 29.30
multiple-operator, 25.43-44
percussion welding, 27.42-46, 28.74-79
plasma spraying, 29.34-35
resistance welding (See Chapter 28)
semiautomatic welding, 24.29
shielded metal-arc welding,
22.9-11
spot welding, 23.58-59
stud welding, 30.2-3, 30.16-23
submerged arc welding, 24.16-18
upset butt welding, 27.26-28
upset tube welding, 27.32
wire-metallizing, 29.14-15
Etching, 23.48, 29.7
Excitation, 23.16, 25.26-27
shunt-field, 25.39-41
Exfoliation, 29.17
Expansion
coefficient of, 29.23,
29.65
Expulsion, 26.17, 23.53, 26.25, 26.32,
26.49
Extrusion, 26.38, 27.5, 27.23, 27.34-35
Eye-burn, 22.10
protection from, 23.61-62, 24.3, 29.18
29.30-31, 29.40

stud welding,

22.2-3,

29.37, 29.50,

3




F

FCC, 23.24-25
Failure, 26.47, 29.23, 30.7
bond, 29.12
electrode, 23.11
Fatigue, 29.8, 30.10
Faying surfaces, 26.2, 27.40, 27.42
Feedback, 25.52-53- 28.59
Feldspar, 29.13
Ferrule, 30.2, 30.10, 30.14
Filler metals, 22.3
choice of, 23.13-14; 23.16-17
feeding, 23.5
gas tungsten arc welding, 23.13-18
Filler materials
plasma spraying, 29.34
Filler wires
aluminum, 23.28
feeding, 23.25
Fillet welds, 21.13-17,22.23
formation of, 30.9, 30.15
Films
mechanical, chemical, 26.20-21
oxide, 23.6, 29.3, 29.14
Filters, 29.14
Finishing, 29.30
ceramic coatings, 29.54-57
electric arc spraying, 29.47
fused coatings, 29.53-54
improving, 29.54
matte, 29.30, 29.54, 29.58
nonprecision, 29.57
plasma sprayed coatings, 29.57
precision, 29.56-57
sprayed metals, 29.52-58
Firing
simultaneous, 28.84-85
Fitup, 22.13-15, 22.23,
26.33
Fixtures, 23.20-21, 23.49, 24.8, 24.27-29,
26.35-36, 28.25, 28.48-49
artificial, 23.56
backup, 23.27
iron-man, 28.24-25
locating, 30.6, 30.18
projection welding, 26.41-42
Flame spraying
appearance of coatings, 29.29
applications, 29.27-28
ceramic rod, 29.18-23, 29.26-27
equipment, 29.28
finishing, 29.30
safety, 29.30-31
thickness, 29.28
Flange welds, 21.30-31
Flash-through, 24.25

24.32, 24.36,
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Flash welding, 26.3, 28.40, 28.45-50
applications, 27.19-20, 27.23-24
bars, 27.21
controls, 27.13, 28.49-56
cycle, 27.2-3
dies, 28.39-40
electrode design, 27.11
equipment, 27.12-13
loading, 28.82-84
materials, 27.23-24
metallurgical aspects, 27.23-24
recommended practices, 27.13-22
schedules, 27.19-22
variables, 27.13, 27.16-17
Flashing, 24.26, 27.2-4, 27.7, 27.9-10,
27.13, 27.16, 27.19, 27.40, 27.48
control of, 26.29
mechanisms, 28.46-48
Flash
rate of, 27.3-4, 27.17-18
removal of, 27.5, 27.11, 27.47, 28.39
Flicker, 28.80-81
Flint, 29.8
Flux (magnetic), 25.14, 26.18, 30.5
Fluxes, 24.15, 24.18, 24.20-21, 24.26
alloy, 24.42
backup, 24.36
bonded, 24.20
fused, 24.20
recovery, 24.27, 24.42
storage, 24.42
support, 24.36 (See also Damming)
types, 24.26-27
width and depth, 24.26-27
Flow
electron, 23.6
gas, 23.13, 23.42, 23.53-54, 23.58-59,
29.32 )
gas-ion, 23.6
plastic, 27.5
rates of, 29.35
Flowmeters, 23.21, 23.22, 23,25, 23.58-
59, 29.14, 29.32, 29.35
Follow-up, 25.53, 26.10-11, 27.42, 28.8
Forces
clamping, 26.1, 26.20, 27.10, 27.18,
27.42
definitions, 27.17 (See also Appendix)
electrode, 26.3, 26.52
electromagnetic, 23.28, 23.31, 23.32,
29.31
magnetic, 25.13, 25.14, 27.40
platen, 27.18
projection welding, 26.41
spot welding, 26.25
upset, 27.2, 27.4-5, 27.7, 27,9, 27.18
variables, 27.48




10 / Index

welding, 27.39-40, 27.42, 28.4, 28.10,

28.11, 28.13, 28.75, 28.88
calculation of, 27.18, 28.5-7, 28.87
Forging, 26.9, 26.26, 27.5, 28.43-44
Forms
free-standing, 29.52, 29.67

Freezing, 23.36, 23.51, 24.3, 24.14, 24.38,

27.3,27.7,27.38, 27.42
Frequency changers, 26.5
Friction, 27.18
coefficient of, 27.10
Fumes, 24.3, 23.62, 29.17-18, 29.47

Fusion, 22.15, 22.20, 22.22, 22.25 23.35,
23.6, 23.56, 24.4, 26.9, 26.20, 29.3,

30.24
lack of, 23.18-19, 23.53
sprayed deposit, 29.28-30
surface, 26.9
temperature, 27.4, 29.24-25

G

Gages
deflection,28.87
strain, 28.87-88
thickness, 29.16
Galling
prevention of, 29.65, 29.67
Gaps, 23.6, 23.54,24.32
Garnet, 29.8
Gas
backup, 23.15
mixing units, 23.58
mixtures, 23.12, 23.41
pockets, 26.15
production, 23.53
supply, 29.32-33
Gases
arc characteristics of, 23.42
compressed, 23.12
conductivity, 29.31
cooling, 29.36
fuel, 29.13-14, 29.17
inert, 23.11-14, 23.27, 23.41
monatomic, 29.32-33
oxidizing, 23.45
oxy-fuel, 29.29
polyatomic, 23.45, 29.32-33
reactive,
particular gas)

Gas metal-arc welding, 23.2, 23.27-60

appearance, 23.49
applications, 23.48-51
arc voltages, 23.50
auxiliaries, 23.60
base metals, 23.60-61

23.12-13, 23.41 (See also

booms, 23.60

current ranges, 23.33-34
electrodes, 23.46-48, 23.55
equipment, 23.4, 23.56-60
metal transfer, 23.29-31
metallurgical aspects, 23.61
operating principles, 23.27-29
welding position, 23.51
power sources, 23.35-37
process variables, 23.29-48
safety, 23.61-62

shielding gases, 23.41

Gas tungsten arc welding, 23.2, 23.27

a-c transformers, 25.22
applications, 23.14
automatic, 23.5

auxiliaries, 23.23-25

base metals, 23.27, 26.27
controls, 23.21-26

current, 23.14-15

electrode holders, 25.53
electrodes, 23.10-11, 25.53
equipment, 23.3, 23.14, 23.19
filler metals, 23.13-18

joints, 23.5

manual, 23.4-5, 23.12
operating principles, 23.3-5
positions, 23.19-20

power source, 23.14-15, 25.49-53
process variables, 23.5-10
programmed, 23.21

Generators, 22.8

combination, 25.40-41
constant-voltage, 25.36-41
d-c, constant current, 25.23-31
design, 25.23, 25.27, 25.38-39, 25.41
drives, 25.29-32
high-frequency, 25.54
homopolar, 26.6
NEMA ratings (See NEMA)
self-excited, 25.29
types, 25.23
Geometry
edge, 27.34
Gold, 27.26
Governors, 23.25
Gouging, 22.16, 22.26, 25.22
Grains
columnar, 29.59
size, 27.43
structure, 22.3, 26.7
Gravity, 23.51, 24.31, 27.39, 27.42
Grinding, 22.26, 23.54, 26.22, 29.7
diamond, 29.57
dry, 29.52-53
metallized coatings, 29.52-58




wet, 29.53-54
wheels, 29.54-57
Grit
iron, 29.8, 29.11
Grounding, 24.30
Groove welds, 21.25-28
Guns, 23.57, 28.13, 28.16 (See also
Equipment, Pistols)
detonation, 29.48-49
electric arc spraying 29.47
flame spraying, 29.20
metallizing, 29.2, 29.14
plasma spray, 29.35-36

H

Hang-up, 30.15
Hard-surfacing, 23.3, 29.53
Hardening, 26.45, 26.53, 27.12, 26.17
Hardness
Brinell, 29.60-61
coating, 29.60-61
Knoop, 29.60-61
Rockwell, 29.24-25, 29.26, 29.70-71
Vickers, 29.50, 29.60-61, 29.65
Headshields, 22.10
Heat, 24.4, 24.26, 27.31, 29.13 (See also
Energy)
balance, 26.9, 26.18-19,
26.35, 26.38, 27.8-10, 27.41
artificial, 26.26
dissimilar alloys, 26.26
factors affecting, 43.44
control, 23.27, 28.50, 28.52, 28.57-58
(See also Phase-shift)
dissipation, 26.9, 26.19-20 (See also
Heat losses)
generation, 26.2, 26.10, 26.12-19
factors affecting, 26.14
gradients, 26.14-15
input, 22.24, 23.41, 23.45, 23.47, 26.15
insufficient, 27.6
losses, 26.14, 26.16, 27.35-36 (See also
Heat dissipation)
output, 28.56
radiation, 23.49, 29.30
Heat of vaporization, 23.26, 26.10
Heat shrinkage, 26.26-27
Heat sinks, 23.54-55
Heat transfer, 26.16, 26.20
Heat treatment, 26.17, 26.45, 27.6, 28.27,
28.29
Heating
electrical resistance (I*R),23.11, 23.18,
23.52, 26.10, 26.14, 27.28-29, 27.33,
30.3

26.25-27,
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Helium, 23.6, 23.8, 23.13, 23.15, 23.21,
23.42-45, 23.50, 23.54, 29.32-33,
30.14

advantages, 23.47
globular transfer, 23.31

Helmets, 23.61-62, 29.30

Hold time, 26.8, 26.20, 26.28, 28.55-56,
28.60, 28.63

Honing, 29.30

Horizontal position, 22.13, 22.19

Horns, 28.4-5, 28.6-9

Horsepower

ratings, 25.30-31
Hose, 28.11
Hydrogen, 23.12-13, 23.41, 24.13, 29.33

I

Ignitrons (See Contactors)
Immersion
water, 29.63
toluene, 29.63
Impact, 27.12
Impact resistance, 22.19, 30.10
Impedance, 25.46, 25.52, 26.13, 26.33,
27.36-38, 28.11, 28.59, 28.68, 28.77,
28.78, 28.81
secondary, 26.14, 26.16
varying, 25.33-34
Impingement, 29.22
angle of, 29.4
Impregnation
vacuum, 29.51
Inclusion, 23.56, 27.5, 27.7, 27.12
Inconel, 23.17, 23.61, 29.13
annealed, seam welding, 25.82
spot welding, 26.72
Inconel X
seam welding, 26.83
spot welding, 26.73-75
Indentors, 29.61
Inductance, 23.34, 23.46, 25.15, 25.27,
26.68
mutual, 25.9
series, 25.42
variable, 25.8, 25.42
Inertia, 27.18
Inspection
flash welds, 27.12
magnetic particle, 27,12
mechanical, 30.16, 30.31
percussion welding, 27.42-43
submerged arc welding, 24.27
upset butt welding, 27.30
visual, 27.12, 30.14-16, 30.30
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Insulation, 25.11, 27.41, 28.68
Interrupters
synchronous-precision, 26.29
Intersections, 26.3
Tonization, 22.4, 23.3, 24.3, 24.16, 25.7,
25.53, 27.39, 29.31, 29.35, 29.43
Irritants, 23.62
Iron
cast, 22.19, 27.23,29.9
powder electrodes, 22.4, 22.14, 22.16,
22.16-18,22.24
wrought, 26.18

Jarno tapers, 28.32
Jets, 29.15, 29.31-32
Tigging, 26.45
Joints
butt, 24.31
design, 23.54
efficiency, 27.12
gas tungsten-arc welding, 23.5
lap, 26.29-30
preparation, 22.26, 27.26 (See also
particular methods)
properties, 26.49-50
strength, 27.11
symbols (See Chapter 21)
Joule’s law, 27.28

K

Killing (See Deoxidation)
Krypton, 23.11
Kva, 27.37-38
corrective, 25.19
demand, 26.11-12, 28.3, 28.7, 28.58,
28.68, 28.81-82
input, 27.36

L

Lap welding, 24.32
Lapping, 29.56-57
Lead, 23.61, 26.54,29.17-18,29.70
coatings, 29.66
deposition rates, 29.14
fumes, 23.62
Lenses
gas, 23.23
welding, 22.10
Lime
electrode covering, 22.17-20
Load
control of distribution, 28.60-61

ratings, NEMA,
28.83-84
ultimate tensile, 30.8, 30.27
voltage, 25.21, 27.17-18
formula, 25.21

Loading, 25.19

flash welding, 28.84

fluctuating, 28.80

kva, 28.65

misapplied, 26.47

projection welding, 28.84

proofs, 27.12

seam welding, 28.84

shear, 26.46

spot welding, 28.84

transient conditions, 25.25-27
Localization, 26.3, 26.35, 27.4
Locators, 26.9, 26.31, 26.42-43, 26.51
Loop .

square hysteresis, 25.52

25.19, 28.54-55,

M

Machine elements
preparation, 29.10-12, 29.27
Machining, 23.54, 26.35, 27.5, 27.11,
29.53, 30.3 (See also Finishing, and
particular methods)
Magnesium, 23.6, 23.61, 30.14
alloys, gases for, 23.47
electrodes, 23.33
gas tungsten-arc welding, 23.13, 25.22
gases for, 23.47
Magnesium alloys, 23.6, 23.61, 26.45,
26. 54
gas shielded-arc welding, 23.16
gas tungsten-arc welding, 23.13
spot welding, 26.64-68
Magnetic field, 24.12, 25.16,
28.59, 28.87, 29.31
Magnetic force, 27.40
Magnetic force percussion welding, 27.46
Magnetic material, 28.68
Magnetic pinch, 29.31
Magnetism, 25.51
Maintenance
machine element, 29.8
Mandrels, 29.67-68
backup, 27.36
Manganese, 23.48
Marine
uses for sprayed coatings, 29.51
Martensite, 28.59
structure, 29.59
transformation to, 26.45
Masking, 29.27
Masks, 29.18

27.39,




Materials
ceramic, 29.21-22, 29.39
melting ranges, 29.21
coatings, 29.2-3, 29.23
selection of, 29.23-25
density of, 29.39
exothermic, 29.12-13 (See also self-
bonding)
exothermically reactive, 29.8
flash welding, 27.23-24
plasma spray deposition
29.38-39
plasma spray rates for, 29.38
plasma spraying, 29.37-38
self-bonding, 29.12-13
submerged arc welding, 24.18, 24.18-21
upset butt welding, 27.26
Measurements, 28.86-87
Mechanical properties, 22.4, 22.13, 22.15,
22.17, 30.6
Mechanisms
electro-servo, 28.59
timing, 28.56
Melt (See Flux)
Melting, 26.17, 26.49
rate of, 22.21, 25.4
electrodes, 23.34-35, 23.46, 24.26,
25.25,25.38
Meit-off
rate, 22.17, 22.23, 23.28, 24.9, 24.16,
24,14
Mercury, 28.53
Mesh size, 29.38
Metal-gathering, 28.43-44
Metals
bonding, 29.46
composition of, 26.18
dissimilar (See Dissimilar metals)
exothermic, 29.70-71
low-melting, 29.47
melting points, 29.3
nonferrous, 30.13
rare-earth, 23.33
reactive, 23.27 .
refractory, 29.38, 29.66, 29.70-71,
transfer, 22.19.20, 23.27-29, 23.29,
23.36,23.51,23.52,25.8
axially directed, 23.31, 23.49
characteristics, 23.43
drop, 23.50, 23.38, 23.47
globular, 23.31, 23.34, 23.43
non-axially directed, 23.31, 23.32-33
rate of, 23.28
short circuiting, 23.29, 23.34, 23.43,
23.45, 23.47, 23.50
spray-type, 22.21, 23,31, 23.28-29,

efficiency,
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23-43-45
Metallization (See Metallizing)
Metallizing, 29.2
wire, 29.14-18
accessories for, 29.15-16
equipment for, 29.14-15
Metallographic examination, 29.59
Metallographic tests, 27.43
Metallurgy
arc stud welding, 30.10-14
capacitor discharge stud welding,
30.28-30
flash welding, 27.23-24
gas shielded arc welding, 23.61
percussion welding, 27.46-67
projection welding, 26.45-46, 26.53-55
resistance welding, 26.45
seam welding, 26.45-46, 26.63-66
spot welding, 26.18, 26.53-55

Methylacetylene  propadiene, 29.13,
29.19 ,

MIG welding (See Gas metal-arc weld- X
ing)

Microstructure, 26.45
thermal sprayed coatings, 29.58-60
Milling, 29.47
Mixers
gas-ratio, 23.25
individual, 25.44
Molybdenum, 26.55,
29.61, 29.70-71
spray bonding, 29.6, 29.8-9
Monel, 23.61, 29.66, 29.70
annealed, seam welding, 26.80-81
annealed, spot welding, 26.60, 26.71
gas shielded-arc welding, 23.16, 23.17
Morse tapers, 28.32
Moscow Autogenous Metals Institute,
29.40
Motor-generator sets, 22.8-9
Multiple impulse welding
welding), 26.7
Mushrooming, 26.14, 26.17, 26.50, 28.62
(See also Deformation)

ot

29.8, 29.12-13,

(Pulsation

N

NEMA
classification for timers, 28.55-56
classification for welding controls,
26.4-5,28.58, 28.60, 28.63-65
power supply ratings, 25.10-11, 25.12,
25.17-19, 25.21, 25.28-29, 25.36,
25.41, 25.45,25.48
standards, 25.4, 28.50-51
Neon, 23.11
Nickel, 23.61, 26.55, 29.66, 29.69




14 / Index

gas shielded-arc welding, 23.17
gas tungsten-arc welding, 23.13
gases for, 23.47
spot welding, 26.69
Nickel alloys, 23.61, 26.55, 27.26 (See
also Monel, Inconel, Inconel X)
deoxidizers for, 23.48
electrodes, 24.19-20, 29.12
gas shielded arc welding, 23.17
gas tungsten arc welding, 23.13
gases for, 23.47
Nitrogen, 23.12-13, 23.15, 23.41, 23.62,
29.32-33, 29.39, 29.48
pickup, 22.3
Noise, 27.48, 29.40
Normalization, 24.4, 28.50
Notch effect, 27.11, 29.8
Notch toughness, 23.45
Nuts, 26.40, 26.42 (See also Studs)

o

Off-time, 28.55-56, 28.63
seam welding, 26.33
Ordnance, 30.23
Oscillation, 23.18-19, 24.42-43
Oscillators, 23.26, 23.59, 25.51, 29.33-34
high-frequency, 23.4
spark-gap, 23.24
Oscillographs, 27.17, 28.86-87
Out-of-position welding, 22.7,
22.21
Output
drooping voltage, 25.24
rated, 22.9, 25.9-11
Overhead welding, 22.5
Overheating, 23.11, 23.14, 23.21, 26.17,
26.25, 26.47, 26.49, 29.29, 29.36
Overlap, 23.49, 26.30-31, 26.49-50, 28.54,
29.33
preventing, 25.44
Overvoltage, 28.69
Overwelding, 22.20, 24.22
Oxidation, 23.19, 23.41, 27.5, 27.7
reducing, 22.29, 23.45, 30.10
resistance to, 29.23, 29.64-66
Oxide films, 23.56
rare earth, 24.20, 29.70-71
refractory, 23.6
removal, 23.14 - (See also Cleaning)
Oxyacetylene, 29.19, 29.29, 29.37
Oxy-fuel systems, 29.13-14
Oxy-propane, 29.29
Oxygen, 23.33, 23.40-41, 23.43-46, 23.54
cutting, 22.26
pickup, 22.3
safety, 29.17
Ozone, 23.62 v

22.15,

P

Paralleling, 24.9, 25.29, 2544, 2545,
26.36
Particles, 29.3
size of, 29.17
Path
diverter, 25.16
Peening, 26.44-45, 29.26
Penetration, 22.16, 22.21, 22.24, 22.23-24,
23.11, 23.18-19, 23.19-21, 23.33,
23.41, 23.43, 23.49, 23.51, 23.54,
24.12, 24.23, 2425, 24.32, 24.33,
24.41, 26.47, 28.27, 30.28
increasing, 23.21
papillary, 23.28
reduction of, 23.21
shape of, 23.44
Perchlorethylene, 23.62
Percussion welding, 27.38-49
advantages of, 27.47
applications of, 27.46-47
capacitor discharge, 27.40-41
cycle, 27.38
design, 27.40-43
dies, 28.39-40
equipment for, 27.42, 27.43-46, 28.74-
79
inspection and testing, 27.42-43
limitations of, 27.47-48
power supplies, 27.38-39
recommended practices, 27.48
Phase shift, 25.17-18
Phase shift heat control, 27.32, 27.43-44,
28.45, 28.57, 28.59-60, 28.61, 28.62,
28.63, 28.66, 28.68, 28.83
Phenolics, 29.49-52
Phosgene, 23.62
Phosphorus, 23.61
Pickling, 23.48
Pickup, 24.24, 28.25-36, 28.31 (See also
sticking)
electrode, 26.20, 26.49
oxygen, 22.3
nitrogen, 22.3
Pilot arc, 23.4, 30.25
Pinch effect, 29.31
Pipe, 23.6, 23.19, 26.32
Pistol
electric arc spraying, 29.40-41
Pitting, 26.10, 26.16, 26.17, 28.27
Plasma
nature of, 29.30-31
Plasma arc
striking, 29.31, 29.33-35
Plasma arc welding
power sources, 25.54
Plasma spray, 29.30-40




coatings, 29.37-38
applications, 29.68-71
bond strength, 29.64
finishing, 29.57
controlled atmosphere, 29.37
distance, 29.35
equipment, 29.34-35
filler material, 29.34, 29.37-38
operating system, 29.34-40
parameters, 29.39
power supply, 29.33-34
rates of, 29.38
safety, 29.39-40
speed, 29.35-36
substrates, 29.37-38
temperatures, 29.37
torch design, 29.31-32
Plastic flow, 27.5
Plastic range, 26.18
Plasticity, 26.9, 26.15, 27.4, 27.8-9, 29.17
Plastics
deposition of, 29.4
Platens, 27.3, 28.8-9
force, 27.17
motion of, 27.12-13
projection welding machines, 26.51
Plug welding, 23.56-57
symbols for, 21.17-19
Plunge, 30.15, 30.24
control of, 30.17
dampening, 30.14 -
Polarity, 22.9, 22.16, 22.21,
26.23, 27.41, 30.14
reverse, 22.14, 22.18, 23.6, 23.15, 23.43
straight, 23.6, 23.15, 23.43
Porosity, 23.15, 23.39, 2340, 2347,
23.49, 23.53, 24.25, 24.27, 24.35,
26.20, 26.29, 26.47-48, 27.5, 29.22,
29.48, 29.62-63, 30.13
estimating, 29.63
prevention of, 23.53-54
Position, 22.23, 22.24
flat, 24.31-32
gas metal-arc welding, 23.51
three o’clock, 23.56
welding (See particular position)
Postheating, 22.17, 27.3, 27.30, 36.12
(See also normalizing)
Post treatment
sprayed coatings, 29.48-49, 29.51-52

24.9-13,

Potentiometers, 25.35, 25.39, 28.19, 28.77 .

