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MILITARY SPECIFICATION

STEEL FORGINGS

This gnecification is annroved for use bv the Armv
n sSp app Y the Army
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Materials and Mechanics Research Center, Department
of the Army, and is available for use by all Depart-
ments and Agencies of the Department of Defense.

1.1 This specification covers steel forgings that are produced
by a hot deformation process such as hammering, pressing,

upsetting, extruding, or any combination of these processes (see

1.2 Classification. The forgings are classified for inspection

purposes and shall be ordered (see 6.2) on the basis of grade

and condition.

SVl avaPlils

1.2.1 Grade.

a. Grade A forging. Mechanical properties shall be

measured in the body of the forging (test coupon - see 6.6.6)

as well as in the integrally-forged test metal (see 6.6.7) or

Benefilicial comments (recommendations, additions, deletionsY’aﬁa
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document should be gddressed to: Director, Army Materials

and Mechanics Research Center, ATTN: AMXMR—SMS Watertown,
Massachusetts 02172-0001 by using the self- addressed Standard-
ization Document Improvement Proposal (DD Form 1426) appearing
at the end of this document or by letter.
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the prolongation (see 6.6.3) at the locations shown on the

applicable drawing. Correlation shall be determined by use
of a value difference (see 6.6.8) between the properties of
the test coupon of the forging and those of its integrally-
forged test metal or the prolongation,
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measured in the body of the forging (test coupon - see 6.6.6)
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applicable drawing. Correlation shall be determined by use of

a value difference (see 6.6.8) between the properties of the test
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hose i =forged test metal or the

prolongation., When the test metal or prolongation of a forging
is not tested for mechanical properties, that forging shall be

accepted on the basis of hardness.

c. Grade B forging. Mechanical properties shall be

measured in the integrally-forged test metal or the prolongation

from the forging at the iowin on the applicable win
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d. Grade C forging. Mechanical properties of the forging

shall be determined directly from the body of the forging (test

N <

coupon-see 6.6.6) from a selected or representative forgi

1§ .
Forgings not sectioned for testing shall be measured on the basis

of hardness.

e. Grade D forging. Mechanical properties of the
forging shall be measured on the basis of hardness only.
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1.2.2 Condition. Forgings shall be furnished in the normalized,

annealed, or normalized and tempered condition unless mechanical

______ cermansifiarld An +ha i i h
specliiled On tne rawing or 1in the

contract or order (see 6.2).
2. APPLICABLE DOCUMENTS

Government documents,

_____ Specifications, standards, and handbooks. Unless otherwise

specified (see 6.2), the following specifications, standards, and

handbooks

1<

lis 12N o 'Y ~

. .
tna issue o

the

A i
ted in f epa

Defense ecifications and Standards (DoDISS)

In

ol

specified
in the solicitation form a part of this specification to the

extent specified herein.

SPECIFICATIONS

MIL-P-14232

MILITARY

MIL-STD-105

MIL-STD-109
MIL-STD-129

MIL-STD-130

Parts, Equipment and Tools for Army
Materiel, Packaging of

- Steel: Chemical Composition and Hardenability
- Metals; Test Method

Sampling Procedures and Tables for
Inspection by Attributes

Quality Assurance Terms and Definitions

Marking for Shipment and Storage

Identification Marking of U.S. Military
Property
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publications required by manufacturers in connection with specific
acauisition functions should be obtained from the contracting
activity or as directed by the Contracting Officer).

2.2 Other publications. The following documents form a part of

this cnpn1F1r~:t-1nn to the extent gnecified hnr‘n\n The iceno
© the extent gspeclrlileCc nereln . iNe ls8ssue

0
(o)}

the documents which are indicated as DoD adopted shall be the

lssue listed in the current DoDISS and the supplement thereto, if

AMERICAN SOCIETY FOR TESTING AND MATERIALS (ASTM)

ASTM A275 - Magnetic Particle Examination of Steel Forgings
ASTM EB8 - Methods of Tension Testing of Metallic Materials
ASTM E10 - Method of Test for Brinell Hardness of Metallic
Materials
ASTM E18 - Method of Test for Rockwell Hardness and
Rockwell Superficial Hardness cof Metallic
Materials
ASTM E23 - Methods for Notched Bar Impact Testing of Metallic
Materials
AT D2AN _ Ma+h~d v Mo~~~k NG Matb=2le amA ATYAwe
£HO Lri LoV - rmic Ci1uu LUL rirae L uc o L,IIJ.I g rmcuLalo ailiiu nLLU’
ASTM E381 - Macroetch Testing, Inspection, and Rating Steel

Products, Comprising Bars,Billets, Blooms and
Forgings
(Application for copies should be addressed to the American Society
for Testing and Materials, 1916 Race Street, Philadelphia, Pennsyl-

vania 19103).
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Aerospace Material Specification

AMS 2301 Aircraft Quality Steel Cleanliness - Magnetic
Particle Inspection Procedure

A
“4
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(Application for copies should be addressed to Society of Auto-

motive Engineers, Inc.,

400 Commonwealth Drive, Warrendale, PA

15096).

