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A

Age hardening, 41
Alloy segregation, 22
Alloy steel axles, 119-120
Alloy steel forgings, 40-41
age-hardening, 108
high-strength pressure component,
106-107
pressure and high temperature parts,
101-103
quenched and tempered, 103
thin walled pressure vessels, 102-103
vacuum-treated, 111-113
AMS 2300, 15, 118
AMS 2301, 15,118
AMS 2304, 15, 118
Annealing, 40
Argon Oxygen Decarburization, 16
ASME B.16.5, 84
ASTM A 20, 15, 74
ASTM A 26, 117
ASTM A 29, 39, 41, 44, 50, 81, 119
ASTM A 105, 53, 84-86, 101, 103
ASTM A 181, 53, 85-86
ASTM A 182, 34, 86, 101, 105, 108
ASTM A 234, 86
ASTM A 235, 118
ASTM A 237, 118
ASTM A 239, 117
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103, 106
ASTM A 275, 89, 91-92, 102-104, 112,
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ASTM A 293, 111
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107-108
ASTM A 370, 54-56, 82-83, 85, 96, 111
ASTM A 372, 102-103
ASTM A 388, 63-64, 89, 93-95, 116, 118,
120
ASTM A 403, 86
ASTM A 418, 95, 112
ASTM A 427,96, 116
ASTM A 456, 92-93, 120
ASTM A 469, 109, 112-113
ASTM A 470, 111-113
ASTM A 471, 80, 113
ASTM A 472,98, 113
ASTM A 503, 95, 120, 122
ASTM A 504, 71, 116-117
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ASTM A 508, 48, 52, 55, 57, 60, 77, 81—
82, 103-105
ASTM A 509, 3
ASTM A 517, 105
ASTM A 521, 25,117
ASTM A 522, 88
ASTM A 531, 96
ASTM A 541, 104-105
ASTM A 551, 117
ASTM A 576, 120
ASTM A 579, 41, 45, 114, 117-118
ASTM A 592, 105
ASTM A 604, 20-21, 99, 118
ASTM A 646, 118-119
ASTM A 649, 67, 105-106
ASTM A 668, 118-120
ASTM A 694, 89
ASTM A 707, 34, 53, 89, 108
ASTM A 711, 22, 119
ASTM A 723, 91, 106-107, 131
ASTM A 727, 53, 89
ASTM A 729, 119-120
ASTM A 736, 108
ASTM A 745, 63-64, 93, 95
ASTM A 751, 83
ASTM A 765, 53, 107-108
ASTM A 768, 113
ASTM A 788, 3, 5, 22-23, 42, 79-82,
100-101, 112-113, 117-120, 155-
156
chemical composition, 50-51
continuous casting, 80
marking requirements, 81-82
melting process, 80
ordering information, 79-80
product analysis, 80-81
residual elements, 81
supplementary requirements, 82
terminology, 79
ASTM A 833, 96-97
ASTM A 836, 89-90
ASTM A 837, 70, 120
ASTM A 859, 34, 72, 108
ASTM A 891, 113
ASTM A 909, 35, 40, 120
ASTM A 914, 40
ASTM A 921, 120
ASTM A 939, 96
ASTM A 940, 113-114
ASTM A 941, 89, 119
ASTM A 956, 96-98, 116
ASTM A 961, 82-84
ASTM A 965, 86, 108
ASTM A 966, 690, 92
ASTM A 982, 114, 122
ASTM A 983, 92, 120-122
ASTM A 986, 60, 93, 122
ASTM A 988, 106
ASTM A 989, 106
ASTM A 991, 42
ASTM A 1021, 122
ASTM A 1038, 98
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ASTM E 21, 109

ASTME 23, 86

ASTM E 45, 118

ASTM E 10, 54, 96

ASTM E 92, 54

ASTM E 109, 91

ASTM E 112,70

ASTM E 140, 54, 96

ASTM E 165, 61, 89

ASTM E 208, 57, 104

ASTM E 214, 118

ASTM E 381, 99, 118

ASTM E 448, 116

ASTM E 606, 58

ASTM E 709, 60, 91-92

ASTM E 1444, 60, 91-92

ASTM International, 78-83
general requirements specifications, 79
standards writing, 78

Austenitic steel forgings, 108

Austenitizing stage, 46

Axial forging, 24-25

B

Bainitic microstructures, 41
Base material choice, 72
Batch furnaces, 42
Billet, size and source, 74-75
Blind bored forgings, quenching, 49
Bloom, size and source, 74-75
Boiler drums, 6, 8
Boring forging, 36-37
Bottom pouring, 22
Brinell hardness, 96

testing, 54
Brittle failure, 57
Burning, 75-76

C

Carbon forgings, 40-41
Carbon segregation, 126
Carbon steel forgings, 86-88
piping applications, 84-86
pressure vessel components, 100-101
quenched and tempered, 103
thin walled pressure vessels, 102-103
titanium-stabilized, 89-90
vacuum-treated, 111-113
Carburizing applications, 120
Case hardening, 69
Caustic cracking, 130
Centrifugal casting mold, 8
Charpy impact test, 53, 57
test temperature, 87-88
Charpy V-notch impact testing, 104, 122
Chromium alloy steel forgings, vacuum-
treated, 113
Circumferential cracking, 73
Cleanliness, 55-56
Closed die forging, 10, 25
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134 STEEL FORGINGS