Powder, 29.3, 29.34
injection of, 29.32, 29.36
mesh size, 29.23
primary kva, 26.18-19
primary kw, 25.18-19
secondary kw, 25.18-19
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Power factor, 25.18, 25.30, 26.11, 27.36,
28.3, 28.50-51, 28.57, 28.79
correction, 28.68-69
finding, 28.87
input, 25.18-19
Power requirements
spot, seam and projection welding,
26.11-12
Power sources
a-c, 22.21-22, 22 .4, 22.6, 22.9, 25.29
ac/dc, 22.6, 22.9
arc welding (See Chapter 25)
arc stud welding, 30.20-22
capacitor discharge stud welding, 30.32
characteristics, 23.8-10, 23.38
classification of, 25.2-3
combination, 25.40-41
applications, 25.41
components of, 25.3
constant-current, 22.6, 25.4-25.25
a-c, 25.12-22
applications, 25.31
constant potential, 23.18, 23.25
constant voltage, 22.6, 24.17, 25.4-5,
25.36
cost, 24.13, 25.2, 25.51
d-c, 22.6, 22.8, 22.21, 2551, 25.54,
29.33-34, 30.20
drooping-voltage, 23.8, 23.39, 24.17,
25.24
electrogas welding, 25.53-54
electronically controlled, 25.51
electroslag welding, 25.53-54
electrostatic, 27.38
gas metal-arc welding, 23.35-37
gas tungsten-arc welding, 23.14-15,
23.22, 25.35, 25.49-53
industrial service, 25.19-20, 25.22
limited service, 25.15, 25.17, 25.19,
25.20, 25.22
maintenance, 25.11
manual welding, 22.6
motor-generator, 22.8, 2523, 2941,
29.43-45, 30.4
NEMA-rated, 25.21, 25.28-29, 25.43
percussion welding, 27.38-39
plasma arc welding, 25.35, 25.54-55
plasma spraying, 29.33-34
rectifier
constant-current, 25.31-36
constant-voltage, 25.41-43
resistance welding, 28.80-88
safety, 25.11-12
selection of, 25.11
service classifications, 25.9-12, 25.21-22
solid state, 29.41-46
special (See particular types)
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spot welding, 26.11-12
stored energy, 26.6
stud welding, 25.35, 25.47-48
submerged arc welding, 24.5-8, 25.35,
25.45-47
three-phase, 22.8-9, 26.11, 28.3 (See
also Motor generators)
advantages of, 22.8
transformer, a-c, 25.13
Precipitation, 26.45
carbide, 22.19-20
Preheat, 22.17, 23.19, 26.7, 23.18, 27.3,
27.9, 29.36, 30.12-13
Preheating force, 27.17
Preheating
time of, 27.16
Preparations
for arc sprayed coating, 29.13
for ceramic coatings, 29.13
for ceramic rod spraying, 29.26-27
of edges, 26.22
of joints, 27.26
machine element, 29.10-12, 29.27
plasma sprayed coatings, 29.13
projection welding, 26.39
surface, 26.20-22, 29.7-13
Press welding machines, 28.7-10
construction of, 28.8-9
Pressure, 26.9, 26.16, 26.17, 26.26, 27.2,
27.19, 27.37, 27.38, 30.2, 30.24 (See
also Force, welding)
clamping, 26.27
electrode, 27.35
forging, 26.20, 26.47
measurement of, 28.87
upset, 27.31
vessels, 22.14
welding, 27.28
Prick-punch, 26.38
Primers, 29.51
Production, 30.32
accuracy in, 27.8
increasing, 26.35
‘rate of, 27.23-24, 28.2
welding, 28.27
weld speed, 23.19-20
Projection welding, 26.2, 26.35-44, 26.37,
26.53-55, 28.83-84 (See also Cross
wire welding, Spot welding)
adaptive controls, 26.52-53
applications, 26.37
current, 26.40
design, 26.51, 26.84, 26.86
electrodes, 26.41-42, 28.36-68
fixturing, 26.41-42
force, 26.41

metallurgical aspects of, 26.45-46,

26.53-55
operating principles, 26.9-10
physical effects on materials, 26.44-45
schedules, 26.40-42, 26.84-86
time, 26.41
variables, 26.52
Projection welding machines, 28.9
electrical characteristics, 26.11
mechanical characteristics, 26.10-11
Projection welds
appearance, 26.35, 26.46
quality, 26.50
Projections, 26.3
advantages in using, 26.35
annular, 26.37
formation of, 26.35-57
ring (See Projections, annular)
size and shape, 26.37-40
Propane, 29.14
Properties
for alloys in electrodes, 28.27 (table)
electrical, 27.11
of flash welds, 27.12
metallurgical, 27.46-47
physical, 27.11, 28.27
spot, seam and projection welds, 26.46-
47
thermal sprayed coatings, 29.58-64
Protective devices
electrical, 28.85-86
Prussian blue, 26.51
Pseudo-alloys, 29.47
Puddles
control of, 23.13, 23.47
Pull gage, 27.43
Pull-out, 29.58
Pulse
characteristics, 25.53
form of, 23.34
multiple, 23.21
unidirectional, 26.6
Pulsed arc welding
power sources, 25.54-55
Punch design, 26.86
Punching, 23.56

Q

Quality, 23.21, 23.27, 24.4, 24.42, 26.46-
50, 27.37, 27.41, 27.42-43, 29.17
control of, 29.39, 30.14, 30.30
control, spot welding, 26.51-53
flash welds, 27.6-7
spot welds, 26.25
upset butt welds, 27.30-31
Quench, 28.59
Quench-and-temper, 26.7




rate of, 26.19-20, 26.45
techniques, 26.45

R

Radiation, 26.14, 29.40
Radio
interference, 23.24-25, 25.53
Ratings
circuit breakers, 28.86
current, 27.37-38
electrical, 25.21, 25.42
generators, 25.39
horsepower, 25.30-31
nameplate, 26.12
NEMA, 2528-29, 25.36, 25.41, 25.45,
25.48
output, 26.11-12
power supply transformer, 28.82-84
thermal, 26.11-12
voltage, 27.37-38
Ratio
D/t, 27.36
gas-oxygen, 29.14
turns, 25.5
width to diameter, 26.46
width to plate thickness, 26.34
Rays
infrared, 22.10
ultraviolet, 22.10, 22.14
Reactance, 23.52-53, 23.56, 25.6, 25.18,
25.43,26.11, 26.13, 26.16
variable, 25.8-9
Reactors, 25.6, 25.15, 25.27, 25.35
advantages of, 25.9
Rebound, 27.42
Recrystallization, 26.18
Recommended practices
category)
Rectifiers, 22.9, 25.34, 26.6, 28.53, 28.72,
30.21
a-c, 25.50
advantages of, 29.33
bridge, 25.44
circuits, 25.34-35
d-c, 28.71-73
motor-generator, 29.33
selenium, 29.33
silicon, 28.57, 29.33
three-phase, 22.8
Reducers
voltage, 25.12, 25.21
Regulation
electrode voltage, 28.61-63
gas, 29.15
voltage, 30.21
Regulators

(See specific
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current, 26.52, 28.59
gas, 23.25, 23.58-59
voltage, 28.60
Reinforcement,
24.27,27.11
excessive, 24.22
Repair, 29.66-67
Resistance, 23.8, 24.26, 25.18, 26.2, 26.9,
26.16, 26.18, 27.2, 27.24, 30.24
contact, 26.8, 26.17, 26.20,
27.28-29
disadvantages of, 25.9
electrical, 23.34, 26.14, 26.53, 26.54,
27.33,27.43, 28.61-62
series, 25.38
surface, 26.20
Resistance welding
accessories, 28.56-63
controls, 26.52-53, 28.49-56
cost, 28.12, 28.16
cycle, 28.63, 28.65
electrical characteristics, 28.3, 28.65-79
electrode holders, 28.26-42
electrodes, 26.17-18, 28.26-40
selection of, 26.30-36
equipment (See Chapter 28)
function of electrodes, 26.8-9
heat generation, 26.10
high-frequency, 26.5-6
machines, 26.12
metallurgical aspects, 26.18, 26.45
processes, 26.2
RWMA
electrode classifications, 26.42, 28.26-
31
tapers, 28.32
Resistivity
electrical, 26.18-19
Resistors, 25.44
Retraction
of electrodes, 26.8
Reverse polarity, 30.13
Rheostat, 25.20-21, 25.26, 25.27, 25.35,
25.39, 28.79
Rigidity, 26.11, 27.11
Rings
welding, 27.10-11
Ripple, 25.35, 25.53
Riveting, 28.43
Rods, 29.3, 23.15
filler, 23.5
spraying, 29.22
Roll-resistance spot welding, 26.2, 26.28
operating principles, 26.9-10
“Roll lap,” 23.53
Roll seam welding, 27.33
Rms (See Currents, rms)

23.43, 23.44, 2351,

26.22,



18 / Index

Rotometers (See Flowmeters)
Roughening, 29.37, 26.55
groove and rotary, 29.6-9
Roughness, 23.20, 29.19, 29.58
Rupture
modulus of, 29.50
Rust
protection, 29.69

SAE
classifications
steels, 27.18-19, 29.23-26
Safety, 23.8, 25.17, 26.42, 29.17-18,
30.10
electric arc spraying, 29.47-48
factor of, 30.7, 30.27
flame spraying, 29.30-31
gas metal-arc welding, 23.61-62
plasma spraying, 29.39-40
power sources, 25.11-12
submerged arc welding, 24.3, 24.9
Salvage, 29.66-77
Sampling, 26.53
Sand, 29.8
Sanding, 26.31, 29.7
Scale, 25.53, 26.22
Scavengers, 23.48 (See also Deoxidation)
Schedules
flash welding, 27.19-22
projection welding, 26.40-42, 26.84-86
pulsation welding, 26.76-77
roll-resistance spot welding, 26.28
seam welding, 26.33-37, 26.78-83
spot welding, 26.24-25, 26.56-75
Schoop, M. U, 29.2, 29.40
Scorching, 23.49
Sealer
bituminus aluminum, 29.51
Sealing, 29.49, 29.51
Seam welding, 24.8, 26.2, 26.28-35 (See
also Spot welding)
adaptive controls, 26.52-53
appearance, 26.31, 26.44, 26.46
applications, 26.31, 26.53-55
current, 26.33
effects on materials, 26.44-45
electrodes, 26.34, 28.37-38
force, 26.33
loading, 28.83-84
metallurgical aspects of, 26.45-46,
26.53-55
methods, 26.28-29
operating principles, 26.9-10
parallel, 26.29
process variables, 26.52

quality, 26.44, 26.44-50
schedules, 26.33-37, 26.78-83
speed, 25.30, 26.33
symbols, 21.23-25
time, 26.20, 26.33
types, 26.29-33
width to thickness ratio, 26.34
Selenium, 22.18, 25.34, 25.52
Semiconductors, 25.34
Sensors
thermal, 25.34
Sequencing (See Timing)
Servo-mechanisms, 28.47, 28.59
Shaving, 23.48
Shearing, 22.26, 26.39, 30.27
Sheet metal, 22.23, 28.4
flash welding, 27.10-11
projections, 26.39
separation, 26.49
surface condition, 26.16
Shielding, 23.2, 23.11-14, 27.4-5
function, 23.41-42, 23.53
Shields
face, 23.61-62
Shims, 26.51
Shorting, 24.3, 27.3, 27.9
Shrinkage, 26.44, 29.28, 29.63
Shunting, 25.16, 26.14, 26.23, 26.33,
26.50, 27.10-11, 27.27, 27.37, 28.61,
28.87
capacitors, 28.69
movable, 25.9
tube, 28.78
Shuttles, 28.17-18
Silicon, 23.48, 25.34
Silicones, 29.4, 29.51
Silver, 26.55
Sintering, 29.4, 29.52
Skelp, 27.33 (See also Strip)
Skidding, 26.11, 26.47
Skin effect, 27.36, 29.8
Slag, 22.3, 22.10, 22.15, 22.25, 23.40,
24.3,26.18,27.5
crushed, 29.8
removal of, 22.14, 22.16-17, 22.20,
23.54,24.24
Slippage 27.7, 27.10, 27.31, 28.49
Slope, 23.52-53, 23.56, 25.24-25, 25.27-
29, 25.38,25.42,27.6
changes in, 25.38
formula for, 25.53
Slot welds, 21.20-21
Soldering, 29.67
Solidification, 23.3-4, 26.20
Solvents, 29.7
Spacing, 24.13, 26.50
Spatter, 22.15-16, 23.31, 23.32, 23.46,

s
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23.49, 23.51, 23.53, 23.62, 24.26,
24,32, 25.8, 25.26, 27.23, 30.14
Sparking, 23.4, 23.23, 24.16, 29.33-34
Specifications
Military, 23.16-17
Speeds (See particular category)
Spitting, 26.15-16, 26.29, 26.41
Splashing, 26.40-41
Spot welding, 23.3, 23.13, 23.21, 23.55-
56, 26.2, 26.22-28
adaptive controls, 26.52-53
applications, 26.53-55
arc length, 26.55-56
Spot welds
appearance, 26.46
circuit, 26.5
current, 26.25
cycle, 25.3-4
design, 23.56, 26.24-25
effects on materials, 26.44-45
electrodes, 26.17-18, 26.25
equipment, 23.22, 23.58-59, 26.10-11
force, 26.25
limitations, 26.35
loading, 28.83-84
metallurgical aspects of, 26.18, 26.45-
46, 26.53-55
methods, 26.22-24
operating principles, 26.9-10
power requirements, 23.55, 26.11-12
process variables, 23.55-56, 26.52
programmed, 23.21
quality, 26.25, 26.45-50
symbols, 21.21-23
time, 26.25
Spraying (See also particular process)
applications, 29.4, 29.51
corrosion protection, 29.16
definitions, 29.4-7 (See also Appendix)
distance, 29.17, 29.22
effects on materials, 29.3-4
flame, 29.2, 29.13-18
flat surfaces, 29.16-17
rate of, 29.19
rooms, 29.18
substrates, 29.17
thermal, 29.3-4
Spring-back, 27.16-17
Springs, 27.39, 27.42
Squeeze, 28.60, 28.63
forging, 27.30
time, 26.8, 28.55-56
Stampings, 27.26, 26.37
Steels, 27.23, 27.26, 29.70
air-hardenable, 28.50, 28.54, 30.12
alloys, 22.18, 27.11
austenitic, 26.54
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bond strengths, 29.9
carbon, 26.45, 27.30, 28.15
gas shielded-arc welding, 23.17
gas tungsten arc welding, 23.13
gases for, 23.47
classifications, 27.18-19, 29.23-26
current ranges, gas metal arc welding,
23.34
deposition rates, 29.14
electroplated, 26.55
galvanized, 28.20
heat-treated, 30.12-13
high-carbon, 22.14, 30.12
high-sulfur, 22.14, 22.18
high-tensile, 22.18-19
killed, 23.40
low-alloy, 22.14, 23.61, 26.54, 28.27,
30.12
gas-shielded arc welding, 23.17
gases for, 23.47
low-carbon, 22.18, 26.32, 26.53, 30.6,
30.11-12, 30.27
projection welding, 26.85
pulsation welding, 26.76
seam welding, 26.78-79
spot welding, 26.56-57
medium carbon, 26.57, 30.12
mild, 28.27, 30.29
rimmed, 23.40
SAE, 27.18-19, 29.23-26
stainless, 23.12, 23.21, 23.45, 26.32,
28.15, 29.66, 29.69, 29.70, 30.12,
30.27, 30.29
electrodes for, 26.17
electrodes of, 22.19, 22.21, 23.33
gas shielded-arc welding, 23.17
gas tungsten-arc welding, 23.13
gases for, 23.47
projection welding, 26.85
pulsation welding, 26.77
spot welding, 26.58
thermal conductivity, 26.18
strength, 27.22
Stepping down, 28.81, 28.83
Sticking
electrode, 26.10, 28.27, 28.31
“Stitch effect,” 27.33
Stock
bar, 26.40
Stocks
coated, 26.43, 26.55, 28.20
pickled, 26.22
removal, 29.53-54, 29.56
scaly, 28.27
Strength, 22.3, 22.20, 24.40, 26.25, 26.46-
47,27.11, 27.12, 27.23, 27.43
base metal, 26.53
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bond, 29.8-9, 2946, 29.50, 29.61,
29.64, 29.65
cohesive, 29.62
compressive, 29.3
fatigue, 27.11
fasteners, 30.5
forging, 27.19, 27.22
reduction, 26.49
shear, 23.21, 26.15
tensile, 29.46, 26.49-50, 29.3, 29.61-62
yield, 23.55, 27.36
Stress relief, 22.17, 26.45, 27.6, 29.26
Stressing, 26.46, 27.12
residual, 26.44-45, 27.6
Stringer beads, 23.55
Strips, 26.32
upset butt welding, 27.28
upset tube welding, 27.32-34
Structure, 27.12 (See also Microstruc-
ture)
dendritic, 24.4-5
martensitic, 29.59
sprayed coatings, 29.3, 29.17, 29.22
submerged arc welds, 25.4-5
Stubbing, 23.37
Stud welding (See also Arc stud welding,
Capacitor discharge stud welding)
equipment, 30.2-3, 30.17-19, 30.31
positioning, 30.14-15
power supplies, 25.47-48
Studs, 26.38, 26.40, 29.7, 29.12, 30.56
alignment, 30.7
base size, 30.13
location, 30.6-7, 30.26-27
styles, 30.3, 30.7-10, 30.26-27
uses, 30.3
Submerged arc welding, 23.54
appearance, 24.23, 24.26
applications, 24.21, 24.44
base metals, 24.4
costs, 24.32
current ranges, 24.16
deposition rates, 24.5-7
electrodes, 24.25-26
equipment, 24.16-18
flux, 24.26-27
inspection, 24.27
materials, 24.18-21
operating principles, 24.2-5
power sources, 25.22, 25.45-47
process variables, 24.22-27
quality, 24.42
safety, 24.3, 24.9
surfacing, 24.41-42
techniques, 24.27-42
tvnes. 24.39-42

Substrates, 29.3, 29.17, 28.38, 29.59
preparation, 29.46
Sulfur, 23.61
Superfinishing, 29.54, 29.57
Surfaces
flat, preparation, 29.12-13
spraying, 29.16
Surfacing, 24.42-43
Switches, 25.20, 25.32, 25.42, 28.86
inching, 23.59-60
limit, 28.43, 28.58
on-off, 23.4, 23.22, 23.26
thermostatic, 28.53-54
Symmetry, 26.47

T
TIG welding (See Gas tungsten-arc weld-
ing)
Tables

reciprocating, 29.55
rotary, 29.55
Tabs
run-off, 24.38
Tacking, 26.31
Tantalum, 26.55, 29.3, 29.61, 29.70-71
Tape
punched (See Controls, programmed)
Tapers, 28.32
Taping, 25.32, 27.13, 27.26, 28.84, 28.86
alternatives, 25.5, 25.42
switches, 28.2, 28.13, 28.18, 28.45-
46, 28.58
Temperatures
flame, 29.13
fusion, 26.18, 27.4, 29.24-25
gradients, 27.5-6
rates, 26.10
plasma spraying, 29.37
Templates, 26.51, 30.6-7
Tensile torque relationships,
30.27
Tests, 30.30-31 (See also Sampling)
bend, 27.30, 27.43
bond strength, 29.64
destructive, 27.12, 27.43
dye penetrant, 27.30
electrical resistance, 27.43
flash welds, 27.12
macrographic, 27.12
mechanical, 27.6, 30.16
metallographic, 27.30, 27.43
microhardness, 29.61
peel, 27.43

nercussion welding. 27 47.43

30.7-8,




porosity, 29.63
shear, 27.43
sprayed coatings, 29.61
tensile, 27.6, 27.30, 27.43, 30.30-31
tension shear, 26.53
torque, 20.16, 30.30-31
vibration, 27.43
Thickness, 22.23
gages, 29.16
plate, 30.5, 30.13-14, 30.33
sprayed coatings, 29.28, 29.62-63
Threading
rough, 29.6-7, 29.10
Throat depth, 28.4, 28.6-8, 28.20, 28.68
Thyratrons (See Contractors)
Time (See also Current-time)
arc-spot weld, 23.56
flashing, 27.4, 27.7, 27.22
measuring, 27.17-18
preheating, 27.16
projection welding, 26.41
spot welding, 26.6-8, 26.25
transformation, 26.45
values of, 26.5
Timers, 28.60
functions of, 28.64
mechanisms, 28.7, 28.11, 28.40, 28.50-
52, 28.63, 28.64, 28.66-67, 28.83
28.87
NEMA classifications for, 28.55-56
Timing, 26.52, 28.43
arc stud welding, 30.3
electronic, 28.87
magnetic force percussion welding,
27.44
nonsynchronous, 28.87
stud welding, 30.18-19
synchronous precision, 28.50-51, 28.87
upset butt welding, 27.26
Tin, 29.70
fumes, 29.17
Titania, 22.14-15, 22.17
Titanium, 22.20, 23.48, 23.61
gas tungsten-arc welding, 23.13
Tooling, 30.20-21, 27.10-11, 27.41, 27.43,
30.6
Toroids, 28.87
Toughness, 23.47
Transfer
drop (See Metals, transfer)
Transformer, 26.12, 26.23, 27.42, 27.44,
28.2, 28.11, 28.13, 28.18, 28.45,
28.65, 28.68
a-c, 24.16, 25.46-47, 27.43
air-core, 23.24
booster, 25.42

eomhbination 28 32
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components, 25.5, 25.9
constant-current, 25.33-35
constant-voltage, 25.15
controls, 25.20-21
duty cycle, 25.10-11
grain-oriented core, 28.52
iron-core, 27.39, 28.52
multiphase, 25.32
operating principles, 25.5-7
power distribution, 28.65
ratings 28.65-68, 28.82-84
rectifier, applications, 25.35
saturable diverter path, 25.16
secondaries, 28.15, 28.25
settings, 27.4
single-phase, 22.8, 25.32
turns, 28.65
ratio, 25.5, 28.58
windings, 28.70
Traversing
mechanisms, 23.26
Trichlorethylene, 23.62
Trimming, 27.3, 27.11
Tubes (See Contactors)