AMERICAN WELDING SOCIETY

wn
[

1 - Structured Welding Code

oy

¢
(
(
§
v
(
¢
(
b
[¢
¥
[l

(Application for copies should be addressed to 2501 N. W. 7th
Street, Miami, Florida 33125).

Technical society and technical association specifications and
standards are generally available for reference from libraries.
They are also distributed among technical groups and using

P A

ederal agencies.

™

N

.3 Order of Precedence. In the event of a conflict between the

text of this specification and the references cited herein,

I
I

o

| S £ 3
L

acr e Jvmmdbk AwAa
nave irst order of

drawing regquirements shal prece
followed by the text of this specification, then the other
referenced specifications and standards.

3. REQUIREMENTS

3.1 First article. The contractor shall submit a first article

unless it is specifically waived in the contract (see 6.2).

No first article requirements shall b

vaive hout review by

r

wi

(1]
Pt
Q

a
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he responsible engineering activity

onsible -1 222

nd

w
o
(-

DD
LR

a]

oval by the respon-
sible product assurance activity (see 6.4).

3.2 Chemical composition.

3.2.1 Chemical composition specified on drawing. When chemical

composition is specified on the drawing in the invitation for bids,

(G4
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contract, or order, the composition shall be verified on the basis
of ladle analysis, the chemical limits of which shall be subject
to check analysis tolerances in accordance with Federal Standard
No. 66.

3.2.2 Chemical composition not specified on drawing. The

contractor shall select a steel composition which when heat
treated shall meet the mechanical properties specified on the
applicable drawing and when specified in the contract. The che-
mistry of the steel composition shall be verified on the basis of
ladle analysis and the chemical limits thereof shall be subject
to check analysis tolerances in accordance with FED-STD-66.

3.2,3 Certification of chemical analysis. The contractor shall

furnish a certified chemical analysis of each melt of steel used
in producing the forgings showing the percentage of carbon,
sulfur, phosphorus, silicon and manganese (see 6.4). For alloy
steels, in addition to these elements, the percentage of the
alloying elements shall be shown.

3.3 Material. Forgings shall be produced from cast ingots and
fabricated stock and conform to the chemical and mechanical pro-~
perty requirements of the detail specifications and drawings, the
contract, or the purchase order. Materials shall be worked prior
to and during the forging operation to such extent as to produce
a wrought metallurgical structure,.

3.4 Mechanical properties.

3.4.1 Required property attributes. The required mechanical
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property attributes for the different grades of forgings shall be
as shown in TABLE I.

TABLE I. Forging grades and mechanical
property attributes.

Mechanical property Grade
attributes A Al B C D

1 Yes Yes No Yes No
ggﬁéop FSZ Yes Yes No Yes No
T 1 Yes Yes Yes NO NC
mg?;l ng Yes Yes Yes No No

1 Yes Yes No No No
g?%%gfence ng Yes Yes No No No
vield FAl Yes Yes Yes Yes N
strength p2 Yes Yes Yes Yes No
Reduction Fal Yes Yes Yes Yes NoO
of area p2 Yes Yes Yes Yes No
Charpy impact FAl Yes Yes Yes Yes No
resistance p2 Yes Yes Yes Yes No
Hardness ral Yes Yes Yes Yes Yes4

p2 Yes3 Yes3 ves4 yes3  Yes

NOTES:

1. First article.

2. Production.

3. Production forgings may be evaluated by hardness values obtained
from same surface area of body of forging where test coupons
are taken for evaluating each forging 1lot.

A Ma~rhanical nraonartiece mav he evaluated bv hardness
A/ W V A A vl B NA I NS T

he 3N ricviicaliavaa PEVPCLE VAV O aniia y L S IR S ik 3 ’alues

3.4,2 Mechanical property test specimens. Test specimens for

mechanical properties shall be taken from the applicable test

on{s) and test metal at the specified locations thereof.

3.4.3 First article.

-

6.6.6) is required,
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3.4.3.1 Test coupon. W

the value obtaine d strength, reduction of

d for
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£ the yielﬂ strength, reduction o
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area, and Charpy impact resistance attributes for each respec-
tive test specimen shall be in compliance with the requirements
of TABLE II for the yield strength specified on the applicable
engineering drawing.

3.4.3.2 Test metal. When test metal (see 6.6.7) is required,

the value obtained for each of the yield strength, reduction of
area, and Charpy impact resistance attributes for each respec-

tive test specimen shall be in compliance with the requirements
of TABLE II for the yield strength specified on the applicable

¢ngineering drawing.

3.4.3.3 Value difference. When required, a value difference

(see 6.6.8) shall be calculated for each of the following three
mechanical property attributes of the forging: yield strength,
, and Charpy V-notch impact resistance.