Cold rigging, 48--50

Cold-worked forgings, definition, 4

Cold working, 71

Comet, 127

Compressors, 114

Continuous furnaces, 43

Continuous grain flow crankshaft
forgings, 120-122

Controlled atmosphere furnaces, 43

Cooling facilities, 43

Copper alloy bearing surface, 128-130

Copper plating, 70

Corrosion fatigue, 130

Corrugating paper machinery, 105-106

Crankpins, 10, 13

Crankshaft forgings, continuous grain
flows, 120-122

Crankshafts, 7-8, 10-14

Creep feed grinding, 38

D

Defects, 72-77
base material choice, 72
billet/bloom size and source, 74-75
forging operations and sequence, 76
heating for forging, 75-76
induction heating, 76
ingot defects, 72-74
ingot size and choice, 74
machining, 76
post forge handling/heat treatment,

76-77

Depressing, 93

Die-forged components, 36

Die forgings, 117

Dimpling, 93

Direct hardening, 66-67

Disk forging, 25, 28

Dortmund-Hérder system, 17-19

Double slag procedure, 15-16

Drop weight test, 57

Ductility, 56

E

Electroslag remelted ingots, 75
Electroslag remelting, 21-22
ES-21, 109

ES 23, 109

ES 26, 111

Exogenous inclusions, 74
Expanding, 24, 27

Extrusion container, 8, 11
Extrusions, 25-26

F

Failure analysis, 126-130
carbon segregation, 126
corrosion fatigue, 130
fatigue, 127-130
forging, 126
hydrogen damage, 126-127
liquid metal embrittlement, 130
Fatigue, 127-130
testing, 57-58
Ferrite forgings, transformation, 34
Fish eyes, 56~-57, 126-127
Fittings industry, see Steel forgings
Flake, 16
heat treatment cycle, 34
Flaking, 72, 77
Flame hardening, 66-67
Floe process, 68
Forge heating furnaces, 32-33
Forging, 24-31
closed die forging, 25
dimensions, 103-104

extrusions, 25-26

failure analvsis, 126

forging reduction, 27-29, 31

open die forging, 24-28

ring rolling, 27, 30

rotary forging machines, 26-27, 29
Forging ingots, 10, 12, 20-23

alloy segregation, 22

defects, 72-74

electroslag remelting, 21-22

mold design, 22

size and choice, 74

stock, 22-23

vacuum arc remelting, 20-21
Forging operations and sequence, 76
Forging reduction, 27-29, 31
Forgings

carbon steel, 100-101

chemical composition, actual grade 2,

103

for general industry, 115-122

pressure vessel industry, 100-108

stock, 119

for turbines and generators, 109-114

for use in nuclear reactors, 55
Forging stock, 22-23
Fracture appearance transition

temperature, 110-112

Fracture toughness testing, 57
Furnaces, 41-43

G

Gas nitriding, 68-69

Generator rotor, 7-8

Generators, forgings for, 109-114
Glow discharge nitriding, 69
Grinding, 37-39

Grinding cracks, 38

H

Hammer Brinell testers, 96
Hardening, direct, 66-67
Hardness
conversion tables, 54
portable testing standards, 9698
testing, 54
Heat analysis, 80
Heating, 32-33
Heat stability, testing methods, 98
Heat to forge operation, 75-76
Heat treatment, 40-52
alternate, 46
annealing, 40
carbon and alloy steel forgings, 40-41
controlled atmosphere furnaces, 43
cooling/quench facilities, 43
defects, 76-77
forgings, 104
furnaces, 41-43
induction heating, 43
liquid quenching, 43
micro-alloyed forgings, 40
multistage, 49-50
oil quenching, 45
polymer quenching, 45-46
rigging, 46-50
spray quenching, 46
tempering, 50-52
vacuum furnaces, 43
water quenching, 43-45
High strength pressure vessels, 8
History, 1-4
Hollow forging, 24, 28, 36, 56
Horizontal furnaces, 42
Hot-cold-worked forgings, definition, 3-4
Hot punching, 24, 27
Hot rigging, 46-48

Hot rolled bar, use, 5

Hot trepanning, 24, 27
Hot-worked forgings, definition, 3
Hydrogen, in steel forgings, 16
Hydrogen damage, 126-127

I

Impact testing, 57

Inclusion shape control, 19

Induction hardening, 66

Induction heating, 33, 43
defects, 76

Ingots, see Forging ingots

In-service inspection, 65

Ion nitriding, 69

Izod test, 57

L

Ladle additions, 72

Ladle refining furnace, 16

Leeb hardness testers, 97

Liquid metal embrittlement, 130
Liquid penetrant examination, 61-62
Liquid quenching, 43