- Tungsten, 23.3, 23.6, 26.55, 29.3

electrodes, 23.7, 29.31
striped, 23.7
thoriated, 23.7

Tungsten carbide, 29.3, 29.70-71

U

USASI
standards, 29.17
Undercutting, 22.16, 22.23, 22.25, 23.13,
23.21, 23.41, 23.44, 23.47, 23.49,
23.51, 24.13, 24.24, 24.26, 29.7,
29.10, 30.14
Underwater welding, 26.20
Uniformity, 26.3, 26.35, 29.17, 29.19
Upset butt welding, 28.40-45
applications, 27.24-26, 27.28, 28.43
current, 27.26
cycle, 27.28-30
equipment, 27.26-28
materials, 27.26
problems encountered, 27.31
quality, 27.30-31
testing and inspection, 27.30
Upset tube welding, 27.31-38
current, 27.33
equipment, 27.32
voltage, 27.36-37
Upset welding
advantages, 27.23
applications, 27.23-24
eontrals. 28 49-56
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description, 27.24
dies, 28.39-40
Upsetting, 25.53, 25.51, 27.13, 27.27,
27.30 (See also Force, upsetting)
mechanisms, 28.46-48
total, 27.16
velocity, 27.17-18

v

Vacuums, 29.37
Vaporization, 23.28, 23.53
heat of, 23.26, 26.10, 28.26
Vapors
toxic, 23.62, 27.48
Vectorial addition, 25.7, 25.9, 26.16
Velocity ]
air, 29.18
cross-draft, 23.43
upset, 27.17-18
Ventilation, 24.3, 27.48, 29.17-18, 29.30,
29.47-48
Vinyl, 29.51
Voids, 27.7, 29.58
Volatilization, 29.3
Volt-ampere characteristics (See Char-
acteristics, volt-ampere)
Volt-ampere curves (See Curves, volt-
ampere)
Voltage, 22.5, 23.39-51, 25.3, 24.23-24,
29.20
arc, 22.8, 22.23, 23.12, 23.39-40, 23.50,
25.24, 29.48
changeovers, 25.11
constant, 23.35-37, 26.12
drop, 23.3, 24.17, 24.26, 25.6, 25.9,
25.44, 28.82-85, 28.87, 30.20
function of, 23.49
drooping, 23.35-37, 25.9, 25.37, 30.20
disadvantages, 24.17
excessive, 24.24
finding, 23.36-37
flashing, 27.3-4
high-frequency, 23.8
load, 25.5, 25.52, 27.17-18
measurements, 27.18
no-load, 28.83
open-circuit, 22.7-8, 25.16-18, 25.23-24,
25.32, 25.46, 25.52
rated, formula for, 25.19
recovery, 25.17-18
reducing, 25.5
regulation, 27.22, 28.60, 30.21
rising, 23.35-37
seam welding, 26.33
secondary, 26.11, 26.16, 27.18, 27.22,
28.11

sinusoidal, 28.58

spot welding, 23.55

transformer tap, 26.33

transient, 25.52

upset tube welding, 27.36-37

variable, (See constant-current classi-

fications)

variations in, 22.8, 26.14, 28.48, 28.61

Voltmeter, 25.5, 27.18

W
Wandering
arc, 23.39
Warpage, 24.29, 26.19, 26.35, 26.44,
29.28
Waves

balanced, 23.7, 23.9, 23.14, 25.51
pulsed current, 23.20
rectified, 23.9
unbalanced, 23.7, 23.9, 25.51
voltage, 23.9
Wear
resistance to, 29.65-66, 29.70
Weldability, 22.20, 23.26-27, 26.53-55,
27.23
Weld cycles, 28.63
arc stud welding, 30.3, 30.11
flash welding, 27.2-3
percussion welding, 27.38
resistance welding, 26.4, 28.63, 28.65
spot welding, 26.3-4
synchronizing, 28.41
upset butt welding, 27.28-30
Weld time, 26.3, 28.56, 28.63 (See also
type of welding)
insufficient, 26.16
Welding
a-c, 24.8-9
automatic, 23.5, 23.19, 24.17, 24.30,
254
equipment, 23.22, 23.58
circumferential, 23.19, 24.37-38
cold wire, 23.15-18, 23.25
d-c, 25.5, 23.25, 26.36, 26.41
direct, 26.22-23, 26.32
end-to-end, 27.28
hazards, 22.10, 23.62
heads, 24.42, 25.46, 28.8, 28.18
arc stud welding, 30.19
dished, 26.30
types, 28.7
hot wire, 23.18, 23.25
intermittent, 24.16, 26.29, 26.33
manual, 23.4-5, 23.12-13, 23.22, 25.26
multiple-pass, 23.54
parallel, 26.23-24




programmed, 23.19-20

push-pull, 26.23

semiautomatic, 23.49, 23.51, 23.57-58

series, 26.32

simultaneous, 26.36

speed, 22.4, 22.6, 22.8, 22.14, 22.20,
22.23-24, 23.13, 23.47, 24.24-25,
26.9-10, 26.33, 27.36-38
formulas, 27.34, 27.37

symbols (See Chapter 21); chart, 21.32

techniques, 24.4, 24.27-40 (See also
particular techniques)

tandem, 24.13, 25.46-47

three o’clock, 24.40-41, 28.69

Welding machines (See also Generators,

Power sources)

a-c, 25.16-19, 26.29, 26.64

air-operated, 28.6-7, 28.9-10, 28.40,
28.42, 28.55

automatic, 27.12, 28.46-47

combination, 28.9

design, 28.11, 28.16, 25.16-17

dial table, 28.17

electric resistance, 27.32

flash, 27.12, 28.40, 28.45-50, 28.63

foot-operated, 28.3, 28.5-6

hydraulic, 27.13, 28.10, 28.47, 28.55

manual, 28.40, 28.46

multiple-operation, 28.17-18

multiple-transformer, 28.13-15

over and under, 28.17

percussion, 27.43-46

portable, 26.50, 28.11, 28.24

press-type, 27.43, 28.7-10

projection, 26.10-11, 28.7-10

pulsed arc, 25.54-55

resistance, 26.12, 27.43, 28.65 (See
also, particular resistance processes)

roller spot, 28.18-22

seam, 26.10-11, 26.28, 28.18-22, 28.24

semiautomatic, 27.12
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single-phase, 25.16-17, 26.59, 26.64,
26.69-70, 26.72-73, 26.80, 26.82
spot, 26.10-11, 28.3-19, 28.69
stationary, 26.50
submerged arc, 25.45-46
three-phase, 26.60-61, 26.65-67, 26.71,
26.74, 26.75, 26.81, 26.83
upset butt, 27.26-28, 28.40-45
welding throat, 27.33, 27.36
upslope, 26.41
Wetting, 23.39, 23.44-45, 23.47, 24.24
Windings
primary, 25.5, 28.45, 28.72
secondary, 25.42, 27.39
series, 25.8
Wire, 23.15, 27.24-25, 27.27, 29.3, 29.15
feed, 23.21, 23.35 24.17, 29.43
speed, 23.29-30, 23.35, 25.37-38,
29.15,29.44
mesh, 26.37
Wires (See also Electrodes)
aluminum, 23.29-30
carbon steel, 23.29-30
percussion welding, 27.47
upset butt welding, 27.28
Workpieces (See Substrates)

X

Xenon, 23.11
Z

Zinc, 29.51, 29.64, 29.69-71
deposition rates, 29.14
fumes, 23.62, 29.17

Zinc alloy, 26.54

Zirconijum, 23.10, 23.61

Zirconium alloys, 23.61

Zirconia, 29.70-71

Zone
heat-affected, 26.15
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-A-

abrasion, 46.8

abrasion resistance, 44.3, 44.4,

44.28, 44.46
abrasion resistant surface,
41.64
abrasion soldering, 46.17
accelerating anode, 47.4
accelerating potential, 47.38
accessories, 41.49
acetone, 41.5, 41.10, 41.19
acetylene, 41.5, 41.9, 41.10,
41.11, 41.19, 41.22,
42.10
acetylene cylinders, 41.10
acetylene generators, 41.9,
41.10
acetylides, 41.22
acid cleaning, 46.8
adapter, 42.19
adherent, 49.40
adhesive bonding, 49.1 —
49.45
adhesive types, 49.12
application methods, 49.25
curing temperature, 49.33
definitions, 49.40
fatigue resistance, 49.8
handling devices, 49.39
inspection methods, 49.37
limitations, 49.11
material cost, 49.8
metal preparation, 49.29
precautionary procedures,
49.39

primers, 49.28
production cost, 49.8
protective devices, 49.39
safe practices, 49.38
sandwich construction,
49.23
structural design, 49.16
surface preparation, 49.28
testing procedures, 49.34
types of joints, 49.18
adhesive-coated foils, 49.28
adhesive-pressure sensitive,
49.40
adhesive selection, 49.25
air-acetylene, 41.69
air carbon-arc cutting, 43.4,
43.10, 43.14
air carbon-arc cutting tech-
niques, 43.15
air-drying adhesives, 49.13
air hardening, 44.32
air hardening steels, 44.33,
44.58
alloy powders, 44.7
alloy steels, 47.52
alpha-beta titanium alloys,
50.30
aluminum, 41.12, 41.61,
41.65, 42.15
anaerobic adhesives, 49.13
annealing, 42.14
Applications
air-acetylene welding and
‘heating, 41.69
air carbon-arc cutting, 43.15
electron beam, 47.63
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gas metal-arc cutting, 43.23
high-frequency welding,
45.13
oxyacetylene surfacing,
44.11
oxyacetylene welding, 41.64
oxyacetylene welding and
brazing, 41.67
oxygen arc-cutting, 43.10
oxygen cutting, 42.43
plasma cutting, 43.34
shielded metal-arc cutting,
43.6
surfacing, 44.64-44.69
air-constricting nozzles, 43.30
arc-cutting, 43.3
artillery shell banding, 44.19
ASME Boiler and Pressure
Vessel Code, 42.12,
44.25
atmosphere, 41.13
atomic hydrogen surfacing,
44.20
austenite stabilization, 44.43
austenitic irons, 44.43
austenitic stainless steel, 41.56
austenitic steels, 44.61
automatic arc welding, 44.15
automatic welding, 41.62-63
automatic welding machines,
41.62
axial force, 50.11

-B-

backfire, 41.46

backhand technique, 41.52,
41.53

backstep gouging, 42.50

backstep method, 42.50

backstep sequence, 41.55

bainite, 44.32

barium oxide, 41.13

barrier layer, 44.25

beam current, 47.4, 47.38

beam pulser, 47.28

beam spot size, 47.4

bending or straightening
members, 41.3

beryllium, 47.48

beveling, 42.18

bias cup, 47.28

bias current, 47.30

bias supply, 47.28, 47.30

billets, 42.44

billet centering, 42.56, 42.64

blast furnace gas, 42.11

blowholes, 41.52

blooms, 42.44

bond strength, 49.40

Bratislava Institute, 48.4

braze welding, 41.4, 41.63

brazing, 41.4, 41.11, 41.12,
41.65

British Thermal Units (btu),
41.5

build-up steels, 44.60

bulk oxygen, 41.20

bulk system, 41.20

bulk welding, 44.15

burnback, 41.50

bursting disks, 41.20

butane, 41.4, 41.12, 41.68

-C-

capillary action, 41.4
capillary attraction, 46.11




carbide-forming elements,
44.31

carbide matrix, 44.33

carbide precipitation, 41.56,
44.64

carbide to water, 41.9

carbon, 42.15

carbon-arc cutting, 43.3, 43.5

carbon-graphite electrode,
43.4

carbon and iron pickup, 42.31

carbon migration, 42.38

carbon monoxide, 41.11,
41.57

carburizing, 41.60

carburizing flame, 41.50,
41.51,41.57,42.36

cast iron, 41.60, 42.26

cast steel, 41.58

casting fins, 42.53

catalyst, 49.40

cathode heater supply, 47.28

cavitation erosion, 44.52

cavitation resistance, 44.56

cementite, 44.33

checking, 42.45, 42.61

chemical changes, 42.13

chemical cleaning, 46.8

chemical displacement coat-
ings, 46.9

chemically reactive adhesive,
49.13

chromium, 42.15

chromium irons, 42.26

circular beam deflection, 47.16

circulating current, 45.6

city gas, 41.11, 41.68

classification of surfacing
alloys, 44.30

clearance, 46.11

cleavage strength, 49.40

cleavage stresses, 49.19

Index / 3

climbing-drum method, 49.36

cobalt-base surfacing filler
metal, 44.45

coeflicient of thermal expan-
sion, 41.61

coke oven, 42.11

cold cutting, 42.37, 42.38

cold entry, 49.34

cold shuts, 41.54, 47.57, 47.62

columbium, 47.50

combustion intensity, 41.14,
41.15

combustion ratio, 41.14

commercial vacuum process,
47.7,47.17

complete penetration, 41.54,
41.57

composite tungsten carbide,
44.35

Compressed Gas Association
(CGA), 41.38

cone, 41.32

construction equipment, 44.68

consumable guide, 48.6

contact angle check, 49.30

contact bonding, 49.40

contamination, 44.23

continuous casting, 42.37

continuous high frequency
resistance welding, 45.5

continuous induction welding,
45.5

contour tracker, 47.13

control voltage supply, 47.28

conventional friction welding,
50.11

copper, 41.61, 42.15

copper-base alloys, 44.52

copper shoes, 48.4

core reactor regulator, 45.12

corrosion resistance, 44.5,
44.24, 4451
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corrosion resistant overlays,
44.6

corrosion resistant surface,
41.64

corrugated types, 49.24

counterbones, 41.5

cracks, cracking, 41.60,
42.45, 42.61

creep, 44.46, 49.40

critical temperature, 42.12

cross-carriage machines,
42.41, 42.42

crows-feet, 42.45

cure, 49.40

curing agent, 49.40

current penetration, 45.5,
45.14

cutout speed, 50.11

cutting operation, 41.12, 43.8

cutting speed, 42.19, 42.25

cylindrical or divergent bore
nozzles, 42.7

-D-

decarburization, 42.38
degreasing, 46.8
delamination, 49.40
Department of Transportation
(DOT), 41.67
depth of focus, 47.4
deseaming, 42.45
detonation surfacing, 44.22
diametrical movement, 50.9
diffusion pumping, 47.18
dilution, 44.23, 44.58
dimensional tolerance, 42.15
diode type gun, 47.10, 47.27
dip soldering, 46.13
direct acting regulators, 41.34

discoloration, 42.12

dispensers, 42.30

dissimilar alloys, 44.23

dissimilar materials, 50.16

dissimilar metal combinations,
50.14

distortion, 41.55, 41.60, 42.14

divergent nozzles, 42.24, 42.7

drag, 42.7, 42.24, 42.36

draglines, 42.16, 42.18

droop, 47.29

dross, 43.29

drying temperature, 49.40

ductility, 41.54

duplex coatings, 46.9

-E-

edge preparation, 41.54, 42.17

effects of oxyacetylene weld-
ing, 41.55

elastomeric adhesives, 49.27,
49.11

elastomer-modified phenolics,
49.15

electrodeposition, 46.9

electrolysis, 41.12, 41.13
electromagnetic lens, 47.4,
47.21
electron beam welding
aircraft and aerospace,
47.65
applications, 47.63
automotive, 47.65
beam current, 47.4, 47.29
beam spot size, 47.4
continuous duty rating,
47.29
defects, 47.57




electronics and microelec-
tronics, 47.65
equipment, 47.8
high voltage machines,
47.29
high voltage systems, 47.12
history, 47.6
joint preparation, 47.34
low voltage machines, 47.29
low voltage systems, 47.10
materials welded, 47.45
nuclear power, 47.63
power densities, 47.4
power supplies, 47.27
repair welding, 47.65
safe practices, 47.66
weld quality, 47.56
work-handling equipment,
47.3
electromechanical regulators,
45.12
electron gun, 47.4, 47.7
electronic tracing device,
42.42
electronic regulators, 45.12
electroslag welding, 48.3
assembly, 48.8
preparation, 48.8
welding current, 48.10
welding voltage, 48.10
elongation, 49.41
emulsion, 49.41
entry pressure, 42.36
epoxy-phenolics, 49.11
epoxy-phenolic resin, 49.15
epoxy resin-bases alhesives,
49.14
equal pressure torch, 41.26
equipment
air carbon-arc cutting, 43.14
brazing, 41.66
fin washing, 42.63
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gas metal-arc cutting, 43.20
gas tungsten-arc cutting,
43.26
gas welding, 41.22
gouging, 42.62
oxygen arc-cutting, 43.29
oxygen cutting, 42.38
oxyhydrogen welding, 41.66
plasma-arc cutting, 43.29
pod washing, 42.63
rivet washing, 42.63
scarfing, 42.62
shielded metal-arc cutting,
43.5
washing, 42.62
erosion, 44.28, 44.59
erosion resistance, 44.50
ethane, (C,Hy), 41.12
eutectic alloy, 46.18
expansion coefficients, 44.50
extraction process, 41.13
extender, 49.41
extrusion, 49.41
eyeshields, 41.50

-F-

face runout, 47.19

feather-to-cone ratio, 44.11,
44.47

ferrite, 44.33

filament supply, 47.28

filler, 49.41

film adhesives, 49.27

filters, 41.20

fin, 42.53

fin washing, 42.53

flame adjustment, 41.50

flame annealing, 41.3
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flame cones, 41.32, 41.34
flame cutting, 42.31
flame descaling, 41.3
flame hardening, 41.3, 44.59
flame-holding devices, 41.5
flame propagation, 41.4
flame propagation range, 41.68
flame temperature, 41.4, 41.14
flashbacks, 41.27
flashtrap joints, 50.16
flexibilizers, 49.14
fluxes, 41.48, 46.10
flux cutting, 42.24, 42.27,
42.29
flux injection, 42.24
fluxing, 46.4
flux residue removal, 46.25
flux residue treatment, 46.25
flying start, 42.27, 42.37
flywheel friction welding,
50.4, 50.11
focus, 47.38
forehand technique, 41.52,
41.53, 44.11
Forest Products Laboratory,
49.37
Forest Products Laboratory
test cycles, 49.35
forging, 50.16
forge pressure, 50.3
forging temperatures, 50.16
form factor, 48.10
frictional contact, 50.3
friction lighter, 41.49, 41.50
friction welding, 50.3
applications, 50.33
fatigue strength, 50.30
fixtures, 50.8
heat treatment, 50.22
joint design, 50.14
joint preparation, 50.20
materials welded, 50.30

mechanical properties,
50.26

metallurgical structures,
50.13

tooling, 50.8

variables, 50.4

weld defects, 50.22

weld parameters, 50.11

weld quality, 50.20

weld strength, 50.26

fusible alloys, 46.22

-G-

galling, 44.46

galvanized iron, 41.60

gas borne abrasives, 44.65

gas distribution, 41.18

gas metal-arc auxiliary-wire
method, 44.19

gas metal-arc cutting, 43.4,
43.17,43.19

gas metal-arc surfacing, 44.19

gas metal interrupt-arc
method, 44.19

gas mixers, 41.27

gas pockets, 41.57

gas ratio, 41.14

gas regulators, 41.20, 41.22,
41.34,41.39

gas savers, 41.49

gas systems, 42.42

gas tungsten-arc cutting, 43.4,
43.25

gas tungsten-arc surfacing,
44.18

gas welding, 41.3

gear eccentricity, 47.19

goggles, 41.50

gouging abrasion, 44.28, 44.29




gouging, 42.45, 42.47, 42.50,
42.52,42.57, 43.10

gouging speeds, 42.50

grain growth, 41.57

grain refinement, 41.54

gray cast iron, 44.39

grinding, 44.33

grid current, 47.30

grinding abrasion, 44.28,
44.29

grooving, 42.45, 42.50

grooving technique, 42.50

guard vacuum, 47.19

-H-

hairpin type filament, 47.30

hard carbides, 44.31

hard facing, 44.3, 44.16,
44.19, 44.29

hard facing base metals,
44.30, 44.33

hardening, 41.55, 41.60,
42.13,42.14,49.41

hardness effect, 42.12

hardness gradient, 42.38

head pressures, 42.25

heat-affected zone, 41.63,
42.12

heat-checked, 42.13

heat content, 41.4

heat of combustion, 41.14

heat quality, 41.5

heat resistant alloys, 44.50

heat resistance, 44.5

heating, 41.12, 42.27

heating medium, 41.3

heating operation, 41.12

heating system, 41.63

heating value, 41.15
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heavy buttons, 42.44
heavy cutting, 42.25, 42.32,
42.33,42.34, 42.35
heavy impact, 44.29
high alloy steel, 42.12, 42.24
high-carbon steel, 41.58
high chromium irons, 44.38,
44.40
high chromium-iron filler
metals, 44.38
high frequency bar butt cur-
rent penetration welding,
45.14
high frequency current pene-
tration welding, 45.5
high frequency generator
power controls, 45.12
high frequency tube welding,
45.14
high frequency welding, 45.3
applications, 45.13
contacts, 45.10
control devices, 45.11
impeders, 45.11
induction coils, 45.11
matching devices, 45.9
metallurgical structure,
45.22
power sources, 45.7
high pressure header, 41.42
high quality cutting, 42.7
high speed cutting, 42.7
high stress abrasion, 44.45
high stress crushing, 44.33
high vacuum, 47.3
high vacuum welding, 47.9
highly corrosive flux, 46.10
honeycomb, 49.24
honeycomb core, 49.24
hot cracking, 41.50
hot cutting, 42.14, 42.36,
42.37,42.38
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hot dipping, 46.9

hot ductility, 44.50

hot entry, 49.34

hot erosion, 44.65

hot forging action, 50.22

hot gas soldering, 46.16

hot hardness, 44.36, 44.38

hot melts, 49.27 '