3.4.4 Production article. For each of the forgings inspected

which requires an adjusted value (see 6.6.9), the adjusted value

@

for each of the yield strength, reduction of area, and Charpy

impact resistance attributes of the test metal shall be in

strength specified on the applicable engineering drawing. For

those forgings that do not require an adjusted value, all the

applicable requirements listed in this specification for that

orging grade shall be complied with. (see T

n
)

3.4.5 Mechanical property requirements. When required, the

mechanical properties of the forgings shall conform to the following

(¢.e]



requirements.

3.4.5.1

as specified on the applicable drawings,

Yield strength.

the order.

Reduction of ar

Downloaded from http://www.everyspec.com

When required, yield strength shall be

in the contract, or in

ea. When required, the minimum percent

area for in

4di
4L

Pl

ridual shall be as specified

in TABLE I1 or as specified on the applicable drawing.

3.4.5.3

¥ T e]
1

specimens shall be as specified in TABLE II

strength
3.4.5.4

shall be

R B
Al Jdlle> S .

or as specified

TaTde o~ v
neil

as specified on

the contract or order.

Charpy V-notch impact resistance. When required, the
value for individual Charpy V-nctch impact resistance

for the average yield

on the applicable drawing.

A £ 1
hardn for any forgings

n

. A 1
eguirea, ness vaaue

e

o]

the applicable engineering drawing or in
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TABLE I1I. Mechanical properties.

Yield strength Minimum reduction of area Minimum Charpy
(0.10 percent offset) (Single value) V-notch impact
p.s.i. percent (%) resistance at
-40F + 2F
(single value)
foot-pounds
Trans, Long. Trans. Long.
60,000 - 69,999 40 50 55 85
70,000 - 79,999 40 50 50 80
80,000 - 89,999 40 50 45 70
90,000 - 99,999 40 50 40 60
106,000 - 10%,99sS 40 50 35 50
110,000 - 119,999 40 50 35 50
120,000 - 129,999 40 50 35 45
130,000 - 139,985 35 45 30 40
140,000 - 149,999 30 40 25 35
150,000 - 159,999 30 40 20 30
160,000 - 169,995 25 35 15 25
170,000 - 180,000 25 35 15 20

3.4.5.5 Transverse properties. Unless otherwise specified on an

applicable engineering drawing, mechanical tests shall be taken

in the transverse direction; i.e.; such that the lengthwise axis

of the test specimen is at right angles to the grain flow of the
forging. When the thickness of the sample or the forging pre-

longitudinal spe-

cimens for the determination of yield streéength, reduction of
area, or impact resistance shall apply.

10
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3.5 Process controls,

3.5.1 Heat treatment., When mechanical properties are specified

om @ e s e e = & S S, _ Ll a1 PR
nimum neait trieat process Slailii COnsisdu

[8

=ma 1 9 929 oe=A £ 092\ Lk o
SCC l.cL. 4 Nna o©e.«) LIl I
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of normalizing, austenitizing, quenching in an agitated 1liquid,
and tempering. The heat treatment shall be applied to the whole
of the forging and never to a portion only, except when localized
h

eat treating is specified in the drawing.

w

.5.2 Repair welding. Unless approved by the Contracting

fficer prior to repairing forgings, forgings shall not be

o

Q

by the Contractin

"
o

ired by welding. When welding 1s permitte
lred Dy en welding 1s permitte

W A s g s LAY

s

ep
Officer, with concurrence of the applicable engineering activity
and responsible Product Assurance Directorate, it shall be done
prior to final heat treatment. The contractor's request shall

include all information necessary for analysis and decision(see

6.4). The responsible development engineer shall assist the

v r~rantral
-

1 n mal
4Ly wUllva v n

1
41k auna
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OCantyarcrtina NFEFfFirer an inA analy wao
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decision.

3.5.2.1 Test plate. The mechanical properties of the welded

bt mYabta lcan £ aehall ha otk A Tk thAa yamrmiack £
Lo L LJ.LGLC o Vv ollal i e suUubdnlI Leeu PR §) LIIE ftTyureosu LUK

b

.4)
repair welding. The test plate shall be prepared in accordance

with paragraph 5.19 of AWS D1.1 titled "Groove Weld Plate

Qualification Test for Plate of Limited Thickness"™. The side
bend specimen call-out shall be disregarded. The welded test

plate shall be the same material as the forging and shall have

undergone the same heat treatment process as the forging. The

11
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test plate shall be of such size that three transverse tension
spe
can be obtained. These specimens shall be tested as specified in
ASTM E8 and ASTM E23, respectively. The mechanical properties of

i L : 211 kg {em smmAy ammas urd e annli i
the specimens shall be in accordance with the applicable drawing.

3.6.1 Ssurface. All forgings shall be free from cracks, forging

laps, seams and shuts.

