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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 AO1 on Steel,

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

A01.06 on Steel Forgings and Billets.

2 Annual Book of ASTM Standardgol 01.05.
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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-

: ) ! e Grade A Grade B Grade C 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-gg—g-gg 8-3?—2-32 8'32_2'82
. . . H anganese .40-0. A A (o—1. (o—1.
been vacuum treated prior to or during the pouring of the ingotyy g horis, 0025 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
. Silicon 0.15-035 0.15-035 015035 0.15-0.35 0.15-0.35
4.2 Production Methods _  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 |nclude the Cupp|ng Of Slabs or plateS, the p|erc|rﬂg)|ybdenum 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 Zﬂ?iﬁﬁ %
tubing may be closed by spinning, swedging, or pressing. In aH
there shall be sufficient discard to ensure soundness in ffgor 018 max 0967043 023 max
cases : ganese 0.10-040  0.60-0.80  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 015-0.35 015-0.35 030 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, ofclusion control additions. Supplementary Requirements S1
when forgings have been quenched, they shall be reheated t®ad S2 of Specification A 788 shall apply.

subcritical temperature and held for at lesh/in. [25 mm] of & \1achanical Properties
maximum cross section. '

4.3.3.1 Minimum tempering temperatures shall be as fol- 6.1 Mechanical tests for acceptance shall be made after the
final heat treatment of the forgings.

lows:
6.2 Tension Test-When tested in accordance with Test
des E, F, G, H, Jin Cl , 65, o o N X
E:Zdis,f Fi G 1, Jin Classes 95, 66,70 ﬂggoi {2322} Methods and Definitions A 370, the material shall conform to
Grade L 1000°F [540°C] the requirements of Table 2. The yield strength shall be
Grade J Class 110 1000°F [540°C] H 0,
Pl 1100°F [595°C] determined by the 0.2 % offset method.

6.3 Bending Properties-Depending upon the outside diam-
4.3.4 All quenched and tempered forgings shall be subjeciter,D, and the wall thicknesd, of hollow or bored forgings,
to magnetic particle examination in accordance with Section 73 phend test or flattening test will be required.
4.3.5 Heat treatment is to be performed after all forming .3.1 For bored or hollow forgings with outside diameters of
operations. 14 in. [355 mm] or less and with@/T ratio of more than 10.0,
) N a flattening test is required. This shall be carried out in
5. Chemical Composition accordance with Specification A 530/A 530M and Table 3. No
5.1 Heat Analysis-The heat analysis obtained from sam- breaks or cracks in the test ring are acceptable until the distance
pling in accordance with Specification A 788 shall comply with between the plates is less than that shown in Table 3.
Table 1. 6.3.2 For bored or hollow forgings with outside diameters
5.2 Product Analysis-The purchaser may use the productover 14 in. [355 mm], or where the/T ratio is 10.0 or less at
analysis provision of Specification A 788 to obtain a productthe manufacturer’s option, the flattening test specified in 6.3.1,
analysis from a forging representing each heat or multiple heatr a transverse bend test in accordance with Arrangement C of
5.3 Starting material produced to a specification that speTest Method E 290 is required. The bend test pin diameter shall
cifically requires the addition of any element beyond thosebe as specified in Table 4. No cracks or ruptures in the test
listed in Table 1 for the applicable grade of material is notpiece are allowable when the test piece is bent through the
permitted. This does not preclude use of deoxidation orequired angle.
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