hot scarfing, 42.47

hot shortness, 41.56, 41.61

hot strength, 44.31, 44.50,
44.63

hot wear, 44.51

hydraulic arrestors, 41.20

hydraulic back-pressure
valves, 41.20

hydraulic seals, 41.46

hydrocarbon fuel gases, 41.4,
41.68

hydrogen, 41.11, 41.12

hypereutectic carbide crystals,
44.43

ignition temperature, 42.6,
42.8

immersion coatings, 46.9

impact, 44.29

impact flow, 44.47

impact resistance, 44.4

impact strength, 49.41

impedance matching, 45.9

inadequate joint preparation,
41.57

incomplete fusion, 41.52,
41.54, 41.57

Inconel 600, 47.49

Inconel 718, 47.50

indium solders, 46.23

induction regulator, 45.12

induction soldering, 46.15

induction welding, 45.3, 45.6,
45.7

inertia welding, 50.5

infrared soldering, 46.16

ingot cropping, 42.33

inhibitor, 49.41

injector type torch, 41.26,
41.27, 41.38

inner cone, 41.11, 41.52,
42.48

inner zone, 41.11

interface structures, 50.14

inoculated propane, 41.14

inorganic acids, 46.10

inspection, 41.58

interfacial bond, 49.28

intergranular attack, 44.63

intermediate (moderately
corrosive) fluxes, 46.10

internal stress pattern, 44.22

interpass temperatures, 41.60

inverse regulators, 41.34

iron-aluminum compounds,
50.27

iron oxides, 42.25

iron pickup, 44.53

_J-

J-grooving, 42.51, 42.52
joint clearance, 46.11
joint design, 46.6

-K-

kerf, 42.4, 42.5, 42.6, 42.12,
42.17,42.19, 42.25,
42.26, 42.36




kerf width, 42.6, 42.38

killed steels, 47.52

kilogram calories (kg-cal),
41.5

kindling, 42.8

-L-

laminar flow, 41.32

laminate, 49.41

lance pipe, 42.57

lancing, 42.45, 42.56, 42.57

lead, 41.12, 41.65

leak rate, 47.34

left-hand thread, 41.26

light impact, 44.29

lime, 41.9

lip-type welding, 45.3

liquid adhesives, 49.26

liquid cylinders, 41.22

liquid oxygen, 41.19, 41.20

liquidfied fuel gas, 41.19

liquidus temperature, 46.18

looped conductor, 43.23

low alloy steel, 41.58

low-carbon steel, 41.58

low frequency seam welding,
45.5

low pressure torch, 41.26,
42.38

low stress abrasion, 44.33,
44.59

low stress erosion, 44.38,
44.59

-M-

machine cutting, 42.6

Index / 9

machine equipment, 42.38
magnesium, 41.12, 41.67
magnetic flux welding, 44.22
magnetic tracer, 42.42
maintenance welding, 41.65
malleable iron, 41.60, 41.63
manganese, 42.15
manifolds, 41.19, 41.44
fuel gas manifolds, 41.45
oxygen manifolds, 41.45
pressure, 41.22
manual arc surfacing, 44.13
manual arc welding, 44.13
manual cutting, 42.6
manual equipment, 42.38
manufactured gas, 41.12
maraging steel, 47.52
martensite, 44.32
martensitic alloy steel, 44.56
martensitic iron, 44.39, 44.42
martensitic iron filler metal,
44.40
martensitic steels, 44.56
mass velocity, 42.29
matching devices, 45.9
materials handling, 42.42
matrix of cobalt-base alloys,
4432
matrix of iron-base alloys,
44.31
matrix of nickel-base alloys,
44.32
maximum temperature, 41,60
maximum thickness, 42.25
mechanical cleaning, 46.8
mechanical grooving, 42.65
mechanical scarfing, 42.46,
42.65
mechanized hard facing, 44.13
mechanized plasma-arc
cutting, 43.30
medium pressure torch, 41.26
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medium vacuum, 47.3, 47.17
meltdown, 42.19, 42.38
mercuric oxide, 41.13
Messerschmidt system, 41.12
metal foil honeycomb, 49.24
metallizing, 44.20
metallurgical effects
of air carbon-arc cutting,
43.12
of gas metal-arc cutting,
43.19
of oxyacetylene welding,
41.55
of oxygen-arc cutting, 43.6
of plasma cutting, 43.27
metals requiring fluxes, 41.49
metal-to-metal wear, 44.46,
44.52, 44.59
methane (CH), 41.12
mining equipment, 44.68
missed joints, 47.60
moderate impact, 44.29
molybdenum, 42.15, 47.50
mortise-and-term design,
49.20
motor generator, 45.12
multibevel cutting, 42.20
multilayer welding, 41.54
multiple arc surfacing, 44.15
multiple piece production,
42.43
multiple torch units, 42.19,
42.43

-N-

National Board of Fire
Underwriters, 41.44

National Fire Protection
Association (NFPA),

41.44

natural gas, 41.4, 41.11,
41.12, 41.68, 42.10,
42.11

negative type regulators, 41.34

neutral flame, 41.11, 41.50,
41.51, 41.52, 41.60

nickel, 42.15

nickel alloy materials, 42.31

nickel-base alloys, 44.48,
47.48

nitrile phenolic, 49.27

nitrogenizing effect, 41.57

nodular iron, 41.60

nodularization, 41.60

noncorrosive fluxes, 46.11

nonferrous metals, 41.61

nonvacuum welding, 47.19

nonvacuum welding equip-
ment, 47.8

normal burning velocity,
41.15

normalizing, 41.55, 42.14

nozzle type regulators, 41.34,
41.35, 41.38

-O-

open-arc electrodes, 44.14
open-arc welding, 44.19
open time, 49.31
ordinary cast iron, 44.39
orifice system, 47.19
optical column, 47.19
organic acids, 46.10
oscillator circuit, 45.8
oscillatory motion, 42.26
oscilloscope, 47.15

outer envelope, 41.11




oven soldering, 46.14
overlap, 41.57
overlay, 44.3
oxidation, 41.56, 41.60,
42.25
oxidation-resistant metals,
42.25, 42.26, 42.31
oxides, 41.54, 41.56, 42.26
oxidizing, 41.4, 41.5, 41.57,
41.65, 42.26
oxidizing flame, 41.11, 41.50,
41.51, 41.56, 41.65
oxyacetylene, 41.4
oxyacetylene flame, 41.11
oxyacetylene surfacing, 44.10,
44.11
oxyacetylene welding, 41.50
oxygen, 41.13
oxygen-arc, 42.31
oxygen-arc cutting, 42.27,
43.4,43.6,43.8
oxygen-arc cutting speeds,
43.12
oxygen cutting, 41.11, 41.12,
41.62,42.3,42.8,42.9
oxygen cutting applications
construction, 42.44
emergency work, 42.44
multiple piece production,
42.43
scrapping and salvage,
42.44
shipbuilding, 42.43
steel mills, 42.44
steel warehouse, 42.44
oxygen flow, 42.33
oxygen gouging, 42.47
oxygen lancing, 42.64
oxygen purity, 42.11
oxygen regulators, 41.38
oxygen shape cutting
machine, 42.39
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oxygen-to-fuel gas combus-
tion ratio, 41.14

oxyhydrogen flame, 41.12

oxyhydrogen welding, 41.65

-P-

pad washing, 42.52, 43.34

pantograph, 42.41, 42.42

partial vacuum welding, 47.17

paste (flux), 41.49

paste adhesives, 49.26

pasty range, 46.18

Paton Institute, 48.4

pearlite, 44.32

pearlitic steel, 44.60

peel strength, 49.11, 49.41

peened, 41.55

permanence, 49.41

phenolic-based adhesives,
49.32

phenolic resin adhesives,
49.14

phosphorus, 42.15

photocell tracing, 42.42

physical effects of cutting,
43.8

pickling, 42.24, 46.8

pierce start, 42.9

piercing, 42.45, 42.55, 43.8

pilot arc, 43.29

pilot flame, 41.50

pilot machines, 42.42

pipelines, 41.44

pipeline systems, 41.45

pipe welding, 45.17

plain carbon, 41.58

plane flame front, 41.15

plasma-arc cutting, 43.5
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plasma-arc hot-wire surfacing,
44.21

plasma-arc powder surfacing,
44.20

plasma cutting applications,
43.31

plasma jet, 43.28

plastic bonded powder, 44.50

plastic flow, 44.47

plasticity, 49.41

plate electrodes, 48.6

pneumatic, 42.30

polyaromatic resin systems,
49.16

polybenzimidazoles, 49.11,
49.15

polyimides, 49.11, 49.15

pop-out, 42.24

porosity, 41.52

portable machines, 42.40

portable manifolds, 41.18,
41.42

positive pressure mixer, 41.27

positive pressure torch, 41.26,
42.38

positive type regulators, 41.34

post curing, 49.33

postheat treatment, 41.60

potassium chlorate, 41.13

pot life, 49.42

powder cutting, 42.24, 42.28,
42.29, 42.30, 42.57,
42.64

powder filler metal, 44.7,
44.12

powder gouging, 42.59

powder lancing, 42.59

powder metallurgy methods,
44.36

powder scarfing, 42.58

powder washing, 42.59

power controls, 45.12

power density, 47.4, 47.7

precision cutting, 42.17

precoated rods, 41.49

precoating, 46.9

preferential vapor release,
47.56

preheat circle, 42.55

preheat intensity, 42.10

preheating, 41.11, 41.12,
41.61, 42.4, 42.14,
42.18, 42.19

preheating flame, 42.8, 42.9

preheating gas, 41.12

preheating time, 42.6

preheating temperature, 41.60

premixed type torches, 42.38

pressure-sensitive adhesives,
49.13

primary combustion intensity,
41.15

primary reaction, 41.11

primer, 49.42

profile programs, 42.42

programmed indexing, 47.15

progressive methods, 42.50

propadiene, 41.13

propane, 41.4,41.11,41.12,
41.68,42.10, 42.11

protective covering, 41.4

proximity effect, 45.4

pulser circuit, 47.15

push-weaving technique, 44.53

-R-

R F generators, 45.8
reaction zone, 42.50




rectilinear machines, 42.42
reducing atmosphere, 41.65
reducing flame, 41.11, 41.52,
41.65,44.12, 44 47
reduction, 41.56
reflow soldering, 46.16
refractory material, 42.26,
42.27
refractory metals, 47.50
refractory oxides, 42.26,
42.28, 42.29
regulators, 41.20, 41.22,
41.34, 41.39
direct acting, 41.34
inverse, 41.34
negative type, 41.34
nozzle type, 41.34, 41.35,
41.38
positive type, 41.34
stem type, 41.34, 41.38
two stage, 41.35, 41.48
reinforcement, 41.57
relief valves, 41.19, 41.20
René 41, 47.49
repair welding, 43.16
residual stresses, 44.22
residual thermal stresses,
44.22
resin, 49.42
resistance soldering, 46.15
retarder, 49.42
rhenium, 47.50
ribbon type filament, 47.30
rimmed steel, 47.52
risers, 42.38
riser cutting, 42.33
rivets, 42.53
rivet piercing, 42.55
rivet washing, 42.53
rod starting, 42.45
root opening, 41.52
rosin fluxes, 46.11
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-S-

safety
electron beam, 47.66
gas metal-arc cutting, 43.23
gas regulators, with, 41.39
gas welding, 41.20
manifolds and pipelines,
41.44
plasma-arc cutting, 43.34
safety plugs, 41.10
sand blasting, 42.24
sandwich construction, 49.23
scabs, 42.45
scaling resistance, 44.48
scarfing, 42.45, 42.46, 42.47,
42.50, 42.52, 42.57,
43.34
scarf joint, 49.19
scrap cutting, 42.33, 42.36,
42.38
scratching abrasion, 44.28,
44.38,44.42, 44.50
sealing rings, 41.23
seams, 42.45
secondary combustion
intensity, 41.15
secondary hardening, 44.59
self-accelerated guns, 47.7
semiaustenitic steel, 44.32,
44.60
semiautomatic oxyacetylene
surfacing, 44.12
semiautomatic welding
machine, 41.62
semi-killed steels, 47.52
series-arc welding, 44.25
set, 49.42
setting time, 49.42
shape cutting, 42.40, 42.41,
42.43
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shape cutting machines
cross-carriage, 42.41
pantograph, 42.41
shaving, 46.8
shear strength, 49.42
sheet and stiffener design,
49.22
shelf life, 46.9, 49.42
shelving, 42.36
shielded metal-arc cutting,
43.4, 435, 43.6
ship plate cutting, 42.43
soldering, 46.3
fatigue properties, 46.21
high temperature applica-
tions, 46.20
joint design, 46.6
soldering flux, 46.10
soldering iron, 46.12
for servicemen, 46.12
heavy-duty, 46.12
quick-heating, 46.12
transformer type, 46.12
soldering operation, 41.11
solder selection, 46.4
solder specifications, 46.25
solid adhesives, 49.26
solid-phase forge weld, 45.6
solid state diodes, 47.28
solid state inverters, 45.4
solid state rectifiers, 45.8
solidus temperature, 46.18
solvent, 49.42
solvent degreasing, 49.29
solvent dispensed adhesives,
49.31
spalling, 42.28
spatter, 47.58, 47.59
special fluxes, 44,10
specific flame output, 41.14
spot gouging, 42.50
spray gun soldering, 46.14

spray solder, 46.15

spread, 49.42

stabilized methylacetylene,
41.13

stack cutting, 42.17, 42.24,
43.34

stainless steel, 41.60, 42.24,
42.26, 42.27, 42.31

standard dimensions (welding
rods), 41.46

standard lengths (welding
rods), 41.46

standing starts, 42.37

stationary machine oxygen
cutting, 42.39

stationary manifolds, 41.42

stationary piped manifolds,
41.18

steel, 41.60

stem type regulators, 41.34,
41.38

storage life, 49.42

straight line cutting, 42.40

strain age cracking, 47.49

strap joint, 49.19

streamlined flow, 41.32

stress abrasion, 44.50

stress-relief, 44.25

stress relieved, 42.14

stress relieving process, 42.14

striking, 44.38

string beads, 41.56

struck-off, 44.11

structural adhesives, 49.14

stylus type seam tracker, 47.13

submerged arc surfacing,
44.16

submerged arc surfacing
fluxes, 44.10

substrate, 49.42

sulfur hexafluoride, 47.28

surface contour, 42.62




surface finish, 42.19
surface roughness, 42.15,
42.16
surfacing, 41.3, 41.64, 44.3,
44.5, 44.6
surfacing alloys, 44.4, 44.30
surfacing applications
agricultural equipment
parts, 44.65
hot erosion by gas borne
abrasives, 44.65
jet piercer drill stems, 44.65
mining and construction
equipment, 44.68
rock drill bits. for oil well
drilling, 44.64
rock and ore crushers,
44.69
railway trackwork, 44.69
screw conveyors and
classifiers, 44.64
steel mills equipment,
44.66
tractor parts, 44.65
surfacing by arc welding,
44.13
automatic arc welding,
44.15
gas metal-arc surfacing,
44.19
gas tungsten-arc surfacing,
44.18
manual arc surfacing,
44.13
plasma-arc hot-wire
surfacing, 44.21
plasma-arc powder
surfacing, 44.20
semiautomatic welding,
44.14
submerged arc surfacing,
44.16
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surfacing electrodes, 44.35

surfacing filler metals, 44.4,
44.5, 44.6

surfacing fluxes, 44.6

surfacing powder, 44.12

surfacing welding rods, 44.35

sweating, 44.40

-T-

tack life, 49.31, 49.42

tack range, 49.43

tack welded, 41.55

tantalum, 47.50

tapes, punched or magnetic,
42.42

telefocus guns, 47.8

temperature gradient, 41.55,
42.14

template, 42.20

template drawings, 42.43

template-guided cutting, 43.9

thermal cracking, 47.56

thermal diffusivity, 50.4,
50.16

thermal gradients, 42.38

thermal spraying, 44.4, 44.20

thermal stresses, 44.22, 44.23

thermoplastic, 49.43

thermoplastic types, 49.12

thermosetting types, 49.12

third stage torque, 50.5

thoxotrophy, 49.43

throttling or needle valves,
41.27

timing controls, 45.13

tin-lead solders, 46.18

tip cleaning, 42.25

tip mixing type torch, 42.38

titanium, 47.53
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tongue-in-groove joint, 49.20
torches, 41.23, 41.26, 41.28
low pressure (injector) type,
42.38, 41.26
premixed type, 42.38
positive pressure type,
41.26, 42.38
tip mixing type, 42.38
touch soldering, 46.12
torr, 47.3
total combustion intensity,
41.15
tracing devices, 42.42
cross carriage machines,
42.42
electronic tracing device,
42.42
magnetic tracer, 42.42
pantograph, 42.42
photocell tracing, 42.42
pilot machine, 42.42
profile programs, 42.42
punched or magnetic tapes,
42.42
rectilinear machines, 42.42
transformation temperature,
41.55
travel speed, 42.48
triode type gun, 47.10, 47.27
truss configuration, 49.24
tubular electrodes, 44.15
tube welding, 45.17
tungsten, 42.15, 47.50
tungsten carbide, 44.31,
44.36, 44.65
tungsten carbide composites,
44.36
tungsten carbide particles,
44.21
turbine maintenance, 43.16
two-stage regulators, 41.35,
41.38

-U-

ultrasonic soldering, 46.17

undercut, 41.57

underfill, 47.59

underwater cutting, 41.12,
42.31, 43.5,43.8,43.10

Underwater Cutting and
Welding Manual, 42.32

underwater electrodes, 43.8

unit thrust pressures, 50.12

unweldable material combi-
nations, 47.40

upset, 45.20

upsetting, 50.16

-V -

vacuum-bag curing, 49.33

vacuum pumps, 47.31
mechanical types, 47.31
oil diffusion types, 47.31

vacuum-tube oscillators, 45.4,

45.7

valve facing, 44.6, 44.13

valves, 41.20

vanadium, 42.15

vapor degreasing, 49.29

variable impedance control,

45.12

Vill approach, 50.11

vibratory, 42.30

visual examination, 41.57

voltage regulators, 45.11

volumetric flow rates, 41.31,
- 4132

volumetric rate, 41.10

vulcanization, 49.43




-W -

walffle configuration, 49.24
wandering sequence, 41.55
washing, 42.45, 42.52, 42.57
waster plate, 42.26
water-break test, 49.30
water drop test, 49.30
water recession, 41.9
water to carbide, 41.9
wave soldering, 46.16
wear resistance, 44.33
weaving motion, 44.11
weld data sheets, 47.38
weld decay, 44.24
weld energy, 50.13
weld speed, 47.38
weldability of dissimilar
metals, 47.43
welding flame, 41.32
welding of aluminum, 41.67
welding of lead, 41.67
welding pressure, 50.3
welding rods, 41.46
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welding time, 45,7

welding tips, 41.31, 41.32
welding torches, 41.23
welding wear, 44.52

white cast iron, 44.39
wiping, 44.38

wire feed, 42.26

work hardenable steel, 44.61
work hardening, 44.32
work-hardening alloys, 44.63
working life, 49.43

wrought iron, 41.58

_Y-

yield value, 49.43

-Z-

zirconium alloys, 47.54
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acid fume scrubbers, 56.36
acrylics, 56.31
acrylonitrile, 56.31
acoustic energy, 59.6
acoustic horn, 56.28
acoustic power, 59.6
acoustical power, 59.35
aging, 56.36

air atmosphere furnaces, 60.50

air-gas torches, 60.48
air pressure test, 56.34
alkalies, 60.58
alkaline cleaning, 60.71
allotropic transformation,
52.10, 52.12
alumina, 60.91
aluminum, 58.6, 59.10
aluminum bronze, 60.83
aluminum foil splicers, 59.50
aluminum-silicon filler metals,
60.40
anvil, 59.37
anvil geometry, 59.43
arc construction, 54.4
arc melting, 54.4
atmospheres, 60.56, 60.57,
60.61
carbon dioxide, 60.63
carbon monoxide, 60.63
compositions, 60.62
dew point control, 60.62,
60.63
hydrogen, 60.66
inert gases, 60.67
inorganic vapors, 60.68
methane, 60.67
nitrogen, 60.63
oxygen, 60.67
vacuum brazing, 60.68
water vapor, 60.67
atmosphere brazing, 60.5

INDEX

atomic hydrogen welding,
61.19
equipment used, 61.22
filler metal, 61.26
methods and techniques,
61.24
principles of operation,
61.20
weld properties, 61.21
audible range, 56.22
automatic production
equipment, 59.50

backer metal, 51.4

bare metal-arc welding, 61.6

base metals brazed, 60.74

batch furnace, 60.49, 60.50

bell furnace, 60.50

bend specimens, 51.15

bend test, 56.32

bend testing, 51.15

beryllia, 60.91

beryllium, 59.55

bimetal weldments, 53.10

blanket brazing, 60.56

blister, 56.38

block brazing, 60.47

bond zone, 51.73

bond zone tensile strength,
51.12

borates, 60.57

boric acid, 60.58

brake, 56.38

brass, 60.81

braze welding, 60.3

brazing, 60.3
atmospheres, 60.56, 60.57
attributes of the braze
joining process, 60.5
base metal, 60.6
base metals brazed, 60.74
base metal-filler metal
interaction, 60.17
definition and general
description, 60.3
destructive tests, 60.102
dissimilar base metals, 60.18
drafting room practices,
60.31
electrical conductivity,
60.27
filler metal, 60.7, 60.35
filler metal selection, 60.39
fluxes, 60.56, 60.57
inspection, 60.98
joint clearance, 60.12
joint length, 60.18
nondestructive tests, 60.99
“Placement of Filler Metal”,
60.26
pressure tightness, 60.31
principles of operation, 60.4
procedures, 60.71
processes, 60.47
recrystallization tempera-
ture, 60.46
safe practices, 60.104
stress distribution, 60.20
types of joints, 60.7
brazing atmospheres, 60.62
brazing filler metals, 60.34
bonding, 60.39
filler metal selection, 60.39
fluidity, 60.36
melting, 60.36
refractory base metals,
60.45
wetting, 60.39
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“Brazing Manual”, 60.101
brazing procedures, 60.71
assembly, 60.73
flux removal, 60.74
fluxing, 60.72
post-braze treatment, 60.73
precleaning, 60.71
stop-off, 60.73
surface preparation, 60.71
brazing sheet, 60.77
brazing temperature, 60.40
briquette, 54.28
brittle temperature, 56.38
burned, 56.38
burning test, 56.7
butadiene, 56.31
butt cold welding, 53.8
butt joint, 60.11