3.6.2 Internal. When specitied in the contract or order (see

6.2), the soundness of steel materials used in forgings shall be
determined by macroetching. For acceptance, the material shall

with the guirements of ASTM E381 as follows:

r

a. Carbon steel - Equal to or better than S-3, R-2, C-3
inclusive shall be acceptable,

[,

b. Alloy steel

W

6 square inches or less:

Acceptable to S-3 inclusive

Over 36 square inches:
Acceptable to S-3 inclusive
R-3 inclusive

to C-3 inclusive

3.6.3 Cleanliness. When cleanliness is specified (see 6.2), bars

and billets shall conform to the requirements of AMS 2301.

12
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3.6.4 Wake bar. No wake bars shall be allowed for retesting for

4.7.1.1 and

o
(-

grades A, , B, and C forgings except those allowed by

4

£
Y

7.1.2, ke bars are not necessary for grade D forgings.

3.7 Metallographic requirements. When specified in the invitation

for bids, contract, or order, the austenitic grain size and metal
flow patterns shall conform to the requirements of the applicable
engineering drawings, if stated thereon.

3.8 Magnetic particle inspection. Unless otherwise specified in

+ha 1
CiiT 1

J

ivitation for bids, contract, or

0
~

der
cer

(U8

7 7 H

be subject to magnetic particle inspection. No cracks are accep-

table, Cracks include heat treating cracks, shrink, laps, fla-

L
kes, and bursts.

3.9 Cimensions and tolerances. Dimensions and dimensional

tolerances shall be as specified on the applicable engineering

A em o -
Uurawi

lgc

3.9.1 praft angle. The draft angle shall be seven degrees

maximum., Draft angle is additive to feature tolerance. Any
matching draft angle shall be acceptable.

3.10 Surface roughness. Surface roughness shall be as specified

on the applicable drawing.

shall include the manufacturer's identification number and heat
number or a heat code. When a heat code is used, a cross
reference to the heat number shall appear on the test reports and
packing slips.

13
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3.12 Records. The contractor shall maintain records of the chemi-
cal and physical properties for forging analysis (see 6.4).

3.13 wWorkmanship. The forging shall not contain defects which, due

to their nature, degree, or extent, prevent the fulfillment of the

requirements of this specification. The existence of defects

which cannot be removed by machining the forging to its finished
dimensions shall cause the forging to be rejected even if all
other requirements of the specification are met.

4, QUALITY ASSURANCE PROVISIONS

4.1 Responsibility for inspection. Unless otherwise specified

in the contract, the contractor is responsible for the perfor-
mance of all inspection requirements as specified herein. Except
as otherwise specified in the contract, the contractor may us
his own or any other facilities suitable for the performance of
the inspection requirements specified herein, unless disapproved
by the Government. The Government reserves the right to perform
any of the inspections set forth in the specification where such
inspections are deemed necessary to assure that supplies and ser-
vices conform to prescribed requirements,

Th
i

he i n +the

" ~+ 1 csno
w LR R} aold il ct/\a

nspec ns et forth

ions se cification shall

4.1.1 on sh
become a part of the contractors overall inspection system or
guality program. The absence of any inspection requirements in
the specification shall not relieve the contractor of his respon-
sibility for assuring that all supplies submitted to the

Government for acceptance conform to all requirements of the

Toeveiasosmosara A ve ww v w e emme——— —
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contract.

4 - Mesom V2 s = .
4.2 Quality assurance terms an initions. The quality

;J‘

assurance terms and definitions used in this specification are in

accordance with MIL-STD-109.

4,3 Classification of inspections. The inspection reguirements
specified herein are classified as follows:

a. First article inspection (see 4.5).

b. Quality conformance inspection (see 4.6).
4.4 Inspection conditions. Unless otherwise specified, all

e ~id

inspections shall be performed in accordance with the test con-

ditions specified in the applicable test method document or

4.5 First article inspection. A first article shall be sub-

mitted for inspection in accordance with contract requirements

ve of the

e

see 6.2.d). The first article shall be representat

~_~

production processes to be used during quantity production. The

first article shall be subjected to all inspection specified

herein {(see 4.5.2 and 4

v
Y

an

£\ A .
4,0) iG SucC

:.a
0
)

necessary to determine that all the requirements of the contract

have been met.

4.5.1 First article. ified in the

contract irst article shall consist of a mini-

n
®
o
N
NS
1]
o)
(a4
-
M
()]

mum of one forging.

4,5,2 Inspection provisions.

5.2 A and Al forgings Mechanical property tests

1
il e Bw e islass

le]

4.5.2.1

yield strength, reduction of area, Charpy impact resistance, and

15
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hardness; shall be conducted on the test coupon (see 6.6.6)
obtained by sectioning the forging. The same tests shall be con-
ducted on the test metal (see 6.6.7) of the forging. The mecha-
nical properties shall comply with 3.4.3.1, 3.4.3.2, and 3.4.5.4.
A value difference (see 6.6.8) shall be computed for each of the
following mechanical properties: vyield strength, reduction of
area, and Charpy impact resistance.

