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Standard Specification for
Carbon and Alloy Steel Forgings for Thin-Walled Pressure
Vessels !

This standard is issued under the fixed designation A 372/A 372M; the number immediately following the designation indicates the year
of original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval.
A superscript epsilonef indicates an editorial change since the last revision or reapproval.

1. Scope Combining values from the two systems may result in noncon-

1.1 This specificatioh covers relatively thin-walled forg- formance with the specification. _ o B
ings (including gas bottles) for pressure vessel use. Three types1-3 Unless the order specifies the applicable “M” specifica-
Provision is made for integrally forging the ends of vesselinch-pound units.

bodies made from seamless pipe or tubing. 2 Referenced Documents

Note 1—When working to the chemical and tensile requirements of 2 1 ASTM Standards:

this specification, the influence of wall thickness and cooling rate will A 275/A 275M Test Method for Magnetic Particle Exami-
necessarily eliminate certain forging sizes in each class. ) .
nation of Steel Forgings

Note 2—Designations have been changed as follows:

Current

Grade A

Grade B

Grade C

Grade D

Grade E Class 55
Grade E Class 65
Grade E Class 70
Grade F Class 55
Grade F Class 65
Grade F Class 70
Grade G Class 55
Grade G Class 65
Grade G Class 70
Grade H Class 55
Grade H Class 65
Grade H Class 70
Grade J Class 55
Grade J Class 65
Grade J Class 70
Grade K

Grade L

Grade J Class 110
Grade M Class 85
Grade M Class 100

1.2 The values stated in either inch-pound or Sl [metric]
units are to be regarded separately as the standard. Within ttllﬁz
text and the tables, the Sl units are shown in brackets. The

Formerly

Type |

Type Il

Type Il

Type IV

Type V Grade 1 Class 55
Type V Grade 1 Class 65
Type V Grade 1 Class 70
Type V Grade 2 Class 55
Type V Grade 2 Class 65
Type V Grade 2 Class 70
Type V Grade 3 Class 55
Type V Grade 3 Class 65
Type V Grade 3 Class 70
Type V Grade 4 Class 55
Type V Grade 4 Class 65
Type V Grade 4 Class 70
Type V Grade 5 Class 55
Type V Grade 5 Class 65
Type V Grade 5 Class 70
Type VI

Type VI

Type VIl

Type IX Class A

Type IX Class B

A 370 Test Methods and Definitions for Mechanical Testing
of Steel Products

A 388/A 388M Practice for Ultrasonic Examination of
Heavy Steel Forgings

A 530/A 530M Specification for General Requirements for
Specialized Carbon and Alloy Steel Pipe

A 788 Specification for Steel Forgings, General Require-
ments$

E 112 Test Methods for Determining the Average Grain
Sizé

E 165 Practice for Liquid Penetrant Examination

E 290 Test Method for Semi-Guided Bend Test for Ductility
of Metallic Material$

E 433 Reference Photographs for Liquid Penetrant Inspec-
tion’

3. Ordering Information and General Requirements

3.1 In addition to the ordering information required by
Specification A 788, the purchaser shall include with the
inquiry and order a detailed drawing, sketch, or written
description of the forging and the areas of significant loading in
e forging when required (see 6.4.2.2).

values stated in each system are not exact equivalents; there-
fore, each system must be used independently of the other.

 This specification is under the jurisdiction of ASTM Committee A-1 on Steel,

Stainless Steel and Related Alloys and is the direct responsibility of Subcommittee————————

A01.06 on Steel Forgings and Billets.
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3.2 Material supplied to this specification shall conform to TABLE 1 Chemical Requirements
the requirements of Specification A 788, which outlines addi-Elements Composition, %
tional ordering information, manufacturing requirements, test- GradeA  GradeB  GradeC  Grade D

ing and retesting methods and procedures, marking, certificg, - 030 max 035 max  0.48 max _ 0.40-050
tion, product analysis variations, and additional supplementaryianganese 1.00 max  1.35max  1.65max  1.40-1.80

requ”'ements Phosphorus, 0.025 0.025 0.025 0.025
3.3 If the requirements of this specification are in conflicts sy max o0.025 0.025 0.025 0.025
with the requirements of Specification A 788, the requirementsiicon 0.15-035 0.15-0.35 0.15-0.35 0.15-0.35
of this specification shall prevail. Nickel - - - -
Chromium  — — — —
4 M ial dM f Molybdenum — — — 0.17-0.27
’ aterials an anutacture Grade E Grade F Grade G Grade H Grade J
4.1 Melting Practice Classes Classes Classes Classes Classes 55,
4.1.1 The steel melting procedures of Specification A 788 55,6570 556570 556570 556570 6570 110

shall apply except that for Grade M forgings, only steel that ha%larbon g-ig—g-gg 8'38_2'38 g-ig—g-gg 8-3?—2-32 8'32_2'82
been vacuum treated prior to or during the pouring of the ingoty oo coe 0= g g o o