-C-

calendering, 56.38
cap pass, 54.29
capillary attraction, 60.3, 60.5
carbides, 60.90
carbon arc welding, 61.10
equipment used, 61.11
metals welded, 61.13
technique, 61.11
carbon dioxide, 58.7, 60.63
carbon dioxide shielding
atmosphere, 58.7
carbon-electrode arc welding,
61.9
carbon monoxide, 60.63
carburizing medium, 58.7
cast iron, 60.84
cement welding, 56.4
cementing, 56.38
ceramics, 60.91
ceramic-to-ceramic seals,
60.92
ceramic-to-metal seals, 60.92
cermets, 60.90
chemical etching, 52.8
chemical process vessels, 51.61
chemical resistance tests, 56.7
chemical tests, 56.33
chill plates, 54.21
chisel testing, 51.12
chiorides, 60.58
chlorinated polyether, 56.4,
56.30
chromium, 58.6
chromium irons and steels,
60.86
chromium-nickel stainless
steels, 60.86

circumferential pipe welding,
54.29
clamping mechanism, 59.37
clearance, 60.12
coherent light, 55.4
cold welding, 53.3
applications, 53.11, 53.13
equipment, 53.7
materials welded, 53.4
metallurgical structure, 53.6
surface preparation, 53.6
collimated arc, 54.11
collision angle, 51.4, 51.6
collision region, 51.6
collision velocity, 51.4, 51.5
columbium, 60.92, 60.95
columbium joining, 60.47
composites, 52.29
constricted arc, 54.4
constricting orifice, 54.5
contact welding, 56.4
continuous CO:s laser, 55.16
continuous furnace, 60.49,
60.50, 60.51
continuous gas lasers, 55.5
continuous lasers, 55.5
continuous layer bond, 51.8
continuous-seam welding, 59.4
contra-resonant anvil, 59.19
controlled atmospheres, 60.50,
60.51
copper, 60.80
copper-aluminum alloys, 60.83
copper-aluminum transition
joint, 51.21
copper and copper-zinc filler
metals, 60.41
copper-beryllium alloys, 60.83
copper-nickel alloys, 60.83
copper phosphorus, 60.42
copper-silicon alloys, 60.81
copper-tin alloys, 60.83
copper-zinc alloys, 60.81
copolymer, 56.83
copolymerization, 56.38
cored carbon electrodes, 61.15
corner joints, 60.12
corrosion testing, 51.16
cosmetic pass, 54.29
coupling losses, 59.6
cracking, 60.87
crater-cracking, 54.26
crazing, 56.38
creep, 52.5, 56.7
creep controlled, 52.7
critical velocity, 51.8
cross-link, 56.38
crown, 56.38
CS-201-55, 56.6

CTFE, 56.5

Curie temperature, 60.53
cyrogenic applications, 51.22
cyrogens, 51.22

-D-

decarburizing medium, 58.7
deformation diffusion welding,
52.7
degreasing methods, 60.71
delamination, 56.38
denotation velocity, 51.5
deposition efficiency, 58.16
deposition rate, 58.10, 58.27
dew point, 60.62, 60.63
dew point control, 60.62,
60.63
dezincification, 60.81
die welding, 61.3
diffusion coefficient, 52.6
diffusion controlled welding,
52.7
diffusion welding, 52.3, 52.4,
52.5, 52.6, 52.7, 52.10
applications, 52.29
dissimilar combinations,
52.22
economics, 52.31
equipment, 52.24
inspection and testing, 52.28
materials welded, 52.14
metallurgical factors, 52.10
pressure, 52.10
surface preparation, 52.8
surface preservation, 52.9
temperature, 52.9
time, 52.10
diffusion welding techniques,
52.5
dip brazing, 60.54
molten chemical (flux) dip
brazing, 60.55
molten metal bath dip
brazing, 60.55
dispersion hardened nickel,
60.87
dispersion strengthened
material, 59.26
dispersion strengthened type
alloys, 52.21
dissimilar base metals, 60.18
dissimilar materials, 56.18
dissimilar metal brazing, 60.96
dissimilar metal conductors,
51.20
“double arcing”, 54.9
draft angles, 56.23
dressed weld, 56.39




-E-

electrical applications, 51.20
electrical conductivity, 60.27
electrical conductivity studies,
51.16
electrical connections, 57.19
electrical resistance evaluation,
60.01
electrical stickout, 58.19,
58.30
electrode contamination, 54.16
“electrode setback”, 54.9
electro-gas welding, 58.24
electrolytic cleaning, 60,70
electron probe analysis, 51.8
electron-tube frequency
converters, 59.47
electronic programmer, 56.28
electrostrictive transducers,
59.36
emulsion cleaning, 60,71
encapsulation, 59.52
energy director, 56.23
evaporated coatings, 52.13
evaporation/deposition, 59.52
exothermic brazing, 60.47,
60.56
exothermic chemical reaction,
60.56
exothermic powders, 57.12
explosion welding, 51.3
explosive impulse, 51.3
explosive welding, 51.4
applications, 51.16
area limitation, 51.4
danger, 51.4
limitations, 51.23
principles of operation, 51.4
types of bonds, 51.6

-F-

fatigue testing, 51.15, 51.16

fatigue tests, 60.102

FEP fluorocarbon, 56.31

“fire cracking”, 60.81

“first fire” mixture, 57.4

“fit up”, 60.12

flow brazing, 60.47

fluoborates, 60.57

fluorescent and dye penetrant
inspection, 60.100

fluorides, 60.58
fluorocarbon resins, 56.5
flux, 60.14
fluxes, 60.56, 60.57
application, 60.60
constituents, 60.57
flux removal, 60.60
selecting suitable fluxes,
60.58
flux cored arc welding, 58.3
equipment, 58.11
flow rates, 58.24
fluxing and alloying
materials, 58.4
joint designs, 58.21
metallurgy, 58.4
safety requirements, 58.16
training requirements, 58.16
welding-position capacity,
58.8
welding procedures, 58.21
flux cored electrodes, 58.4
chemical composition, 58.10
classification system, 58.8
deposition rates, 58.10
low alloy, 58.10
properties, 58.11
surfacing applications,

flux removal, 60.60
foil inserts, 52.13
force-amplitude, 56.23
force-intensity mounting,
59.36
forge welding, 61.3
die welding, 61.4
fluxes, 61.6
hammer welding, 61.4
joint design, 61.5
metals welded, 61.5
principles of operation, 61.4
roll welding, 61.4
forge-type welding, 61.6
fosterite, 60.91
“free flowing”, 60.5
free flowing filler metals, 60.18
freon testing, 60.100
frequency bands, 60.53
frequency converter, 59.5,
59.34
frequency converters, 59.47
friction welding, 56.4, 56.14
advantages, 56.15
applications, 56.15
dissimilar materials, 56.18
joint design, 56.17
spin-doweling, 56.18
weld strength, 56.16
“frozen slag” layer, 57.5
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furnaces, 60.49
batch furnace, 60.49, 60.50
continuous furnace, 60.49,
60.50, 60.51
retort type furnace, 60.49,
60.51
vacuum furnace, 60.49,
60.50, 60.51
furnaces, electric, gas or
heated, 60.49
furnace brazing, 60.49

-G-

galvanic action, 51.21

gas phase fluxes, 60.14

gas pressure bonding, 52.24

gas-shielded electrode, 58.4

gas-shielded flux cored

electrode, 58.16

applications, 58.16
deposition efficiencies, 58.17
features, 58.16
flow rates, 58.24
joint designs, 58.21
process control, 58.18
process variables, 58.16
welding procedures, 58.21

gas slope control cycle, 54.13

gas tapering device, 54.18

gas vortex, 54.3

gaseous atmospheres, 60.63

getters, 60.70

gold, 59,

gold filler metals, 60.44

gold solders, 60.4

graphite, 60.92

-H-

hammer welding, 61.3

hardness testing, 51.13

heat forming, 56.39

heat-resistant alloys, 60.88

heatsealing, 56.39

heated tool welding, 56.4
application, 56.20
automation, 56.22
equipment, 56.19
welding conditions, 56.19

heatshock sensitive materials,

55.16
helium leak, 59.32
helium leak test, 51.22
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hermetic sealing, 59.3, 59.32

hermetic seals, 59.31

herrian yielding, 52.5

high-carbon steels, 60.84

high-density polyethylene, 56.3

high-frequency power, 54.5

high-pressure brazements,
60.31

high-pressure isostatic
equipment, 52.24

highspeed tool steels, 60.84

high-temperature PVC, 56.31

history of plasma arcs, 54.3

hot gas welding, 56.4, 56.9

edge preparation, 56.9
tacking, 56.11

hot wire systems, 54.20

hydrogen, 60.66

hydrogen embrittiement, 60.81

hydrostatic test, 56.32

impact test, 56.32

impact tests, .56.1¢

impregnated-tape metal arc

welding, 61.18

induction brazing, 60.53

induction plasma generator,
54.5

inert gases, 60.67

infrared brazing, 60.55

inorganic vapors, 60.68

interaction, 60.17, 60.18

interface contamination, 52.18

interfacial boundary, 52.6

interlayers, 52.7, 52.12, 52.13,
52.18

intermetallic compounds,
51.21

interpenetration, 59.21

ionization potential, 54.35

-J-

jet, 51.6
jetting, 51.6
joint clearances, 60.11, 60.12

-K-

keyhole, 54.11

keyhole effect, 54.11

keyhole weld, 54.13, 54.14

kirkendall porosity, 52.13,
53.4

-L-

laminate, 56.40

laminated, cross, 56.40

laminated, parallel, 56.40

lap cold welding, 53.12

lap joint, 60.11

laser, 55.3

laser beam, 55.3
beam divergency, 55.4
optical reflective cavity, 55.4
principles of operation, 55.3
ruby laser, 55.4

laser beam welding, 55.3

laser cutting, 55.14
advantages, 55.15
material removal, 55.16
safe practices, 55.18
thermit welding reaction,

55.17

laser welding, 55.4
applications, 55.8
continuous welding, 55.5
electronics industry, 55.14
focusing distance, 55.12
general background, 55.4
joint configuration, 55.10
limitation of thickness, 55.6
major problems, 55.6
repair welding, 55.14
tooling, 55.14
unique features, 55.12

lateral-drive system, 59.40

lateral-drive transducer, 59.41

line welding, 59.4, 59.53

line welding machines, 59.41

liquation, 60.38

liquid metal stress-corrosion,

60.83

logic circuits, 59.37

low-alloy steels, 60.84

low-carbon steels, 60.84

low current manual plasma arc
welding, 54.32

lubricant, 56.40

M-

magnesium, 60.78
magnesium alloys, 60.78
magnesium filler metals, 60.41
magnetic particle inspection,
60.100
magnetostrictive materials,
59.36
magnetostrictive transducers,
59.34
manual hot gas welding, 56.12
angle, 56.12
pressure, 56.12
speed, 56.12
temperature, 56.12
manual keyhole welding, 54.36
manual plasma arc welding,
54.31
cut quality, 54.34
equipment, 54.33
fixturing, 54.36
gases, 54.35
melt-in welds, 54.36
process applications, 54.39
safety precautions, 54.43
torches, 54.34
marine applications, 51.21
marine structures, 57.16
mass spectrometer, 60.100
matrix materials, 52.31
mechanical fatigue testing,
51.15
mechanized plasma arc
welding, 54.10
melt-in technique, 54.33
melt-in welds, 54.36
metal matrix composites,
52.29
metallic bonds, 52.5
metallographic inspection,
60.103
methane, 60.67
microcircuits, 59.51
microhardness profile studies,
51.13
micropositioners, 59.40
microstructural properties,
59.21
microwave power, 54.5
mineral fluxes, 60.14
moderating layer, 51.4
moldable exothermics, 57.12
molds for non-repetitive welds,
57.7
molds for repetitive welds,
57.11




molds for thermit welding,
57.7

moilten chemical (flux) bath

dip brazing, 60.55

molten metal bath dip brazing,
60.55

molybdenum, 60.92, 60.94

monochromatic red beam,
55.3

monomer, 56.40

mottle, 56.40

multiple upset welding, 53.10

multiport nozzles, 54.17

-N-

nickel, 58.6
nickel and high-nickel alloys,
60.87
nickel-base alloys, 52.14
nickel-base superalloys, 52.18
nickel filler metals, 60.44
nitric acid vapor exposure,
51.16
nitrogen, 60.63
nonrigid plastic, 56.40
non-repetitive preheated
thermit weld, 57.12
applying the mold, 57.12
charging the crucible, 57.14
cooling, 57.14
finishing, 57.14
igniting the mixture, 57.14
preheating, 57.12
preparing the joint, 57.12
quantity of thermit required,
57.14
non-transferred arc, 54.7, 54.9
non-transferred arc system,
54.8

-0O-

“orifice gas”, 54.8
oscillator, 59.47

oxide film, 52.6
oxyacetalene torches, 60.48
oxygen, 60.67
oxy-hydrogen torches, 60.48

-P-

packaging, 59.52
parts resonance, 59.18
peel tests, 60.102
permanence, 56.40
phase transformation, 59.21
phosphor bronze, 60.83
photoelastic stress models,
59.9
pickling, 52.8
pilot arc, 54.11, 54.18
pilot arcs, 54.34
high frequency system,
54.34
touch-retract, 54.34
pimple, 56.40
piping, 56.34
pit type furnace, 60.50
plasma, 54.4
“plasma arc”, 54.3
plasma arc welding, 54.3,
54.7
definitions and terminology,
54.7
equipment, 54.18
filler metal additions, 54.14
gas vortex, 54.3
history of plasma arcs, 54.3
joint design, 54.4
joint preparations, 54.21
melt-in welds, 54.36
multipass welding, 54.16
multiport nozzles, 54.17
operating data and
materials, 54.21
process applications, 54.26
reverse polarity welding,
54.16
safety precautions, 54.43
thin gage materials, 54.31
torches, 54.19
types of gases used, 54.20
water vortex, 54.4
welding speed, 54.19
plasma jet, 54.8, 54.13
plasma temperatures, 54.6
plastic pipe, 56.4
plasticizer, 56.41
plastics, welding of, 56.3
commercial forms, 56.5
definitions, 56.36
inspection and testing of
welds, 56.32
materials welded, 56.29
methods of welding, 56.4
weldable plastics, 56.5
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plenum, 54.9
plenum chamber, 54.9
platinum, 59.11
pneumatic stand, 56.28
polarizing magnetostrictive
transducers, 58.47
polychlorotrifluorethylene,
56.5
polyethylene, 56.3, 56.29
polyethylene pipe, 56.3
polymer, 56.41
polymerization, 56.41
polypropylene, 56.4, 56.30
polyviny! chloride, 56.3, 56.29
polyvinylidene fluoride, 56.4
postforming, 56.41
power-force programming,

precious metals, 59.11, 60.92
precipitation-hardening
stainless steel, 60.87
press welding, 56.41
pressure testing, 60.99
pressure tightness, 60.31
pressure welding, 57.5
primary melt electrodes, 54.28
prime metal, 51.4
prooftesting, 60.99
pulsed ruby laser, 55.5
“purity” of atmosphere, 60.16
PVF, 56.5

-Q-

quaternary systems, 60.38

-R-

radiographic tests, 56.34

radiography, 60.101

rail welding, 57.17

reactive metal sponge
compacts, 54.28

recommended joint clearance,
60.13

recrystallization, 52.10, 52.12,
59.21, 59.26

recrystallization temperature,
60.46

refractory chamber, 60.53

refractory metals, 59.12, 60.92

reinforcing bar welding, 57.17

repair welding, 57.16

residual fluxes, 60.60

residual stresses, 60.18

resin, 56.41
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resistance brazing, 60.54
resistance-diffusion-welding
equipment, 52.27
resonance vibration, 59.18

resonant frequency, 59.13
retort furnace, 60.49, 60.51
retract starting, 54.5

rigid plastic, 56.41

ring welding, 59.4

ring welding machines, 59.41
ring welds, 59.19

roll welding, 61.3
roller-roller system, 59.42
rolling billets, 51.19

-S-

“sandwich brazing”, 60.97
scarf joint, 60.12
seam-diffusion welding, 52.27
self fluxing filler metals, 60.18,
60.39
self-shielded electrode, 58.4
self-shielded flux cored.
electrode, 58.26
applications, 58.26
features, 58.26
process control, 58.28
process variables, 58.27
semiautomatic hot gas welding,
56.13
shear test, 51.11
shear tests, 59.26
short-transverse effects, 53.6
silicon bronze, 60.81
silicon-controlled-rectifier,
59.47
silicon scribing, 55.17
silver, 59.11
silver filler metals, 60.42
“silver solders”, 60.4
Society of the Plastics
Industry, 56.6
softening range, 56.47
soldering, 60.3
solid-state frequency con-
verters, 59.48
solid state joining, 52.4
solid state lasers, 55.3
solvent cleaning, 60.71
sonic converter, 56.28
sonotrode tip, 59.4

sonotrode tip materials,
59.46

spark-coil tester, 56.14

specific gravity test, 56.7

specific heat, 56.42

spelter, 60.4

spheroidization, 52.6

spin-doweling, 56.18

spinel, 60.91

spin-welding, 56.4, 56.15

sponge compacts, 54.28

spot diffusion welding, 52.27

spot-type welding, 59.4

sputtered coatings, 52.13

stabilizer, 56.42

stainless steels, 60.85

“Standard Method for Evalu-

‘ ating the Strength of
Brazed Joints”, 60.14

Standard Welding Symbols,
60.32

standoff, 51.6

static diffusion coefficients,
59.21

straight bond, 51.8

straight metal-to-metal bond,
51.8

stress corrosion, 60.87

stress corrosion tests, 59.31

strip welding, 56.42

styrene (abs.), 56.31

styrene copolymer, 56.4

“super-atloys”, 60.88

surface behavior, 52.10

surface energy, 52.6

surface oxides, 52.12, 52.18

surface roughness, 60.17

surfacing applications, 58.10

-T-

tantalum, 60.92, 60.94, 60.95

tantalum joining, 60.47

tee joints, 60.12

tensile-shear testing, 59.33

tensile test, 51.12, 56.32

tension and shear tests, 60.102

ternary systems, 60.38

tetrafluoroethylene polymer,
56.5

TFE, 56.5

thermal conductivity studies,
51.16

thermal cycling, 51.21, 60.18
thermal embrittlement, 56.42
thermal fatigue testing, 51.16
thermal heat transfer
inspection, 60.101
thermal stability, 56.42
thermit welding, 57.3
applications, 57.16
brazing, 57.5
cast iron thermit, 57.6
electrical connections, 57.7
mild steel thermit, 57.6
methods, 57.5
molds, 57.7
plain thermit, 57.6
principles of operation, 57.4
steel mill wobblers, 57.6
tin-aluminum, 57.6
welded fabrication, 57.17
welding rail, 57.6
thermoelasticity, 56.42
thermoforming, 56.42
thermoplastic, 56.42
thermoplastics, 56.4
applications, 56.34
burning test, 56.7
definitions, 56.36
expansion and contraction,
56.9
friction welding, 56.14
heated tool welding, 56.19
hot gas welding, 56.9
identification, 56.6
notch sensitivity, 56.6
stress cracking, 56.9
ultrasonic welding, 56.22
thermoset, 56.43
thoria dispersion, 60.87
tip radius, 59.14
tip sticking, 59.46
titanium, 58.6
titanium alloys, 52.14, 52.15
titanium base metals, 60.88
torch brazing, 60.48
“torch stand-off”, 54.9
torsion tests, 51.16, 60,102
transducer, 56.28, 59.5
transducer-coupling system,
59.34, 39.36 -
transducer types, 59.5
transferred arc, 54.7, 54.8,
54.9
transferred arc system, 54.8
transistorized units, 59.40
transition joints, 51.19, 51.20
travel rate, 58.19
traversing-head system, 59.43
tungsten, 60.92, 60.93, 60.94
twin carbon arc welding, 61.15
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ultrasonic, 51.8, 56.22
ultrasonic inspection, 60.101
ultrasonic welding, 56.4,
56.22, 59.3
applications, 59.51
atmospheres, 59.18
clamping force, 59.14
continuous-seam welding,
59.4
controls, 59.49
copper and copper alloys,
59.11
corrosion resistance, 59.30
design consideration, 59.19
electrical energy, 59.6
equipment, 56.26, 59.34
fatigue strength, 59.30
hold time, 56.24
horns, 56.24
input power, 59.15
jron and steel, 59.11
line welding, 59.4
mechanical properties,
59.26
physical and metallurgical
properties, 59.20
power requirements, 59.6
precious metals, 59.11
principles of operation, 59.4
protective devices, 59.48
quality control, 59.32
refractory metals, 59.12
ring welding, 59.4
spot-type welding, 59.4
stress patterns, 59.8
temperature zone, 59.9
thickness limitations, 59.12
vibratory frequency, 59.35
weld quality, 59.26
weld time interval, 59.7
weldable materials, 59.10
welding techniques, 59.13
welding time, 59.15
undressed weld, 56.43
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-V-

vacuum bake-out, 52.8
vacuum brazing, 60.51, 60.68
advantages and disad-
vantages, 60.68
high vacuum, 60.70
partial vacuum, 60.70
vacuum forming, 56.43
vacuum furnace, 60.49, 60.51
sold wall, 60.52
double pumped, 60.52
hot retort, 60.51
vacuum testing, 60.100
ventilating ducts, 56.35
venting, 60.31
vertical electro-gas welding,
55.25
visual inspection, 56.35

-W-

water of crystallization, 60.60
water vapor, 60.67

water vortex, 54.4

wave guide, 59.36

wavy bond, 51.8

weathering, 56.43
wedge-reed system, 59.38
“welding inspection”, 60.101
wetting agents, 60.58

work hardening, 51.13

-Y-

YAG laser, 55.10
YAG lasers, 55.5
yield strength controlled, 52.7

-Z-

zenon flash tubes, 55.5
zirconia, 60.91

zirconium, 58.6

zirconium alloys, 52.14
zirconium base metals, 60.88
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automatic welding, 69.39,
69.49, 69.53, 69.57,
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backhand technique, 68.19
backing rings, 65.17
back-up, 69.80
back-up shielding, 73.32
bend testing, 69.156, 69.157
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68.27
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73.11
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bonded-type flux, 65.27
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68.55
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red brass, 68.7
brazed joints, 69.139
braze welding, 61.15, 74.5

brazing
brasses, 68.57
carbon steels, 61.7
copper, 68.55
copper-aluminum, 68.59
copper-nickel alloys, 68.59
copper-tin alloys, 68.58
copper-zinc alloys, 68.57
grey cast irons, 62.9
phosphor bronzes, 68.58
special copper, 68.56
brazing atmospheres, 65.36
brazing fixtures, 69.139
brazing, 69.139