4,5,2.2 Grade B forgings. Mechanical property tests: vyield

strength, reduction of area, Charpy impact resistance, and
hardness shall be conducted on the test metal (see 6.6.7) of the
forging. The mechanical properties shall comply with 3.4.3.2 and
3.4.5.4.

4.5.2.3 Grade C forgings. Mechanical property tests: yield

strength, reduction of area, Charpy impact resistance, and
hardness shall be conducted on the test coupon (see 6.6.6)
obtained by sectioning the forging. The mechanical properties
shall comply with 3.4.3.1 and 3.4.5.4.

4.5.2.4 Grade D forgings. Mechanical property tests for hardness

shall be conducted on the surface of the forgings. The mechani-
cal property shall comply with 3.4.5.4.

4.6 Quality conformance inspection. Quality conformance inspec-

tions shall be as specified in TABLE III.

16
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TABLE III. Quality conformance inspection.

Requirement Examination or Test Method
Characteristic Paragraph Test Paragraph Paragraph
Chemical 3.2 4.6.4.6 4.6.7.1
composition
Dimensional 3.9 4.6.7.9 4.6.7.9
Weld repair 3.5.2 4.6.5.1 4.6.7.6
Surface soundness 3.6.1 4,6.5.2.1 4.6.5.2.1
Internal soundness 3.6.2 4.6.5.2.2 4.6.7.7
Metallographic 3.7 4.6.5.2.2.1 4.6.7.7
Cleanliness 3.6.3 4.6.5.3 4,.6.7.8
Identification 3.11 4.6.5.4 4.6.5.4
marking
Packaging 5. 4.6.5.6 4.6.5.6
Workmanship 3.13 4.6.5.5 4.6.5.5
Yield strength 3.4.4, 3.4.5.1 4.6.4 4.6.7.2
Reduction in area 3.4.4, 3.4.5.2 4.6.4 4.6.7.3
Cha?py impact 3.4.4, 3.4.5.3 4.6.4 4.6.7.4
resistance
Hardness 3.4,5.4 4,.6.4 4.6.7.5

4.6.1 Inspection lot. An inspection lot shall consist of all

forgings that are produced from the same individual melt of steel
and produced to the same drawing; and that, if heat treated, are
heat treated together by batch procedures or being passed con-

secutively and continuously through a continuous-type of heat

17
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metal (see 6.6.7) or coupon metal (see 6.6.6) is of insufficient

size to accommodate at least two specimens each, additional
forgings may be tested as directed by the procuring activity.

4,6.2.1 Sample forgings. Forgings (see 6.6.1) that require

mechanical testing, but which are supplied in other than the
final heat-~treated condition, shall be sampled as directed by the
procuring activity. The sample forgings (see 6.6.1) shall be
given the final heat treatment and shall be tested to demonstrate

2
iz

ct

‘v _ N .
apability of cobtaining the s ified mechani

®

(0]
(¢
b

nor
Y-

=

>

.6.2.2 Test metal removal. Unless otherwise specified, test

metal which is not used in guality conformance testing shall be

removed before shipment of forgings.

4.6.2.3 Test values. When a value difference (see 6.6.8) is

calculated, transverse and longitudinal test values shall not be

intermixed.

y

s £ &
fferences (see

o
£
n
[44]
(ad
0

tion change. A

6.6.8) shall be calculated and

0

ed whenever the alloy system or

grade has been changed during production or whenever the heat
treat procedure has been changed during production.

4.6.3 Sampling. Unless otherwise specified in the contract or
in this specification, the formation, size, and presentation of
lots for acceptance inspection shall be in accordance with
MIL-STD-105, and shall be the responsibility of the contractor.
The Government reserves the right to disapprove in its entirety,

+the con
L & w1

tr
L

Q

]
actor's met presentation .

4.6.3.1 For chemical composition. One sample shall be selected

18
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with the ladle analysis.

4.6.3,.2 For dimensions, tolerances, and surface roughness. In

an insnection lot of ten forginags or less,
inspection lIot of ten rorgings or less

(@]

inspected. In an inspection lot of more than ten forgings, ten
forgings plus one forging from each successive group of ten

iman 3
imensions, toler

3

ol =)
iIvT

n

a2
a , and surface

e inspec
roughness shall be measured for conformance to the applicable
drawing.

4,6.3.3 For mechanical properties, When mechanical properties

are specified, the sampling plans (including 100% inspection) for
Grade A, Grade Al, Grade B, Grade C, and Grade D forgings shall
4,6.3.3.1 Grade A. One hundred percent inspection (see 4.6.4.1).
4.6.3.3.2 Grade Al. The test metal (se 6.6.7) of 20 percent of
the forgings in each inspection lot shall be tested for mechani-
cal properties. For lot sizes of ten forgings or less, the test

metal of two forgings shall be tested (see 4.6.4.2).