. " X . Phosphorus, 0.025 0.025 0.025 0.025 0.025
in order to remove objectionable gases, particularly hydrogen, max
shall be used. Sulfur, max  0.025 0.025 0.025 0.025 0.025
. Sili 0.15-0.35 0.15-0.35 0.15-0.35 0.15-0.35 0.15-0.35
4.2 Production Methods oo

Nickel — —_ — — —
4.2.1 Methods for the production of gas bottles and similarchromium  0.80-1.15 0.80-1.15 0.40-0.65 0.40-0.65 0.80-1.15

vessels may include the Cupping of slabs or p|ates’ the piercirMonbdenum 0.15-0.25 0.15-0.25 0.15-0.25 0.15-0.25 0.15-0.25

of billets or plates, and the subsequent drawing of cups so GradeK  GradeL  Grade M
produced. Such semifinished forgings or seamless steel pipe or grL&:jSig?) %

tubing may be closed by spinning, swedging, or pressing. In aH

R . . bon 0.18 max 0.38-0.43  0.23 max
cases there sha_tII be sufficient discard to ensure soundness in g%%ganese 010-040 060-0.80  0.20-0.40
completed forging. Phosphorus, 0.025 max  0.025 0.020
4.3 Heat Treatment S l’f“ax 0,025 0,025 0,020
H ultur, max . max . .
4.3.1 At the option of the manufacturer, Grades A, B, C, Dgjjicon 015-0.35 015-0.35  0.30 max

and Classes 55, 65, 70 of Grades E, F, G, H, and J forgingsckel 2.0-3.3 1.65-2.00 2.8-3.9
shall be normalized, normalized and tempered, or liquighromium  1.00-1.80  0.70-0.90 ~ 1.50-2.00
Molybdenum 0.20-0.60 0.20-0.30 0.40-0.60
quenched and tempered. Vanadium 0.08 max
4.3.2 Grades K, L, M, and Class 110 of Grade J forgings
shall be liquid-quenched and tempered.
4.3.3 When normalized forgings are to be tempered, or

when forgings have been quenched, they shall be reheated tPa

Mechanical Properties

subcritical temperature and held for at le#sh/in. [25 mm)] of 6.1 Mechanical tests for acceptance shall be made after the
maximum cross section. final heat treatment of the forgings.

4.3.3.1 Minimum tempering temperatures shall be as fol- 6.2 Tension Test-When tested in accordance with Test
lows: Methods and Definitions A 370, the material shall conform to
Grades E, F, G, H, J in Classes 55, 65, 70 1100°F [595°C]
Grade K 1100°F [595°C] . .
Grade L 1000°F [540°C] TABLE 2 Mechanical Requirements
Grade J Class 110 1000°F [540°C] vield Elongation
Grade M 1100°F [595°C] Strength in 2in.

Tensile Strength, (0.2 % Offset), [50 mm], Hardness,

4.3.4 All quenched and tempered forgings shall be subject

. . . . ] . . Type ksi [MPa] ksi [MPa], min min, % HB, min*
to magnetic particle examination in accordance with Section 7
Grade A 60-85 [415-585] 35 [240] 20 121
) N Grade B 75-100 [515-690] 45 [310] 18 156
5. Chemical Composition Grade C 90-115 [620-795] 55 [380] 15 187
5.1 Heat Analysis-The heat analysis obtained from sam- 2{23;'35 F G 182:1?8 [[2522323} §§ {328% ;(5) i%
pling in accordance with Specification A 788 shall comply with  H, J (Class 55)
Table 1. Grades E,F, G, 105-130 [725-895] 65 [450] 19 217
. H, J (Class 65)
5.2 Product Analysis-The purchaser may use the product grades €, F, 6, 120-145 [825-1000] 70 [485] 18 248
analysis provision of Specification A 788 to obtain a product H, J (Class 70)
analysis from a forging representing each heat or multiple heaﬁ'f‘glgsi 10y 135-160 [930-1100] 110 [760] 15 217
- 53 Starting material pl-'O-duced to a Specification that SPEgrade K 100-125 [690-860] 80 [550] 20 207
cifically requires the addition of any element beyond thosesrade L 155-180 [1070-1240] 135 [930] 12 311
listed in Table 1 for the applicable grade of material is notGr(E"glis";' - 105-130 [725-895] 85 [585] 18 217
permitted. This does not preclude use of deoxidation Ograde m 120-145 [825-1000] 100 [690] 16 248
inclusion control additions. Supplementary Requirements S1 (Class 100)
and S2 of Specification A 788 shall apply. A When required by 6.6.
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