- bronzes, 68.9

buttering, 65.39
butt joints, 69.11
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cadmium copper, 68.21
capacitor discharge stud
welding, 69.69
carbide precipitation, 65.9
carbon migration, 63.40,
64.29
carbon steel, 61.2
heat-treated carbon, 61.5,
61.8, 61.9
high carbon steels, 61.11,
61.2, 61.3
low-carbon steels, 61.2,
61.3
medium carbon steels, 61.11,
61.2, 61.3
mild carbon steels, 61.2,
61.3
casting alloys, 69.5
casting repairs, 69.106
castings, 68.44
aluminum, 69.102
brasses, 68.44
copper alloys castings,
68.44
joining, 68.47
preparation, 68.44
repairs, 68.44
welding, 67.38, 70.24
zinc, 72.10
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cast irons, 62.2
cast steels, 62.11
austenitic, 62.12
carbon, 62.11
low alloys, 62.11
cementite, 62.2
chemical cleaning, 68.66
chemical lead, 71.2
chromium-coppers, 68.6, 68.21
chromium-molybdenum steels,
63.32, 63.36, 64.2
filler metal
heat treatment, 64.34
cladding, 65.25
clad metals, 68.51
cobalt-beryllium, 68.7
cold cracking, 63.8
cold cracks, 69.84
cold welding, 69.133
combined carbon, 62.2
commercial aluminum alloys,
69.3
commercial titanium alloys,
73.15
composite design, 62.11
composite electrodes, 66.23
condenser discharge machines,
69.113
constant-voltage machines,
69.41
copper and copper alloys,
68.1, 68.2
aluminum bronzes, 68.9
annealing treatment, 68.53
backing methods, 68.13
brasses, 68.7
brazing, 68.65
clad metal, 68.15
copper-aluminum alloys,
68.9
copper-nickel alloys, 68.11
copper-nickel-zinc alloys,
68.11
copper-tin alloys, 68.9
copper-zinc alloys, 68.7
deoxidized coppers, 68.3,
68.12
duplex alloys, 68.10
electrolytic tough pitch
copper, 68.3
fire-refined copper, 68.3
fixturing, 68.13
fluxes, 68.13
high coppers, 68.6
homogenization treatment,
68.53
nickel silvers, 68.11
oxygen-bearing copper,
68.3, 68.6, 68.12

oxygen-free coppers, 68.3
phosphor bronzes, 68.9
physical metallurgy, 68.2
post-weld heat treatment,
68.3
process selection, 68.12
properties, 68.15
resistance welding, 68.25,
68.35, 68.37
shielding gases, 68.18
soldering, 68.63
stress-relieving, 68.53
surfacing, 68.48
welding processes, 68.14
welding techniques, 68.15,
68.19
copper-aluminum alloys, 68.9,
68.35, 68.53
brazing, 68.59
filler metal, 68.35
thermal treatment, 68.36
welding processes, 68.36
copper-beryllium, 68.6, 68.7
copper development assn.
numbering system, 68.2
copper-nickel alloys, 68.11,
68.42, 68.45, 68.48,
68.59
copper-nickel castings, 68.53
copper-nickel zinc alloys,
68.11, 68.42, 68.61
copper-silicon alloys, 68.38,
68.59
copper-tin alloys, 68.9, 68.31
brazing, 68.57
filler metal, 68.28, 68.31
joint preparation, 68.31
thermal treatment, 68.31
welding processes, 68.31
copper-zinc alloys, 68.7, 68.57
corroding lead, 71.2
corrosion, 67.9
corrosion resistance, 69.3,
69.25, 69.102, 69.111,
69.148, 69.150, 73.66
cracking, 63.38, 69.18
crater cracks, 69.83
creep control bonding, 73.51
creep strength, 68.65
cup joints, 71.5, 71.7

-D-

defects, 69.83
degreasing, 69.79
deoxidized coppers, 68.3
deoxidizing paint, 61.20
deoxidizing rod, 61.20

desilverized lead, 71.2

destructive testing, 69.156

dezincification, 68.12

diffusion bonding, 68.21,
73.59

diffusion welding, 73.43,
69.137

dilution, 65.25, 65.26, 65.39,
67.35, 69.18

dip brazing, 69.141, 73.63

dip soldering, 69.147

direct energy equipment,
69.111

dissimilar metal welding, 62.11,
62.13, 71.8, 74.3, 68.62,
67.34

doubler plates, 69.11

drooping-voltage machines,
69.41

duplex alloys, 68.10 _

duplex annealing, 73.20

dye penetrant examinations,
69.156

edge preparation, 69.13
electrode holders, 69.144
electrodes, 69.38, 69.144,
67.13, 73.56, 65.26
electrogalvanized, 72.21
electrolytic tough pitch copper,
68.3
electron-beam welding, 68.21,
68.36, 61.8, 63.36, 74.3,
67.22,70.51, 73.40, 69.71
electroslag welding, 61.8,
63.44, 69.107
electrostatic machines, 69.133
eutectic bonding, 73.53
explosion welding, 69.136,
73.54

-F-

fatigue strength, 69.100

ferric sulfate-sulfuric acid
test, 65.45

filler metal, 71.4, 61.15,
73.39, 73.63, 63.39,
69.2, 69.18, 69.29,
69.66, 69.138, 70.26,
67.18, 67.38, 65.34,
68.27

fillet welds, 69.11, 69.99

fire refined copper, 68.3

fit-up, 69.80 -
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fixtures, %81 —_

flame jointy, 71.5

flash welding, 63.35, 64.26,
67.34,68.21, 65.31,

.30, 70.50, 73.59,

69.109, 69.129

ﬂuo):{:scent examinations,
69.156

flow-purged chambers, 73.36

flux-cored arc welding
carbon steels, 61.5
low alloy steel, 63.43
wrought iron, 61.16

fluxes, 67.20, 67.21, 70.50,
73.62, 69.65, 69.145,
65.27, 65.36

fluxless vacuum brazing,
69.142

forehand technique, 68.19

forge welding, 61.14

foundry welding, 69.107

fracture characteristics, 69.103

fracture test, 69.157

free carbon, 62.2

free-cutting coppers, 68.6

free-machining alloys, 68.2

free-machining steels, 61.3,
64.15

friction soldering, 70.56

friction welding, 68.20, 73.53

fuel gasses, 71.4

fume extraction nozzle, 72.23

furnace brazing, 70.54,
73.63, 69.141

furnace soldering, 69.146

fused-type flux, 65.27

e

-G-

gas metal-arc cutting, 69.74
gas metal-arc welding
aluminum, 69.32, 69.38,
69.40, 69.42
carbon steels, 61.4
chromium-molybdenum,
64.24
copper, 68.18
copper-aluminum alloys,
68.36
copper-tin alloys, 68.31
grey cast irons, 62.7
ingot iron, 61.19
low-alloy steel, 63.43
magnesium, 70.16, 70.33
nickel, 67.17
stainless steel, 65.17
zinc, 72.14

gas metal-arc spot welding,
70.35
gas shielded arc welding, 69.94,
69.96, 63.34, 73.31
gas shielding, 73.58
gas and tungsten-arc cutting,
69.72, 73.66
gas-tungsten-arc welding, 68.14
aluminum, 69.38, 69.48,
69.53, 69.54
carbon steels, 61.5
chromium-molybdenum,
64.23
copper-aluminum welding,
68.34
copper-nickel-zinc alloys,
68.43
copper-tin welding, 68.34
ingot iron, 61.19
low alloy steel, 63.43
magnesium, 70.16, 70.18
nickel, 67.14, 67.43
reactive metals, 74.3, 74.4
stainless steel, 65.20, 65.41
zine, 72.3,72.7, 72.12
gas welding
aluminum, 69.61
carbon steels, 61.7
copper, 68.14
copper-nickel-zinc alloys,
68.43
copper-tin alloys, 68.34
gold, 74.14
grey cast irons, 62.7
ingot iron, 61.18
lead welding, 71.3
low alloy steels, 65.35,
65.44
magnesium, 70.50
malleable irons, 62.10
silver, 74.16
stainless steel, 65.32
zine, 72.3, 72.10, 72.11
german silvers, 68.11
globular transfer, 68.18, 69.33
gold, 74.14
granjon’s formula, 71.9
graphite, 62.2
grey cast irons, 62.5
braze welding, 62.8
brazing, 62.9
gas metal-arc welding, 62.7
gas welding, 62.7
shielded metal-arc welding,
62.5
thermit welding, 62.10
grey irons, 62.2
groove welding, 69.40, 69.48
guns, 69.41
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-H-

hadfield manganese steel, 66.2
hafnium, 74.2
hard-surfacing
nickel, 67.42
hardenable stainless steels,
64.35
hastelloy, 67.6
heat input, 63.23, 63.24
heat sink, 73.34
heat-treatable alloys, 69.4,
69.93, 69.96
heat-treated carbon steel, 61.5,
61.8, 61.9
heat-treatment, 69.95
high-copper alloys, 68.21
high coppers, 68.6, 68.53
chromium-copper, 68.6
copper-beryllium alloys,
68.6
zirconium-copper, 68.6
high carbon steel, 61.2, 61.3,
61.11
high frequency welding, 69.133
high nickel alloys, 67.4, 67.5
high-strength structural steels,
633
high temperature solders,
69.145
homogeneously-lined lead, 71.8
hot-short cracking, 65.8
huey test, 65.45

immediate temperature solders,
69.143

impact resistance, 66.19

impact strength, 69.99

inclusions, 69.85

incomplete penetration, 69.84

inconel, 67.32

induction brazing, 73.62

induction welding, 63.44

inert-gas atmospheres, 73.62

ingot iron, 61.17, 61.20

inspection, 69.123, 69.154,
64.36, 70.57

intergranular corrosion tests,
65.44

intergranular cracking, 72.15

interpass temperature, 63.10,
64.9

interstitial elements, 73.4

interstitials, 73.8

iron silicate, 61.13

isothermal transformation
diagram, 63.13
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-J-

jigs, 69.81
joint designs, 69.57

-L-

lap joints, 69.11
lead burning, 71.2
lead coating of precoated steel
71.8
lead coating of uncoated steel,
71.9
lIead welding, 71.2
filler metal, 71.4
fuel gases, 71.4
gas welding, 71.3
joint design, 71.4
joint preparation, 71.5
overhand, 71.6
special equipment, 71.3
torch manipulation, 71.5
underhand, 71.7
welding positions, 71.6
lean alloy austenites, 66.17
longitudinal cracks, 69.84
low-alloy steels, 63.2, 63.25,
63.5, 63.6, 63.7
heat treatment, 63.37
joint preparation, 63.18
fow carbon steel, 61.2, 61.3,
72.19, 72.20
low-hydrogen electrodes,
63.21, 63.33, 63.42
low-hydrogen procedures, 61.3,
61.9
low-temperature applications,
63.3
low-temperature solders,
69.143

-M-

machinability ratings, 68.6
magnesiom, 70.2
malleable irons, 62.2
braze welding, 62.11
brazing, 62.11
gas welding, 62.10
shielded metal-arc welding,
62.10
thermit welding, 62.11
manganese bronzes, 68.47
manual gas welding, 61.14
manual welding, 69.54, 69.55,
69.60
martensite, 62.2

mechanical properties, 61.2
medium-carbon steel, 61.2,
61.3, 61.11
meta-stable beta alloys, 73.22
microcleanliness ratings, 63.27
mild carbon steel, 61.2, 61.3
military specifications, 69.152
molybdenum, 74.10
multi-pass welding, 69.49

-N-

nickel, 67.2
filler metal, 67.18, 67.38
nickel-chromium alloys, 67.6,
67.7
nickel-copper alloys, 67.3,
67.7
nickel-chromjum-molybdenum
alloys, 67.6, 67.32
nickel-iron-chromium alloys,
67.6, 67.7
nickel-molybdenum alloys,
67.6
nickel-silicon alloys, 67.4
nickel silvers, 68.11, 68.61
nickel steels, 63.11
nitric acid test, 65.45
nitric hydrofiuoric acid test,
65.45
nodular irons, 62.2, 62.11
braze welding, 62.11
brazing, 62.11
gas welding, 62.10
shielded metal-arc welding,
62.10
thermit welding, 62.11
nondestructive testing, 69.154
non-hardening stainless steels,
64.4
non-heat treatable alloys, 69.3,
69.92, 69.94
normalized steels, 63.3
normalizing, 61.8
notch toughness, 61.2, 61.9,
63.24, 69.104
nuclear pressure vessel, 63.13
nuclear reactor vessel, 63.13

-O-

overhand method, 71.6
overhead welding, 68.20
overlaying, 67.38, 67.41
oxide removal, 69.55, 69.77,
69.116, 69.145

oxyacetylene, 69.62
oxyacetylene cutting, 73.66
oxyacetylene welding, 67.21
oxygen-arc cutting, 67.45
oxygen-bearing coppers, 68.3,
63.6, 68.12, 68.55
oxygen cutting, 63.26, 65.40
oxygen-free coppers, 68.3,
68.6, 68.55
oxyhydrogen, 69.62

-P- -

pearlite, 62.2
phosphor bronzes, 68.9, 68.45,
68.58
phosphorus-deoxidized
coppers, 68.3, 68.6
pickling, 68.66
pig lead, 71.2
ASTM standard specification
for piglead b 29, 71.2
pipe, 71.5
plasma arc cutting, 69.72,
69.73, 67.45, 70.54, 65.41
plasma arc welding, 65.22,
61.8, 73.40
porosity, 69.85, 69.89, 61.16,
73.30
postheat, 61.11
powder cutting, 65.40
powdered metal cutting, 73.66
precious metals, 74.2, 74.11,
74.13
precipitation-hardenable alloys,
67.10, 67.11, 67.13,
67.17, 67.19, 67.21, 67.22
precipitation hardenable
stainless steels, 65.12
precleaning, 69.141
preheat, 61.11, 63.22, 63.23,
64.9, 70.25, 69.67, 69.81
pressure gas welding, 67.23
pressure welding
gold, 74.15
magnesium, 70.51
silver, 74.16
pressure vessel, 63.3, 63.11,
63.12, 63.13
pre-weld cleaning, 69.66, 69.77
projection welding, 68.21,
67.34, 72.19, 65.31
pulsed current, 69.33
puised-power welding, 68.20
pulsed-spray welding, 69.46
pulsing modes, 61.4

_




-Q-

quality control, 69.151

quenched and tempered steels,
63.11, 63.14, 63.15,
63.24, 63.25

-R-

radiographic inspection,
69.154, 70.57

reaction flux soldering, 69.146

reactive metals, 74.2, 76.6

reactor shielding design
manual, 71.11

refractory metals, 74.2, 74.6

repair welding, 66.26, 69.88

resistance soldering, 69.148

resistance welding, 65.28,
63.44, 67.23, 70.36, 72.7,
72.11,72.18,73.57,
69.109, 69.118, 68.20,
68.35, 68.37, 68.43, 61.7,
61.14, 61.19, 74.16, 74.3,
74.4, 74.15

rimmed steel, 61.4, 61.17

root passes, 61.7

-S-

safety precautions, 71.10,
72.22, 73.67
schaeffler diagram, 65.9, 65.39
seam welding, 68.21, 63.35,
64.26, 65.30, 67.25,
70.49, 72.7, 72.9, 72.18,
73.59, 69.109, 69.127
secondary shielding, 73.33
semiautomatic arc welding,
66.25
semiautomatic welding, 69.39
shear strength, 68.65
shielded metal-arc welding
aluminum, 69.68, 69.69
austenitic manganese steel,
63.23
chromium-molybdenum,
64.22
copper, 68.14
copper-aluminum alloys,
68.36
copper-nickel-zinc alloys,
68.43
copper-tin alloys, 68.35
grey cast irons, 62.5
heat-treated carbon steels,
61.8

low alloy steels, 63.33, 63.41
low carbon steels, 61.4
malleable irons, 62.10
manual for ingot iron, 61.19
nickel, 67.12
nodular irons, 62.10
stainless steel, 65.14
wrought iron, 61.14
zinc, 72.13
shielding gases, 61.4, 67.14,
67.17, 73.38, 69.36
short-circuiting arc, 64.24,
72.15
short-circuiting transfer, 63.43,
72.15
side shield, 73.33
silicon-bronzes, 68.38, 68.45,
68.59
silver-based alloys, 74.6
single phase equipment, 69.112
slope control equipment,
69.112
snipeing, 69.16
soldering, 68.63
aluminum, 69.142
creep strength, 68.65
fluxes, 68.64, 65.38
gold, 74.15
magnesium, 70.56
nickel, 67.43
shear strength, 68.65
silver, 74.16
tensile strength, 68.65
zine, 72.9, 72.11, 72.20
soldering irons, 69.146
solders, 69.143, 65.38
solid electrodes, 66.23
solid-solution-strengthened
alloys, 67.3, 67.13, 67.17,
67.18, 67.21, 67.22, 67.24
solid state bonding, 68.21
solid state welding, 69.133,
73.43, 74.4
solution annealing, 65.42
solution treatment, 73.20
spatter formation, 72.15
special coppers, 68.6, 68.56
split weave technique, 68.15,
68.19
spot brazing, 68.21
spot weld defects, 69.121
spot welding, 68.20, 63.11,
63.35, 64.26, 67.23,
70.36, 72.9, 73.58,
69.109, 69.118, 65.28
spot welding schedules, 69.119
spray transfer, 68.18, 68.19,
68.38, 63.43, 64.24, 69.33
spray-type arc, 68.31, 68.36
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square wave AC welding; 69.58
stainless steel, 65.2
stainless steel electrodes, 65.14
stored energy equipment;
69.111
straight chromium stainless
steels, 64.2
straight polarity direct current,
69.59
strain-age cracking, 67.12
stress-corrosion cracking,
68.53, 65.11
stress distribution, 69.15
stress relieving, 63.11, 73.19,
73.28
stress risers, 68.18
“string bead” technique, 68.15,
63.25, 69.44
structural fabrication, 63.3
structural steel, 61.2
stub burnoff control, 69.52
stud welding, 69.68, 70.53
submerged arc welding
carbon steels, 61.4, 61.9
chromium/molybdenum,
64.24
ingot iron, 61.20
low alloys, 63.42, 63.35 -
nickel, 67.19
stainless steel, 65.23
zinc, 72.17
sulfurized steels, 61.3
surface contact resistance,
69.117
surface treatment, 69.82
surfacing, 68.48

-T-

tack welding, 69.80

tee joints, 69.12

tellurium lead, 71.2

temper designations, 69.19

tempering, 63.17, 63.27, 63.38

tensile strength, 68.65

tensile testing, 69.157

testing, 69.123, 69.154, 65.44

thermal cutting, 67.43, 73.65

thoriated tungsten electrodes,
69.59

three-phase equipment, 69.112

time-temperature-
transformation, 64.4

tin bronzes, 68.45, 68.47

titanium and titanium alloys,
73.2

alpha alloys, 73.15, 73.21
alpha-beta alloys, 73.15,

73.21
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commercially pure alloys,
73.15
filler metal, 73.39
heat treatment, 73.13, 73.18
meta-stable beta alloys,
73.15, 73.22
preweld cleaning, 73.28
safety precautions, 73.67
toe cracking, 63.19
torch brazing, 70.55, 73.63,
69.141
torches, 69.64
torch soldering, 69.146
torch tips, 69.64
trailing shield, 73.33
transition alloys, 64.18
transition current, 69.33
transition piece, 69.15
transition temperature, 74.7
tough pitch copper, 68.55
transfer modes, 61.4
tungsten, 74.10
tungsten-electrode, 67.15
tunneling, 68.19

-U-

ultrasonic dispersion, 69.145
ultrasonic soldering, 70.56
ultrasonic testing, 69.155
ultrasonic welding, 69.134
underbead crack, 63.8
undercutting, 69.85
underhand method, 71.7

.upset welding, 65.31

u.s. navy grades, 63.13

-V-

vacuum-purged chambers,
73.37

ventilation, 72.23

vertical welding, 68.20

visual examination, 69.154

-W-

weave bead, 68.41, 63.25

white iron, 62.2

work hardening, 66.8, 61.21
wrought aluminum alloys, 69.3
wrought iron, 61.13

-X-

yield stress controlled welding,
73.45

-Z-

zinc and zinc alloys, 72.2
filler metals, 72.3, 72.4

zinc casting alloys, 72.6

zinc oxide, 72.23

zinc-rich coatings, 72.22

zircaloys, 74.3

zirconated electrode, 69.55

zirconium, 74.2

zirconium-copper, 68.6, 68.21
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A
AASHO Specifications, Highway
Bridges, 82.2, 5, 6
ABS Rules, Steel Vessels, 84.3; 88.3
Advanced gas-cooled reactor, 87.4
Age-hardening, 84.4
Air carbon-arc cutting, 81.24, 25
Aircraft, 91.1-40
aluminum, 91.3, 34
arc-spot welding, 91.19, 20
arc welding, 91.14-22
austenitic stainless steel 91.7
brazing, 91.26-33
bonded honeycomb, 91.39
brazed honeycomb, 91.39
brazing, 91.38, 39
alloys, 91.26
butt seam welding, 91.25
copper, 91.28, 29
design criteria, 91.22
electron beam welding, 91.21, 22
flash welding, 91.24, 25, 38
foil butt welding, 91.25, 26
gas metal-arc welding, 91.18, 19
gas tungsten-arc welding, 91.16, 17
induction brazing, 91.32, 33
inspection, 91.28
magnesium, 91.34
magnesium alloys, 91.3-5
materials, 91.2-12
military process specifications,
91.14
military specifications, 91.33-39
nickel-base alloys, 91.10, 11, 29
oxyacetylene welding, 91.19
plasma-arc welding, 91.21
resistance welding, 91.22-26, 37
shielded metal-arc welding, 91.17,
18
silver, 91.29
spot and seam welding, 91.37, 38
stud welding, 91.20
super-alloys, 91.11, 12

titanium, 91.21, 37
alloys, 91.3-7
ultra-high-strength steels, 91.12, 13
vacuum furnace brazing, 91.32
welder qualification, 91.14
welding processes, 91.13, 14
AISC Specifications, 81.2, 3, 7-9, 20,
22
Aligning of pipe, 85.61
Alpha-beta filler metals, 94.49, 50
Alpha filler metals, 94.49
Aluminum, 91.22, 34
alloys, 91.3;92.3-10
effect, 91.9
filler metals, 94.34-40
freight cars, 89.37-40
base metals, 89.38
car ends, 89.39
cleaning, 89.39
design, 89.37
fabrication, 89.39
partitions, 89.39
roofs, 89.40
sides, 89.40
underframe, 89.39
welding, 89.39
American Association of State High-
way Officials (See AASHO list-
ings)
American Bureau of Shipping, 88.3,
8, 10 (See also ABS listings)
American National Standards Insti-
tute (See ANSI listings)
American Petroleum Institute (See
API listings)

American Society of Mechanical
Engineers (See ASME listings)
American Society for Testing and
Materials (See ASTM listings)
American Water Works Association

(See AWWA listings)
American Welding Society (See AWS
listings)
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ANSI Code for Pressure Piping, 85.3,
58
API 5L, Line Pipe, 86.3, 18
API 1104, Welding and Related
Facilities, 86.3, 15
API Field Welding of Pipe Lines,
85.4
API specifications, 84.37
Applied liners (See clad steel)
Arc-gouging, 88.14
Arc-spot welding, 91.19, 20
Arc variables, 91.14
Arc welding, 91.14-22
filler metals and fluxes, 84.7
AREA Manual for Railway Engineer-
ing, 82.3,9
Argon, 91.16
ASME Boiler & Pressure Vessel Code,
84.3,5, 6,9, 12, 19, 30, 32, 34,
35,40;85.4,5,8;89.35
ASME Gas Transmission and Dis-
tribution Piping Systems, 85.4
As-rolled steels, 88.8
Assembly, 82.23
Assembly of piping
dimensional allowances, 85.50
joint preparation, 85.49
layout and assembly, 85.49
tack welding, 85.51
welding processes, 85.52
Association of American Railroads,
89.35
ASTM A6,81.3
ASTM A105, 86.25
ASTM Al134,86.18
ASTM A139,86.18
ASTM A307,81.3
ASTM A325,81.3
ASTM Standards, 85.5
Atmospheric corrosion resistance,
81.27
filler metal for, 82.5
steel for, 82.3
Austenitic stainless steels, 84.6;91.7,
19;94.55
Austenitic stainless clad steels, 93.12,
14