4,6.3.3.3 Grade B. One hundred percent inspection {(see 4.6.4.3).

3.3.4 Grad

9]
o
(@]

The test cou

of two (2) forgings in each inspection lot shall be tested for

mechanical properties (see 4.6.4.4).

6.3.3.5 gin

()]

~A n
rade D ent of the for

14 il S

(VN
3
(D
(®]

Q

A 2
2. o Joe .

inspection lot shall be hardness tested (see 4.6.4.5).

4.6.4 Tests.
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4.6.4.1 Grade A forgings. The test metal (see 6.6.7) of each

forging shall be tested for the mechanical properties: yield
strength, reduction ot area, Charpy impact resistance, and hard-
ness. By application of value differences (see 6.6.8), computed
in 4.,5.2.1, adjusted values (see 6.6.9) shall be calculated for
yield strength, reduction of area, and Charpy impact resistance,
and shall comply with 3.4.4 for each forging. Hardness testing
of the test metal of each forging shall be conducted in accor-
dance with 4.6.7.5 and shall consist of two indentations.
Individual hardness values of the test metal of each forging
shall comply with 3.4.5.4. Failure of each forging to comply
with both regquirements (3.4.4 and 3.4.5.4) shall be cause for
rejection of the‘forging.

4.6.4.2 Grade Al forgings. Sampling for mechanical properties

of each inspection lot shall be as specified in 4.6.3.3.2. The
test metal (see 6.6.7) of each forging in the sample shall be
tested for the mechanical properties: yield strength, reduction
of area, Charpy impact resistance, and hardness. By application
of value differences (see 6.6.8), computed in 4.5.2.1, adjusted
values (see 6.6.9) shall be calculated for yield strength, reduc-
tion of area, and Charpy impact resistance and shall comply with
3.4.4 for each forging in the sample. Hardness testing of the

Ao~ —

test metal of each forgi

s 1
the sample shall

accordance with 4.6.7.5 and shall consist of two indentations.

Individual hardness values of the test metal of each forging in
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the sample shall comply with 3.4.5.4. Lot acceptance criterion

pae -

1 shall require that

®

h ac forainao n the samnle comnlv with 3 4 4
ac forging n the sample co 1 wilt J.4d.4

and 3.4.5.4.

In addition to the preceding tests, a hardness comparison
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[ uailtio witn 4,0,/.0 and Cconsi 1y vi LwoU
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+
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indentations, shall be performed on the forging surface at dif-

ferent, but approximately the same relative locations on each

forging in the lot. Lot acceptance criterion 2 shall require

a not in th m
g no in t} m

(17
l))
el

le
shall be within plus or minus 25 Brinell hardness numbers, or the

equivalent thereof, of the average hardness of the sample

Failure +to comnlyu wit hot 1a+ arce
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be cause for rejection of the inspection lot.

4.6.4.3 Grade B forgings. The test metal (see 6.6.7) of each

1
I
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forging shal

y
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strength, reduction of area, Charpy impact resistance, and hard-
ness. Mechanical properties shall comply with 3.4.5. Failure to
comply shall be cause for rejection of the forging.

6.4 _4 Grade C foraoinaos gstructive camnl
£.0.4.4 sSrage ¢ rorgings. bestructive sampl

[N

n for mechanical
n ror ec 4

ave! iRiava

Q
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properties shall be as specified in 4.6.3.3.4. The test coupons

(see 6.6.6) of the forgings in the sample (which are obtained by
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properties: yield strength, reduction of area, Charpy impact
resistance, and hardness. Hardness testing of the test coupons

of each forging in the sample shall be conducted in accordance

21
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with 4.6.7.5 and shall consist of two indentations. Lot accep-
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yield strength, reduction of area, Charpy impact resistance, and

individual hardness values of each forging in the sample shall

COmp 2 s &k o] A c
IL) Y WilLIl D440
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In addition to the preceding tests, a hardness comparison

test, conducted in accordance with 4.6.7.5 and consisting of two
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ferent, but approximate the same relative loca
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forging in the lot. Lot acceptance criterion 2 shall require

that the average hardness of each forging not in the sample shall

be within plu

i.ﬂ

or

(et
tn
N
$)
X
~
-
-
D
ot
o

S Brinell hardness numbers, or the

equivalent thereof, of the average hardness of the sample,
Failure to comply with both lot acceptance criteria shall be

cause tor rejection of the inspection lot.