Longitudinal cracking, 73
Longitudinal ductility, 55-56
Low-alloy steel forged fittings, 105
Low-alloy steel forgings, 86-88

M

Machinability, 39
Machining, 36-39

defects, 76

grinding, 37-39
Macroetch testing, 99
Macro structure tests, 99
Magnetic particle examination, 60-61,

122

test methods, 91-93
Magnetic retaining rings, 109
Mandrel forging, 24, 28
Marine propeller shafts, 8-9
Martensitic microstructures, 41
Martensitic stainless steel, 122
Mechanical testing, 53-58

fatigue, 57-58

fracture toughness, 57

hardness, 54

impact, 57

tension, 55-57
Microalloy, 120
Micro-alloyed forgings, 40
Micro-alloyed steels, 35

N

Nil ductility test temperature, 104

Nitrided surface, 38-39

Nitriding, 67-69

Nondestructive examination, 59-65
in-service inspection, 65
liquid penetrant examination, 61-62
magnetic particle examination, 60-61
surface, 59-62
visual examination, 59-60
volumetric examination, 62-64

Normalizing, 41

Notch toughness, 89

Nuclear reactor vessel nozzle, 8, 10

o

0il quenching, 45

Oliver forging hammer, 1

Open die forging, 24-28
amount of excess stock, 36



Ordnance components, 8-9
Overheating, 75

P

Pancake forging, 25, 28
Pie gage, 92
Pipe flanges, 86
high-pressure transmission service, 89
low temperature service, 89
Piping application
carbon steel forgings, 84-86
steel flanges, 8283
Piping fittings, 8, 11
Plasma nitriding, 69
Polymer concentrations, 45-46
Polymer quenching, 45-46
Post forge handling, defects, 76-77
Post forge practices, 34-35
Pouring interruption, 73
Precipitation hardening, 113
Pressure vessel components, 104-105
Pump housing, 8, 11
Purchaser role, 124-125

Q

Quench and temper cycle, 41
Quench facilities, 43
Quenching, blind bored forgings, 49

R

Reduction gears, 115-116
Reduction of area, 56-57
Reheating, 33

Remelted steel ingots, 80
Residual magnetism method, 61
Rigging, 46-50

Ring rolling, 24, 27

Rockwell hardness testing, 54
Rotary forging machines, 26-27, 29
Rotor forgings, heat stability, 98
Ruhrstahl-Heraeus system, 19

S
S.S. Great Britain, 1, 3-4

SA-275, 60
SA-508, 60, 103

SAE 1040, 115
SAE 1045, 115, 124
SAE 1050, 106
SAE 4130, 38, 106, 117
SAE 4140, 115
SAE 4330, 126
SAE 4340, 106-107, 115
SAE 4350, 106
SAE J443, 71
Salt bath treatments, 70
Season cracking, 130
Shear wave scanning, 94
Shot peening, 71
Slab forgings, 10, 12
SNT-TC-1A, 91
Solid forging, 36
Solution annealing, 40
Spheroidizing anneals, 40
Spray quenching, 46
Standards, writing, 78
Steam powered forging hammer, 1, 3
Steam turbine shafts, heat stability, 98
Steel
cleanliness, 19
refining, 15-16
Steel castings, use, 5-6
Steel flanges, 82-83
Steel forgings
definitions, 3-4
for fittings industry, 84-90
use, 6-11
vacuum-treated, 109-111
Steel forging standards, 78-83
general requirement specifications, 79—
83
Steelmaking, 15-19
Steel plate, use, 5
Steel pressure vessel component, 107-
108
Steel rolls, 105-106
Steel] tires, 117
Stereo microscopes, 59
Subcritical annealing, 40, 46
Superstrength alloy steel forgings, 117-
118
Surface decarburization, 128
Surface examination, 59-62
Surface finish, 127-128
Surface grinding, 37-38
Surface treatment, 66-71
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carburizing, 69-70

cold working, 71

direct hardening, 66-67
nitriding, 6769

salt bath treatments, 70

T

Teeming rate, 74

Teeming temperature, 74
Tempering, 41, 46, 50-52
Tensile ductility, 55

Tension testing, 55-57

Tilt hammer, 1-2

Tin paints, 69

Trade organizations, 124
Transverse ductility, 55-56
Turbine airfoils, 114

Turbine rotor forgings, 113
Turbine rotors, 6, 8, 113-114
Turbines, forgings for, 109-114

U

Ultrasonic examination, 63-64, 122
test methods, 93-96
Upset forging, 5-6, 24, 26

A"

Vacuum arc remelted ingots, 75
Vacuum arc remelting, 20
Vacuum degassed steel, 121-122
Vacuum degassing, 16-19, 24
Vacuum furnaces, 43

Vacuum lift procedures, 17-19
Vacuum stream degassing, 16-17
Vertical furnaces, 42-43

Vickers hardness testing, 44, 54
Visual examination, 59-60
Volumetric examination, 62-64

w
Water quenching, 43-45
Wet fluorescent method, 61
Wrought steel wheels, 116
Y

Yield strength, 56