Automatic field girth-welding equip-
ment, 84.37
Automatic fusion welding, 90.3
Automatic submerged arc, 84.18
Automotive products, 90.1-32
chassis applications, 90.7-17
frames, 90.7-12
fuel tanks, 90.13, 14
propeller and drive shafts, 90.14
rear axle housing, 90.12, 13
side rails, 90.12
wheels, 90.14-17
engine applications, 90.4-7
aluminum alloy, 90.4, 5
cast iron engine blocks and
heads, 90.4
exhaust systems, 90.5, 6
fuel lines, 90.
oil filters, 90.7
oil pans, 90.6, 7
radiators, 90.5
valve mechanisms, 90.5
miscellaneous applications, 90.27,
28
spring hangers, 90.28
spring frames, 90.28
torque converters, 90.27, 28
special vehicles, 90.28-32
commercial buses and coaches,
90.28, 29
tractors, 90.31, 32
trailers, 90.30, 31
trucks, 90.29, 30
welding processes, 90.17-28
arc welding, 90.23 -
brazing, 90.25
electron beam welding, 90.26, 27
flash welding, 90.22
friction welding, 90.26
gas metal-arc spot welding, 90.23
gas welding, 90.24, 25
multiple spot welding, 90.18-20
portable spot welding, 90.20, 21
projection welding, 90.21
seam welding, 90.22
soldering, 90.25, 26
spot welding, 90.17-21




stationary spot welding, 90.17,
18
stud welding, 90.23, 24
AWS-AISC Advisory Group, 81.9
AWS Standards, 85.5
AWS Structural Welding Code, 81.2,
3,17, 22, 26; 82.2, 3, 5, 11, 17,
18, 20, 24
AWS Welding Practices, 85.5
AWWA Standards, 85.4
AWWA (201, Fabricating Elec-
trically -Welded Steel Water Pipe,
86.18
AAWWA  C202, Mill-Type Steel
Water Pipe, 86.18
AWWA (203, Coal-Tar Enamel
Protective Coatings for Steel
Water Pipe, 86.19
AWWA C205, Cement-Mortar Pro-
tective Lining and Coating for
Steel Water Pipe, 86.19
AWWA (206, Field Welding of
Steel Water Pipe Joints, 86.19
AWWA C207, Steel Pipe Flanges,
86.19, 20
AWWA C208, Dimensions for Steel
Water Pipe Fittings, 86.19
AWWA C602, Cement-Mortar
Lining of Water Pipelines in
Place, 86.19

B

Back gouging, 81.19, 20, 22; 82.19
air carbon-arc, 82.19

Backing, 81.21; 82.18, 19
bars, 84.39
rings, 86.7

Backstep welding, 88.33

Barge, 88.2

Base metal, 81.4
quality, 81.5

Base metals, piping
dimensional standards, 85.6, 22
ferrous, 85.6
material standards, 85.6, 22
nonferrous, 85.21
tolerances, 85.6, 22, 50
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weldability, 85.7, 23
Basic oxygen metals, 83.3
Battery welding, 90.4
Beam seats, 81.13
Bearing joints, 81.3
Beta filler metals, 94.50
Blanket heating, 91.29
Bolsters, locomotive, 89.4

railway car, 89.18
Bolts

ASTM A307,81.3

ASTM A325,81.3

erection, 81.31

high strength, 81.3

in friction-type joints, 81.3
Bonded honeycomb, 91.14, 39
Braze-bonded cladding, 84.46
Brazed honeycomb, 91.14, 29, 39
Braze welding

for pipe, 85.55

processes, 85.55
Brazing, 90.25; 91.13, 14, 26-33, 38;

93.4

for pipe, 85.45

processes, 85.55
Brazing filler metals, 94.58-65
Bridges, 82.1-26
Brittle fracture, 81.5
Buckling, 81.15
Buildings, 81.1-34
Built-up members, 8§1.3
Bulkhead stiffeners, 88.15
Burn-thru, 81.19, 20; 82.17
Buttering clad steel pipe welds, 85.19
Butt-welded pipe, 86.5

C

Cabs and hoods, locomotive, 89.5
Calculated stress, 81.3
Cantilever beam, 81.13
Carbon-arc welding, 94.32
Carbon steels, 88.2
Carrier-borne aircraft, 91.25
Cascade welding, 88.33
Cast ceramic platens, 91.31
Cast iron, 90.4

filler metals, 94.32-34
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Catapult hook, 91.25
Cellulose, 94.8
Ceramic-coated stainless steel, 92.15
Cesium, 84.31
Chambers for end closure welding
atmospheres, 87.24
fuel rod handling in, 87.24
purification systems, 87.24
Charpy V-notch test, 81.5; 83.3;
86.24;88.8,92.13, 14
Chemical tests, 81.7
Chem-milling, 92.7
Chill platens, 91.32
Chord sections, 81.16
Chromate protective coatings, 92.4
Chromium-nickel filler metals,
94.24-32
Chromium stainless steels, 84.6
Clad steels, 84.6, 7
Clad steel and applied liners, 93.1-26
codes & specifications for, 93.20
fabricating clad steel, 93.13-20
blind joints, 93.19, 20
cleaning clad plate, 93.13
cutting, 93.13
forming, 93.13
welding clad steel plate, 93.14-18
welding copper clad steel, 93.18,
19
heat treatment, 93.12
inspection of, 93.24, 25
other inspection methods, 93.25
pressure testing, 93.24, 25
weld overlay cladding, 93.4-10
characteristics, 93.5
for corrosion resistance, 93.10
inert gas processes, 93.9, 10
metallurgy of, 93.10-12
submerged arc welding processes,
93.6-9
granular metal technique, 93.9
multiwire technique, 92.8
series-arc technique, 93.8
single-wire technique, 93.6-8
strip process, 93.8
sheet or strip lining, 93.21-25
attachment of liners, 93.22, 23

description and materials, 93.21

filler metal, 93.21

liner design, 93.21, 22

method of strip lining, 93.23, 24

pre-lining flat surfaces, 93.22
types of clad steels, 93.2-4

cladding by explosion welding,

93.3
furnace braze-cladding—in vac-
uum, 93.4

furnace braze cladding with flux
or atmosphere, 93.4
press-braze cladding, 93.4
roll cladding, 93.2, 3
weld overlay cladding, 93.4-10
Clamps, 81.31
Cleaning and finishing of welded
piping, 85.61
CO, mold process, rail welding,
89.46
Cobalt, 84.30;92.18
Codes
ANSI A58.1, 81.8
ANSI B31.8, 86.15
ASME Boiler & Pressure Vessel,
86.15,21,25;90.31
AWS Structural Welding, 81.2, 3,
7,8,9, 20,26 .
Basic Building, 81.4
National Building, 81.4
Southern Building, 81.4
Uniform Building, 81.4
Coefficient of expansion, 93.11, 12
Cold cathode counting tubes, 91.20
Cold welding, 90.4
Column base plates, 81.11
welded, 81.12
Column splices, 81.13
Commuter car, railway, 89.13-25
bolster, 89.18
draft sill, 89.18
end assembly, 89.14 .
end design and construction, 89.21
fabrication, 89.16
final assembly, 89.14, 21
floor assembly, 89.14
maintenance and repair, 8§9.21




materials, 89.13
roof assembly, 89.14
roof design and construction,
89.21
side assembly, 89.14
side design and construction, 89.19
side sills, 89.16
underframe design, 89.16
welding applications, 89.13
Complete penetration welds, 81.13,
17,20, 21
Constant current, 93.6
Constant voltage, 93.6
Construction types, 81.7
rigid'frame, 81.7
semi-rigid frame, 81.8
simple frame, 81.7
Continuous fillet welds, 81.3
Control rods, 87.30, 31
brazing of, 87.30
cruciform-type, 87.30
fabrication of, 87.30
quality control for, 87.31
T-type, 87.30
welding of, 87.30
Conventional atmosphere furnace
brazing, 91.30
Cooper E system, 82.8
Copes, 82.21, 24
Copper, 91.28, 29
Copper-aluminum filler metal, 94.44
Copper-base electrodes, 94.33
Copper-base welding rods, 94.33
Copper-clad steel, 93.18
Copper filler metals, 94.43-45
Copper-nickel filler metals, 94.45
Copper-silicon filler metals, 94.44
Copper-tin filler metals, 94 .45
Copper-zinc filler metals, 94.45
Consumable inserts
for piping welds, 85.8, 26, 40
joint designs for, 85.40
Core internals, 87.43-46
core barrel, 87.44
other weldments, 87.46
stress relieving of, 87.45
support columns, 87.46
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thermal shields, 87.46
welding processes for, §7.44
Corrosion protection, 90.2
Corrosion-resistant chromium filler
metals, 94.24-32
Covered floating roof tank, 83.6
Creep strength, 84.4
Croning process, rail welding, 89.46
Cryogenic storage tank, 83.9
Cylindrical storage tank, cone roof,
flat bottom, 83.5
Cylindrical vessels, 84.44
Cylindrical water standpipe, 83.7
with conical roof, 83.9
with domed roof, 83.7

D

Deck beams, 88.15
Defects
cracks, 81.33
inadequate joint penetration, 82.19
porosity, 81.33
slag, 81.33
undercut, 81.33
Dial welding machine, 90.17
Di-electric blanket, 91.31
Department of Defense, 91.34
Deposition speed, 93.5
Details, 82.15
Diffusion bonding, fuel bundle end
fittings, 87.30
Dilution, 93.5
Dissimilar base metals, 85.31
brazing procedures for, 85.33
design of joints for, 85.33
electrodes for, 85.31
soldering procedures for, 85.33
welding procedures for, 85.32
Distortion
control of, 81.28, 29
in fit-up and welding, 81.30
in preparation, 81.30
of piping welds, 85.56
Ditch-digging machines, 86.7
Domed-roof tank, 83.6
Domes, 92.6
Drop-weight tests, 86.24
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Diesel engine, locomotive, 89.5
crank-case, 89.5
cylinder head valve seats, 89.11
frame, 89.5
materials, 89.6
valve repair, 89.10
welding processes for, 89.6
Dye penetrant, 84.32; 88.36;92.9
Dynamic loading, 88.15

E

Eddy current clutches, locomotives,
89.11
Edge conditioning, 84.17
Effective throat, fillet welds, 81.3,
22
Electric-blanket brazing, 91.31
Electric furnace metals, 83.3
Electrodes, 82.3; 86.4
care and storage of, 81.27; 94.15
flux cored arc welding, 94.19-23
gas metal-arc welding, 94.16
low-hydrogen, 91.35; 94.5
shielded metal-arc welding, 94.5
submerged arc welding, 94.14
Electrogas welding, 81.5, 26; 83.12;
88.10
Electron beam welding, 90.26, 27;
91.21-27,92.14
conditions for, 87.17, 19
fuel rods, 87.7, 11,17, 18
of fuel bundle end fittings, 87.30
of fuel rod bundle spacers, 87.28
spiking in, 87.17
ultrasonic inspection of, 87.18
Electronic d-c timers, 91.20
Electro-pneumatic automatic feed
system, 90.24
Blectroslag welding, 81.5, 26; 84.23;
88.10
Emissivity coatings, 91.32
End closures, fuel rods
blowouts, 87.17
brazing filler metals for, 87.23
chambers for welding, 87.24
double closure, 87.12
furnace brazing of, 87.22

heat sink for, 87.9
laser welding of, 87.22
machining of, 87.8
nondestructive testing of, 87 21
single welded, 87.11
threading of, 87.8
tolerances for, 87.8
types of, 87.11
welding conditions for, 87.14
welding of, 87.11
End rotation, 81.14, 15
End shears, 82.9
Engine blocks, 90.4
Engine control rods, 91.24
Engine heads, 90.4
Erection, 82.23
bolts, 82.23
in field, 82.23
in shop, 82.23
of buildings, 81.30
Ethyl acetate, 91.15
Everdur, 94.44
Examination
destructive, 82.26
nondestructive, 82.26
visual, 82.25
Expansion joints, 86.28
sleeve-type, 86.28
Explosion-bonded cladding, 84.46,
47
Explosion forming, 84.17
Explosion welding, 93.3

F
Fatigue, 88.15
Faying surface, 81.3
Feather edge, 81.19, 20; 82.18
Fiber glass, 92.2
Field-welded storage tanks, 83.1-14
design, 83.4-11
steel plates, 83.10
types of tanks, 83.4 )
unit stresses, 83.10, 11
welding details, 83.11
welds, 83.11
general characteristics, 83.2
governing codes, 83.2-3




inspection and testing, 83.12

metals, 83.3, 4
ASTM A283 steel, 83.3
copper-bearing steels, 83.4
other metals, 83.4
plain carbon steel, 83.3
plates, 83.3
structural, 83.4

workmanship, 83.11, 12
cleaning between passes, 83.12
surface preparation, 83.12
treatment of weld root, 83.12
weather conditions, 83.12
welder and welding operator

qualifications, 83.11
welding processes, 83.12
Filler metals, 82.3, 5; 94.1-66

aluminum and aluminum-alloy,
94.34-40

AWS classification system, 94.4, 5

bare arc-welding rods and elec-
trodes, 94.3

bare mild steel electrodes, 94.14-16
storage, 94.15, 16
use, 94.15

brazing filler metals, 94.58-65

chromium-nickel, 94.24-32

copper and copper-alloy, 94.43-45

corrosion-resistant chromium,
94.24-32

covered arc-welding rods and elec-
trodes, 94.3, 6

electrodes for gas metal-arc weld-
ing, 94.16-23

electrodes and fluxes for sub-
merged arc welding, 94.14-16

electrogas, 81.5

electroslag, 81.5

for brazing end closures, 87.23

for cast iron, 94.32-34

for diesel engine welding, 89.6

*for freight cars, 89.28, 34

for generator frames, 89.7

for locomotive welding, 89.5

for tank cars, 89.36

flux cored arc, 81.5,6

gas metal-arc, 81.5, 6
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gas welding rods, 94.23, 24
identification, 81.6
low-alloy steel, 94.5-24
magnesium and magnesium-alloy,
94.45-48
mild steel, 94.5-24
nickel and high-nickel alloy,
94.40-43
packaging, 94.3
shielded metal-arc, 81.6, 9
specifications, 85.7, 24, 27; 94.3-5
storage, 81.6
submerged arc, 81.5,6
surfacing, 94.52-58
titanium and titanium-alloy,
94.48-52
Fillet welds, 81.22; 82.11, 19
continuous, 81.3
effective length, 81.3
effective throat, 81.3, 22
intermittent, 81.3; 82.15
minimum size, 8§1.11
submerged arc welding, 81.3
Firebox grade quality, 84.4, 15
Firing-line welders, 86.8, 9
Fission gases, 87.9
Fittings
brazing, 85.46
soldering, 85.47
welding, 85.44
Flame cutting, 88.14
Flame straightening, joint bars, 89.53
Flange grade quality, 84.4, 15
Flash welding, 90.16, 22;91.38
equipment, 89.45
of rails, 89.45
upset removal, 89.45
Flat cars, special purpose, 89.33
Vert-A-Pac cars, §9.33
Flatness of welded girder webs, 81.3
Flat tank bottoms and shells, 83.13
Fluorescent penetrant, 84.32
Flux cored arc welding, 81.5; 88.9;
90.11;94.19-23
Fluxes, 82.3
care and storage of, 81.27
Foil butt welding, 91.25, 26




8 / Index

Forming steel plates, 84.17
Framed connections, 81.13
Freight cars, 89.26-42
aluminum, 89.37-40
brakes, 89.26
covered hopper, 89.31
draft components, 89.41
ends, 89.31
open hopper, 89.31
sides, 89.29
truck components, 89.42
trucks, 89.26
underframe, 89.26
Friction-type joints, 81.3
bolts in, 81.3
Friction welding, 90.26
Frogs and crossings welding,
89.57-63
grinding, 89.58, 62
manganese steel, 89.57
open-hearth steel, 89.60
preparation, 89.57
procedures, 89.59-63
repair sequence, 89.61
under traffic, 89.59
weld limits, 89.57
Fuel bundle end fittings, 87.29
diffusion bonding of, 87.30
electron beam welding of, 87.30
furnace brazing of, 87.30
gas tungsten-arc welding of, 87.30
resistance welding of, 87.30
Fuel bundle spacers, 87.27
electron beam welding of, 87.28
furnace brazing of, 87.28
gas tungsten-arc welding of, 87.28
resistance welding of, 87.28
springs for, 87.29
Fuel pellets, 87.9
Fuel rods, 87.4-30
atmosphere, 87.9
cladding collapse, 87.26
cladding metal, 87.6
electron beam welding of, 87.7
end closure design, 87.6
end plugs, 87.7
examination, 87.7

helium backfilling of, 87.10, 25

pressurizing, 87.25

vent holes in, 87.25
Fuel tanks, locomotive, 89.8

filler metals for, 89.9

welding processes for, 89.9
Furnace brazing

chambers for, 87.24

of end closures, 87.22-24

of fuel bundle end fittings, 87.30
Fusion welding, 91.4,7, 10,13
Fusion welding, magnesium alloys,

91.34

G

Galvanizing, 88.15
Gamma rays, 84.31; 86.17
Gas-fired luminous-wall furnace,
91.30
Gas metai-arc spot welding, 91.20
Gas metal-arc welding, 81.5, 26;
84.20, 22; 86.3; 88.9; 90.10, 23;
91.6, 18,19;92.3, 10, 19;93.9,
10;94.16-23
Gas metal-arc welding-auxiliary wire,
93.10
Gas metal-interrupted-arc welding,
935
Gas pressure welding,
cleaning for, 89.44
of rails, 88.43
Gas tungsten-arc welding, 84.20, 22,
23;90.5;91.5,6,9, 16, 17;92.3,
10, 14, 19;93.5
for fuel rods, 89.9, 11,12, 14
for tube-to-tube sheet welds, 87.41
of fuel bundle end fittings, 87.30
of fuel rod bundle spacers, 87.28
Gas welding, 84.23
Generator frames, locomotive
welding processes for, 89.7
Girth joints, 86.30, 31
Gore segments, 92.6
Gravity-feeding mechanism, 88.20
Groove welds
included angle, 81.17, 18




root face, 81.17, 19-21
root opening, 81.17, 18, 21
types, 81.17

Gusset plates, 81.15,16

H

Hardening
box for, 89.63
rail end, 89.63
Hastelloy, 94 .43
Heat-affected zone, 88.32
Heat exchangers, nuclear, 87.39-43
base metals for, 87.40
gas tungsten-arc welding of, 87.41
joint designs for, 87.40
operating conditions, 87.39
tube-to-tube sheet welder for,
87.41
welding methods for, 87.40
weld overlay cladding of, 87.40
Heating, Piping and Air-conditioning
Contractors National Associa-
tion, 85.5
Heat treatment
furnace heating for, 85.57, 59
induction heating for, 85.57, 58
metallurgical, 85.60
methods of, 85.57
of piping welds, 85.56
pipe support during, 85.60
resistance heating for, 85.57, 58
temperature control for, 85.59
torch heating for, 85.57
Helium pressure vessel, 91.6
Herculoy, 94.44
Hermetic sealing, fuel rods, 87.10
High frequency, 84.32
High strength bolts, 81.3
Hoop stress, 84.43
Hoover Dam, 86.2
Hopper cars, covered, 89.31
car ends, 89.32
partitions, 89.32
sides, 89.32
underframe, 89.32
Hopper cars, open, 89.31
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car ends, 89.32

partitions, 89.32

sides, 89.32

underframe, 89.32
Hot-pass welders, 86.8, 9
Hot-rolling, 84 .41
Hull structures, 88.15
Hull Welding Manual, 88.36
Hydrogen, 84.36
Hydrostatic testing, 84.34; 86.18,

34;90.4;93.24, 25

Hypersonic vehicles, 91.11

Impact, 82.6,9
Included angle, 82.17
Inconel, 94.41
Induction brazing, 91.32, 33
Industrial piping, 85.1-66
Inspection, 81.32, 33
destructive, 85.64
leak tests, 85.64
liquid penetrant, 81.33, 34
magnetic particle, 81.33, 34;91.34
methods, 82.25
nondestructive, 85.63
of pipe welds, 85.62
of rails, 89.47
preliminary, 85.62
qualification, 82.24
quality control, 82.24
radiographic, 81.33, 34;91.35
requirements, 82.24
requirements, aircraft, 91.34
service tests, 85.66
ultrasonic, 81.33, 34
visual, 81.33; 85.62
Instrumentation cart, 91.22
Intermittent fillet welds, 81.3
Intermittent welding, 88.33;90.4
Internally insulated vessels, 84.45
Interpass temperature, 82.3, 17
Interstate Commerce Commission,
89.35
Iridium, 84.30
Irons, 94.55
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J
Jigs and fixtures, 81, 30, 31
Joint bars, railway
flame straightening, 89.53
preparation, 89.53
procedure, 89.53
Joint design, 86.6
Joint designs for pipe welds,
backing rings, 85.34
butts, 85.33
consumable inserts, 85.40
end preparation, 85.34
fillet welds, 85.42
groove welds, 85.33
intersection type, 85.42
socket welds, 85.42
unequal wall thickness, 85.33
Joint preparation
buttering, 85.19
for brazing, 85.44
for clad steel pipe, 85.19
Joints
butt, 82.16
corner, 82.15
friction-type, 81.3
prequalified, 82.16, 17
tee, 82.15
welded, 82.15
Journal boxes, repair of, 89.13

K .
Kinetic energy, 91.22

L

Laser welding
of end closures, 87.22
of vent holes, 87.26
Launch vehicles, 92.1-26
aluminum alloys, 92.3-10
defects, 92.8-10
inspection, 92.8-10
mechanical properties, 92.7, 8
low-alloy steels, 92.13-16
defects, 92.16
inspection, 92.16
mechanical properties, 92.15, 16

metallurgical characteristics
92.13 ’
maraging steels, 92.16-26
defects, 92.26
inspection, 92.26
mechanical properties, 92.24
metallurgical characteristics,
92.16, 17
pressure vessels materials selection,
92.2,3
titanium alloys, 92.10-13
defects, 92.11-13
inspection, 92.11-13
Lay barges, 86.15
Lead welded joints, 85.47
Lime coverings, 94.31
Lime-titania coverings, 94.32"
Light water reactors, 87.4