4.6.4.5 Grade D forgings. Sampling for mechanical properties

shall be as specified in 4.6.3.3.5. A hardness test, conducted
in accordance with 4.6.7.5 and consisting of two indentations,
shall be performed on the surface of each forging in the sample
at approximately the same locations. Each individual hardness

\7Q1l|
Vaawu

(0]

in the gamnle all com 3.4 .85 4 Failure of anv
a1l v Saipaie ..:uu.n.a. O JeTeleFoe daianwic QI o aaly

forging in the sample to comply shall be cause for rejection of

the represented inspection lot,
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determined for each heat of steel used in making the forgings for
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compliance with the reguirements of 3.2 using the method of

4.6.5.1 Weld repair. Each forging which has been repaired by

4,6,5.2.1 Surface. Unless otherwise specified, the surfaces of

each forging shall be visually examined for compliance with
3.6.1. Unless otherwise specitied in the contract or order, the
forging shall be subjected to magnetic particle inspection in
accordance with ASTM A275,

4,6.5.2.2 Internal. When specified in the contract or order,

- A ~F + 1 + 1
the soundn cf steel material used for the fcorgings shall be

determined by macroetching to comply with the requirements of 3.6.2.

4.6.5.2.2.1 Metallographic. When specified in the contract or
order, the forging section shall be subjected to macroetching to

determine compliance with 3.7.

4,6.5.3 Cleanliness. When specified in the contract or order,
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4,6.5.4 Identification marking. Forgings shall be examined

visually to determine compliance with marking requirements of

.11
Feddoe

4.6.5.5 Workmanship. Forgings shall be visually examined to

N
w

o~
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determine compliance with the requirements of 3.13. Forgings

P L | _-..'.._ PRpTOR . DR PRy -4 [ P U 7 (R Py - ‘-..‘-L\ - o RO W V% Y -~
ailsplaying evidadence Or poor workmansh p, SUCn as wn€ presence of
seams, laps, injurious segregation, cracks, flakes, etc., and the

presence of burrs, nicks, fins, etc. shall be cause for rejec-
tion,

4.6.5.6 Packa shall be exam

. Qavt

b

.6.5. Packaging. aging ned visually and in

accordance with MIL-P-14232 to determine compliance with the

packaging requirements of Section 5.

A z <
12.0.90

4.6.6.1 Tension specimens. Unless otherwise specified, tension

test specimens shall be machined to the form and dimensions of

the 0.500 (0.505) inch, 0.350 (0.357) inch, or 0.250 (0.252) inch
diameter specimen as shown in ASTM E8. Diameters in parenthesis

refer to NOTE 6 of FIG. 8 titled "Standard 0.500-in. (12.5mm)

~_ (Y T o A e

Round Tension Test Specimen with 2-in. (50mm) Gage Length", of

STM EB.

£33 A

4,6.6.2 Charpy impact specimens. Charpy V-notch impact specimens

shall be machined to the form and dimensions of the standard

Y

lv\
11

\ID

sneh ke
[94

1 o~ Lo
L1111 VD

[

n 20 ~
0.3%4 inch by 0.3 2. inch specimen sho

E23. The notch shall be oriented as shown on the applicable
drawing.

4.6,7 Test methods.

4,6.7.1 Chemical com

ducted in accordance wth Method 111 or 112 of FED-STD-151.

In case of dispute, Method 111 shall be used for referee analysis.

28]
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4.6.7.2 Yield strength. Yield strength shall be determined by

the offset method in accordance with ASTM E8. The limiting off-
set shall be 0.10 percent (0.001 inch per inch of gauge length).

A L
Thn

1]

The rate of stress application when determinir yield

o
(o]

strength shall not exceed 100,000 pounds per square inch per
minute.

4.6.7.3 Reduction of area. Reduction of area shall be determined

in accordance with ASTM E8.

4.6.7.4 Charpy impact resistance., Charpy V-notch impact tests

shall be conducted in accordance with ASTM E23. The temperature
of the test specimen at impact shall be minus 40 degrees F plus

or minus 2 degrees F.

4.6.7.5 Hardness. Hardness tests shall be conducted in accor-

h ASTM E10 or ASTM El18, as applicable.

4.6.7.6 Weld repair. Each forging which has been repaired by

welding shall be examined by standard methods such as magnetic
particle inspection, radiographic inspection, dimensional checks,

etc., to determine compliance with 3.5.2.

4.6.7.7 Macroetch., Macroetching shall be conducted in accor-

.8 Cleanliness. Cleanliness shall be conducted in accor-

dance with AMS 2301.

4,6.,7.9 Dimensions and surface roughness. Forging dimensions

shall be measured or gaged by using standard methods using

appropriate instruments. Surface roughness shall be examined

%}
un
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visually; in case of dispute, a Government approved measuring
instrument shall be used.

4.7 Interpretation of test results.

A 701 + A £ ah i~k Fasd
4.7.1 ejection. Any forging which fails any one of the

el

[¥H

3
)

guality conformance inspections or any other required inspection
specified in the contract or order shall be rejected.