‘Liners, 88.30

Liguid metal breeder reactors, 87.4
Liquid nitrogen, 91.31
Liquid penetrant inspection, 83.13;
86.33;92.26
Liquid propellants, 92.3
Liquid propellant tanks, 92.10
Liquid storage tankage, 92.3
Lloyd’s Rules and Regulations, 84.3
Load
concentrated, 82.5
dead, 82.11
lane, 82.5
live, 82.5
uniform, 82.5
Loads
dead, 81.8
fatigue, 81.8
impact, 81.8
live, 81.8
seismic, 81.8
vibration, 81.8
wind, 81.8
Loadings
highway bridge, 82.5
HS type, 82.5
H type, 82.5
railway bridge, 82.8
Locomotive, 89.1-13




accessory equipment, 8§9.8
air reservoirs, 89.9
bolsters, 89.4
cab and hoods, 89.5
components, 89.2
diesel engine, 89.5
electrical cabinets, 89.8
exhaust manifolds, 89.10
exhaust mufflers, §9.10
fuel lines, 89.9
fuel tanks, 89.8
generator frames, 89.7
lubricating oil lines, 89.9
traction motor frames, 89.8
truck frames, 89.8
underframe, 89.3
water tanks, 89.8
Locomotive welding
filler metals, 89.5
processes, 89.5
Low-alloy steel covered arc-welding
electrodes, 94.3, 14
Low-alloy steel filler metals, 94.5-24
Low-alloy steel flux covered elec-
trodes, 94.21, 22
Low-alloy steels, 84.5, 37; 88.2;
92.13-16
Low-carbon steel, 86.19;90.2
Low-hydrogen covered electrode,
88.10, 14;93.18;94.11-14
Low voltage-high current trans-
former, 90.4

M

Machine calibration, 91.22
Macrosection examination, 91.23
Magnesium, 91.34
alloys, 91.3-5
filler metals, 94.45-48
Magnetic force resistance welding
of end closures, 87.19
metallographic examination of,
87.21
nondestructive testing of, 87.21
Magnetic particle inspection, 83.13;
84.31; 86.24, 33, 88.36,92.26
Maintenance and repair of
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car trucks, 89.23
cylinder heads, 89.11
cylinder head valve seats, 89.11
diesel engine frames, 89.11
diesel engine valves, 89.10
eddy current clutches, 89.11
freight cars, 89.40-42
journal boxes, 89.13
locomotive components, 89.10
miscellaneous parts, 89.25
passenger cars, 89.21
reverser contacts, 8§89.12
roofs, 89.24
side framing, 89.24
traction motors, 89.12
truck components, 89.42
underframes, 89.23
Manometer, 91.30
Manual shielded metal-arc welding,
84.20; 86.3, 8-10; 88.9; 90.10,
11,23;91.10

Manual torch, oxyacetylene, 91.29
Maraging steels, 92.16-26
Martensitic steels, 94.54
Maximum allowable working pres-
sure, 84.8
Maximum allowable working temper-
ature, 84.8
Mechanical tests, 81.7
Melt-thru, 82.20
Members
built-up, 81.3
composite, 81.28, 29
tension, 81.15
web, 81.15, 16
Metallic materials, flight vehicle
structures, 91.34
Metals
for core internals, 87.44
for heat exchangers, 87.40
for nuclear pressure vessels, 87.34
for neutron irradiation of, 87.34
Methyl-ethyl ketone, 91.15
Mild steel covered electrodes, 94.3,
6-11
Mild steel electrodes, 94.34
Mild steel filler metals, 94.5-24
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Military Standards, 85.5; 91.33-39
Molybdenum, 92.18
Moments, 82.9

end, 81.13, 14
Monel, 94.42
Monocoque design, tank cars, 89.35
Monorail conveyer, 91.32

N
Naphtha, 91.15
National Board of Boiler and Pres-
sure Vessel Inspectors, 85.5
National Bureau of Casualty Under-
writers, 85.6
National Certified Pipe Welding
Bureau, 85.5
Negative pressure, 91.31
Nickel-base alloys, 91.10, 11,29
Nickel-base filler metals, 94.40-43
Nickel-chromium-iron filler metals,
94 .41
Nickel-copper filler metals, 94.41
Nickel-molybdenum filler metals,
94 .43
Nondestructive testing, 86.16
Nonelectrode strip, 93.8
Nonferrous materials for piping
aluminum and aluminum alloys,
85.23
brazing processes for, 85.24
welding processes for, 85.24
copper and copper alloys, 85.28
brazing processes for, 85.29
welding processes for, 85.29
lead and lead alloys, 85.31
welding processes for, 85.31
nickel and nickel alloys, 85.25
brazing processes for, 85.28
welding processes for, 85.26
titanium and titanium alloys, 85.29
welding processes for, 85.29
Normalized steels, 88.8
Nosing, 82.9
Notch effects, 81.23
Nuclear power, 87.1-60
codes and specifications. for, 87.32
fuel rods, 87.4

pressure-containing components,
87.31

Nugget diameter measurements,
91.38

0]
Oil-storage tank, floating roof, 83.6
Olympic bronze, 94 .44
Open hearth metals, 83.3
Oscillographic instrumentation,
91.23

Overlap welding, 91.12
Oxyacetylene heating 91.26
Oxyacetylene welding, 86.3; 90.2,

24:91.19; 94.23, 24, 32
Oxygen cutting, 81.24; 86.29; 93.13
Oxyhydrogen process, 91.29

P

Painting, 82.24

Partial penetration welds, 81.17, 22
minimum throat, 81.22
effective throat, 81.22

Peening, 88.31, 32

Penetrant inspection, 91.35

Penstocks, 86.21-35

Petroleum, 83.3, 9

Picture-frame fixture, 91.31

Pipe Fabrication Institute Welding

Standards, 85.4, 8

Piping
assembly, 85.49
codes and standards, 85.3
consumable inserts, 85.8, 24, 26
dissimilar base metals, 85.31
ferrous base metals, 85.6-21
inspection, 85.49 '
materials, 85.2
nonferrous base metals, 85.21-31
workmanship, 85.48

Pistol-type gun, 90.24

Plain carbon steels, 84.5

Plain carbon steel water pipes, 86.30

Plasma-arc cutting, 81.24, 25

Plasma-arc weld cladding, 93.5, 10

Plasma-arc welding, 91.21; 92.10, 14

-

-

.

.



Polargraph recorder, 91.30
Postheating, railway maintenance,
89.52, 61, 62
Postweld heat treatment, piping
welds, 85.7, 56, 59
Pneumatic testing, 84.34, 35
Prebending, 88.33
Precipitation-hardening corrosion-
resistant steel, 91.9, 10
Preheat, 81.27,32;82.3, 17
piping welds, 85.7, 24, 56, 59
railway maintenance, 89.51, 61, 62
Prequalified joints, 81.3,17, 20
Prequalified welding procedures,
81.26
Preparation
edge, 82.22
material, 82.22
Pressure test, 93.24, 25
Pressure vessels and boilers, 84.1-48
design, 84.7-14
formulas, 84.9-13
lamé 84.9
membrane, 84.9
thin plate, 84.10
loading criteria, 84.8
radiographic examination, 84.13
safe limits for loading, 84.9
stress values for ferrous materials,
84.9
supports, 84.14
direct loading, 84.14
weld joints, 84.13
fabrication and shop practices,
84.15-19
forming steel plates, 84.17
plate assembly techniques, 84.19
plate layout and forming prepara-
tion, 84.16
plate quality and inspection,
84.15
preparation for welding, 84.18
structural quality, 84.15
inspection, 8§4.29-33
chemical analyses, 84.33
liquid penetrant, 84.32
magnetic particle, 84.31
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metallographic, 84.33
radiographic, 84.30, 31
sampling by sectioning, 84.33
ultrasonic examination, 84.32
visual, 84.30
metals, 84.4-7
austenitic stainless steels, 84.6
chromium stainless steels, 84.6
clad steels, 84.6, 7
drums, 84.4
filler metals and fluxes, 84.7
low-alloy steels, 84.5, 37
nonferrous, 84.7
plain carbon steels, 84.5
quenched and tempered steels,
84.6
safety codes, 84.2, 3
special vessels
applied liners, 84.46
banded vessels, 84.42-44
braze-bonded cladding, 84.46
corrosion resistant vessels, 84.45,
46
cryogenic vessels, 84.44, 45
explosion-bonded cladding,
84.46, 47
field-assembled vessels, 84.35-39
internally insulated vessels, 84.45
multilayer vessels, 84.42-44
multiwall vessels, 84.42-44
quenched and tempered steel
vessels, 84.40-42
fabrication of, 84.40
mechanical properties of, 84.40
selection of filler metal for,
84.41
selection of welding process,
preheat and interpass
temperature for, 84.41
welding of, 84.41
roll-clad plate, 84.46
thin-walled pressure vessel manu-
facturing, 84.39, 40
weld-metal overlays, 84.47, 48
testing, 84.33-35
hydrostatic, 84.34
mechanical, 84.35
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pneumatic, 84.34, 35
proof, 84.35
routine, 84.35
welding, 84.20-29
economizers, 84.26, 27
electroslag, 84.23
gas, 84.23
gas metal-arc, 84.20, 22
gas tungsten-arc, 84.20, 22, 23
heads, 84.24
heat exchangers, 84.26, 28
metallurgy, 84.23
methods, 84.29
nozzle, 84.24
postheat treatment, 84.25, 26
preheating, 84.24
shielded metal-arc, 84.20
submerged arc, 84.20-22
high amperage welding, 84.21
multiple wire system, 84.21
of low-alloy steels, 84.21
superheaters, 84.26, 28
Pressure vessels, nuclear
additional requirements for, 87.39
cladding or liners for, 87.34
design of, 87.32
filler metals for, 87.35
forgings for, 87.33
for reactors, 87.32-39
hydrostatic test of, 87.38
impact properties, 87.33
metals for, 87.32
plates for, 87.33
postweld heat treatment of, 87.38
service requirements, 87.32
stress-corrosion cracking, 8§7.33
welding conditions for, 87.36-38
welding groove designs for, 87.35
welding of, 87.35
Pressure vessel steels, 84.15; 87.32
Press welding, 90.18
Procedure qualification, 85.5
Procedures, prequalified, 82.17, 20
Process tank, 83.9
Projection welding, 90.21
Punching, 81.13
Purging, 85.27 .
Push-pull welds, 90.19

Q

Qualification,
inspection personnel, 91.34
procedure, 85.5
welder, 85.5

Quality assurance, nuclear plants
inspection for, 87.58
program for, 87.58
requirements for, 87.58

Quenched and tempered steels, 84.6;

86.24,25,88.8, 14

R
Radiant quartz lamp brazing, 91.31,
32
Radiographic examination, 83.13;
84.13, 30, 31; 85.3; 86.16, 17,
33; 88.36; 91.19, 28, 35; 92.26
Rail end hardening, 89.63
box for, 89.63
method, 89.64
special conditions, 89.65
Rails
continuous, 89.42, 45
handling of, 89.47
inspection of, 89.47
welding of, 89.42-47
Railway commuter cars, 89.13
Railway maintenance, 89.48-65
filler metals for, 89.50
frogs and crossings, 89.57
general yard and trackage, 89.48
grinding, 89.49, 52
joint bars, 89.53
preparation for, 8§9.51
rail ends, 89.48
switch points, 89.54
welding processes for, 89.48, 49,
51,52
welding program for, 89.48
Reactions, floor beams, 82.9

" Reaming, 88.26

Re-entrant corners, 81.23
Repair
of defective welds, 81.32
of existing structures, 81.7
of piping welds, 85.55
Repair welding, nuclear plant, 87.51




automatic process for, 87.54
decontamination before, 87.52
joint preparation for, 87.53
personnel for, 87.52
quality of, 87.52
welding head for, 87.53
welding systems for, 87.52
Resistance welding
of end closures, 87.19
of fuel bundle end fittings, 87.30
of fuel rod bundie spacers, 87.28
pipe, 86.5
processes, 90.3, 5, 10, 12, 17-21;
91.4, 14, 22-26, 37
Reverse polarity, 93.6
Reverser contacts, repair of, 89.12
Rigid connections, 81.13, 31
field splices, 81.32
Rim, 90.15
Ring girders, 84.14
Riveting, 88.26
Rivets, existing, 81.3
Rocker arms, 90.5
Rods and wire, steel, welding, 91.35
Roll-clad plate, 84.46
Root face, 82.18, 19
Root opening, 82.17
Run-off bars, 81.28
Rupture strength, 84.4

S
Saddles, 86.26
Salisbury-type of axle housing, 90.13
Salt bath, 91.26
Sandblasting, 93.23
Saturn rocket systems, 92.3, 7
Seamless pipe, 86.5
Seam welding, 90.22; 91.12, 23, 37
Sectioning, 83.13
Section modulus, 81.13
Semi-rigid connections, 81.14
Series welds, 90.19
Shearing, 81.24
Shear waves, 84.32
Shell frames, 88.15
Shell plates, 84.16
Shielded metal-arc welding, 81.3, 5,
9:83.12:93.5:94.32
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Shipping casks, nuclear fuel, 87.55
design of, 87.55
railroad cars for, 87.56
weld design for, 87.57
Ships, 88.1-38
base metal, 88.8, 9
design, 88.14-27
butt joints, 88.25, 26
automatic welding of, 88.25,
26
manual welding of, 88.25
combination of riveting and
welding, 88.26, 27
details, 88.21-25
framing, 88.15-20
joint design, 88.25
governing rules and regulations,
88.3
inspection, 88.36-38
nondestructive test procedures,
88.37
repair instructions, 88.38
welding
filler metal, 88.10-13
high-strength low-alloy steels,
88.14
high-tensile carbon steels, 88.13,
14
processes, 88.9, 10
workmanship, 88.28-36
distortion and cracking, 88.32
fairing tolerances, 88.35, 36
peening, 88.31, 32
Shrinkage, piping welds, 85.56
Sigma phase, formation of, 93.12
Silver, 91.29
Skip welding, 88.33
Slenderness ratio, 81.8
Snipes, 82.21
Society of Automotive Engineers,
Aeronautical Materials Specifica-
tions, 91.33
Soldering, 90.5, 25, 26;91.13
for pipe, 85.46
processes, 85.55
Solid state welding, 91.13
Spacer bar, 82.18
Svecifications
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AISC, 81.2,3
API 650, 83.10
Spherical containers, 84 .44
Spider, 90.15
Spiking in electron beam welding,
87.17
Spiral welding process, 86.5
Splices, 82.19
Spot and seam welding, 91.37, 38
Spot welding, 91.12, 23, 37
Spring-type feeding mechanism,
88.20
Spud barge, 86.14
Stainless steel
bare electrodes, 94.25
explosion bonding of, 84.47
flux cored electrodes, 94.30
welding rods, 94.25
Standards
Canadian Standards Association,
CSA-STANDARDS-B51, 84.3
Tubular Exchanger Manufacturers
Association, 84.3
U. S. Navy
MIL-STD-00248, 84.3
MIL-STD-278, 84.3
NAVSHIPS 250-1500-1, 84.3
Stand-off distance, 84.47
Steel
for bridges, 82.3, 21
for buildings, 81.9
gas welding rods, 94.23, 24
quenched and tempered, 81 .26, 27,
82.3
selection of, 81.4
unlisted in Code, 82.21
Steel for piping
austenitic stainless, 85.13
welding processes for, 85.13
carbon, 85.7, 8
welding processes for, 85.8
carbon-molybdenum, 85.10
welding processes for, 85.10
clad, 85.17
welding processes for, 85 19
chromjum-molybdenum, 85.10
welding processes for, 85.10

ferritic stainless, 85.15
welding processes for, 85.15
lined, 85.20
welding processes for, 85.21
low temperature, 85.12
welding processes for, 85.12
martensitic stainless, 85.14
welding processes for, 85.15
Stiffeners, 81.16; 82.21
Stiffener rings, 86.25, 26
Stored-arc control and power supply,
90.24
Stovepipe method of pipeline con-
struction, 86.8
Straightening of pipe, 85.60
Straight polarity, 93.6
Stress
allowable, 81.8,9
bearing, 81.8
bending, 81.8,13
calculated, 81.3
compression, 81.8
concentration, 81.15,23
residual, 81.29

shear, 81.8,9
tension, 81.8
Stresses,

basic unit, 82.11
compression, 82.11
fatigue, 82.15, 18
maximum, 82.15
reversal of, 82.15
shear, 82.11
tension, 82.11
Stress relief, 84.41; 88.14
Stringer bead welders, 86.8, 9-
Structural elements, 81.7
compression members, 81.7
shear members, 81.7
tension members, 81.7
Structural quality, 84.15
Structural Welding AWS Code, 81.2,
3
Stud welding, 90.23;91.20
Subassemblies, 81.30
Submerged arc welding, 81.5, 20, 27,
83.12; 84.20-22; 86.5; 88.9;




92.19;93.6-9
filler metals and fluxes, 94.14-16
for fillet welds, 81.3
high amperage, 84.21
multiple wire, 84.21
of low-alloy steel, 84.21
Substructure, 82.6
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filler metals, 94.48-52
Titan rocket systems, 92.3, 7
Traction motors, repair of, 89.12
Traffic lane, 82.6
Transition for butt joints, 82.20
Transmission pipelines, 86.1-36

oil, gasoline and gas pipelines,

Supersonic aircraft, 91.2
Superstructure, 82.6
Surface inspection, 84.15
Surface resistance analyzer, 91.23
Surface roughness, 82.22
Surfacing filler metals, 94.52-58
Suspension-type bridges, 86.14
Switch point welding, 89.54
grinding, 89.56
inspection, 89.56
preparation, 89.54, 56
procedures, 89.54, 56
System frog rebuilding, 89.62

T

Tank cars, 89.35
codes, 89.35
heads, 89.36
inspection, 89.37
monocoque design, 89.35
repair, 89.37
stress-relieving, 89.37
Tempering beads, 88.14
Terne plate, 90.13
Testing
radiographic, 82.15
ultrasonic, 82.15

Tests; aircraft and missile welding

operator’s qualification, 91.36
Thermal energy, 91.22
Thermal inspection, 91.28
Thermit welding

CO, mold process, 89.46

Croning process, 89.46

of rails, 89.46

properties of, 89.46
Titania, 94.31, 32
Titanium, 91.21, 37;92.18

alloys, 91.5-7;92.10-13

chip-getter, 91.30

86.2-18
construction practices, 86.7-12
design, 86.5-7
equipment
automatic arc welding, 86.11
automatic submerged arc weld-
ing, 86.11, 12
gas metal-arc welding, 86.12,
13
gas metal-arc welding, 86.10, 11
governing codes and specifica-
tions, 86.3, 4
inspection and testing, 86.15-18
inspection after welding,
86.16-18 :
inspection during welding,
86.16
qualification of welders and
procedures, 86.15, 16
marsh construction, 86.14
materials, 86 .4, 5
offshore construction, 86.14, 15
pipeline construction for under-
water service, 86.14
river crossings and special con-
struction, 86.13-15
shielded metal-arc welding,
86.8-10
penstocks and larger diameter
water pipes, 86.21-35
base metals, 86.22-25
ASTM pressure vessel quality
steels, 86.22
ASTM structural quality steels,
86.22
design, 86.25-28
governing codes and specifica-
tions, 86.21, 22
inspection and testing, 86.32-35
workmanship, 86.28-32
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fabrication and erection,
86.28-32
water pipelines, 86.18-21
base metals, 86.19
design, 86.19
field inspection and testing,
86.21
governing codes and specifica-
tion, 86.18, 19
workmanship, 86.19, 21
Trusses, 81.15
Tube and pipe welds
base metals, 87.47, 50
cleaning of, 87.47
codes, 87.47
dissimilar metals for, 87.51
fixtures for, 87.49
for nuclear power plants, 87.46-51
inspection and testing, 87.51
welding equipment for, 87.49
welding methods, 87.47, 49
weld joint designs for, 87.47, 50
Tube-to-tube sheet welds
electron beam welding of, 87.42
explosion welding of, 87.42
GTAW welder for, 87.41

U

Ultra-high strength steels, 91.12, 13

Ultrasonic inspection, 83.13; 86.24,
33;88.36;91.39;92.9, 26

of fuel rod end closure welds,

87.18

Underframes, locomotive, 89.3

Underground storage tank, 83.9

United States Coast Guard, 84.3;
88.3

Upset butt welding of end closures,
87.11,19

U.S. Navy regulations, 88.3, 8, 12,
35

A%

Vacuum furnace brazing, 91.32
Vacuum furnace heating, 91.26, 29
Valves, 90.5

Vent holes

closure of, 87.25
in fuel rods, 87.25
welding conditions for, 87.25
Vert-A-Pac cars, 89.33 |
Vertical tank cone roof, flat bottom,
83.4
Visual inspection, 86.16;90.4;91.28

w

Water tanks, locomotive, 89.8
filler metals for, 89.9
welding processes for, 89.9
Welder certification, 89.13
Welder qualification, 85.5
Welder training, 89.13
Welding
aluminum alloys, 91.34
automatic, 82.23
corrosion-resistant alloys, 91.34
electrogas, 81.5; 82.3, 15,20
electroslag, 81.5;82.3, 15,20
field, 82.15, 21
flux cored arc, 81.5; 82.3, 5,17, 20
gas metal-arc, 81.5; 82.3, 5,17, 20
metallurgy, 84.23
multiple arc, 81.27
position of, 82.17
procedures, 81.5, 23, 25, 26
processes, 82.20
semiautomatic, 82.23
sequence, 81.32; 82.24
shielded metal-arc, 81.5,9;82.3, 5;
17,20
shop, 82.15, 21
stud, 81.5; 82.20
submerged arc, 81.3,5;82.3, 5,17,
20
Welding procedures
for buildings, 81.5, 23, 25
prequalified, 81.26
Welding processes
automatic, 81.25
for buildings, 81.5
for carbon steel piping, 858
for diesel engines, 89.6
for freight cars, 89.28, 34
for generator frames, 89.7

.
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for locomotives, 89.5 Wind bracing, 81.15
for nonferrous piping, 85.22 Workmanship, 82.21
for tank cars, 89.36 assembly, 82.23
gas pressure welding, 89.43 discontinuities, 82.21
semiautomatic, 81.25 distortion, 82.23
Welding processes for piping during erection, 81.30
gas metal-arc, 85.54 flatness, 82.21
gas tungsten-arc, 8§5.53 notch effects, 82.21
oxyacetylene, 85.55 pipe fabricating, 85.48
shielded metal-arc, 85.52 re-entrant corner, 82.21
submerged arc, 85.54 straightness, 82.21
Weld overlay cladding, 93.4-10 tolerances, 82.21
Weld Wrought iron
design, 82.11 for piping, 85.9
fillet, 81.8, 9; 82.15, 16 welding processes for, 85.9
full penetration groove, 8§2.16, 19
groove, 81.8,17;82.15, 16 X

intermittent fillet, 82.15
intermittent groove, 82.15
partial penetration groove, 82.16,

X-rays, 86.17;91.35;92.9
X-ray machines, 84.30

19
plug, 82.15, 16 Z
reinforcement, 82.18 Zirconium alloy
repairs, 81.34 boiling off of elements, 87.17
shrinkage, 81.28 for fuel rods, 87.9, 10

slot, 82.15, 16 pyrophoric nature of, 87.12