4,7.1.1 Obvious defects. If rejection of a forging can be

traced to the presence of obvious defects (e.g non-metallic) in
the failed test specimen, the test values obtained on that speci-
men may be disregarded subject to the approval of the contracting
officer. Two wake bars (see 6.6.10) shall be substituted for the
defective specimen. When the wake bars have been substituted,
failure of the forging to meet specification requirements based
on test results from the wake specimens shall be cause for rejec-
tion ot the forging, whether or not the wake bars also exhibits
defects,

4.7.1.2 Defective machined specimens, faulty test equipment,

and faulty testing methods. If either a defectively machined

test specimen, faulty test equipment, or faulty operation of the
testing equipment results in the rejection of a forging, the test
values obtained from such specimens may be disregarded subject to
the approval of the Contracting Officer, and another specimen
from the same forging location may be substituted for each such
specimen.

4.7.1.3 Rejected lots. When a test specimen fails to comply

26
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with the applicable requirements of this specification for
reasons other than that specified in 4.,7.1, retesting and

resubmission of each rejected lot shall be allowed to the extent

U

permitted in FED-STD-151.
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e /lel. s found accep-
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v

table under prescribed inspection, the Government may designate

any forging as a check forging. Such a forging shall be tested

at a facility to be designated by the Government, and shall be
subjected to any or all tests specified herein. If the forging

fails to comply with the requirements of the applicable engi-

a3

neering drawing and Table II, two additional forgings sh

[ 2]
o
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4
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(ad
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ted., If both forgings comply with all requirements

th
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shall be accepted. 1If either forging fails to comply with all

the requirements, the lot shall be rejected.
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ts of all tests and
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4. tes

retests, chemical and mechanical, made on each forging (see

6.6.1), its test coupon (see 6.6.6), and its test metal (see

6.6.7) shall be recorded and maintained. Results shall be
provided to the Government procuring activity, the Contracting

Officer, or the Government representative as necessary(see also

3.12).

5.1 Preservation and packaging. Cleaning, drying, preservation

and packaging shall be in accordance with the manufacturer's

commercial practice.
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5.2 Packing. All forgings shall be packed for shipment in a
manner to ensure carrier acceptance and safe delivery at
destination.

5.2.1 Large forgings. Large forgings having projections which

may be damaged in handling shall be crated.

5.2.2 Small forgings. Small rough forgings shall be packed

rigidly in boxes, or shall be shipped in burlap bags.

5.3 Marking. Marking shall be in accordance with MIL-STD-129 in
addition to any special marking required in the contract or order.
6. NOTES

6.1 Intended use.

a. Grades A, Al and B cover steel forgings for critical
applications and highly stressed applications formerly covered by
MIL-S-45203, now cancelled, and superseded by this specifica-
tion.

b. Grades A, Al and B shall not be used for forgings for
gun tubes, breech rings, bomb bodies, recoil and recuperator
pistons and cylinders, and some shells.

c. Grades C and D cover steel forgings for general purpose
applications such, for example, as gear blanks and yokes,
formerly covered by MIL-S-13048, now cancelled, and super-
seded by this specification.

d. Gun tube forgings should be procured under MIL-S-46119.
Breech ring forgings should be procured under MIL-R-10185.

e. This specification is not intended to be used in the
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procurement of bars and billets for reforging.

Procurement documents shm

11
= LU LTIl LS -

following:
a. Title, number and date of the specification.

b Grade cf tor

(=3O L

ging reguired {(see 1.2.1).

c. Applicable drawing number(s), if required.

d. A first article and instructions for submission, if
required (see 3.1).

e. Chemical composition, if specified (see 3.2.1).

f. Requirement for certificate of chemical analysis

_—

2 2 \
Je & ) e

(64}
(M
a
(V%)

. .

g. Cleanliness of material, if required (see 3.6.3).
h. Yield strength, if required (see 3.4.5.1).

s~ on PNy = — < £ [ R Y- | 1 = = ~ 2 Y
UL Ul OL alead, 1l IegQulrIeld (S 3.49.0¢2) ¢
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j. Charpy V-notch impact resistance, if required

(see 3.4.5.3).

k. Hardness, 1 I

f required (see

NN

.4.5.

[
W

o
)
1]
)
1]
)
1]

ired (se

1. Macroetching requirements, if req

1!:
.ﬂ

m. Metallographic requirements, if required (see 3.7).

n. Magnetic particle inspection, if required (see 3.8).

(nd
(nd

o. ea reat condition; if other than annealed or nor-

malized (see 3.5.1).

6.3 When warranted, the contract should specify the application

of MIL-Q-9858 or MIL-I-4520
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’ a

0
o}
ke
T
]
0
je

6.4 Data requirements. When this specification is used in
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an acquisition which incorporates a DD Form 1423, Contract Data

FI
XS
N

and the DD Form 3 is not used, the data specified below shall

hao 1
be delivered by

(ad

h

contractor i
contractor 1

v

ccordanc

L3 S

n e with the contract or

the purchase order requirements, Deliverable data required by

this specification is cited in the following paragraphs:

Paragraphn No. ta Regquirement Title Applicable DID No,
3.1 First Article Inspection DI-T-4902
3.2.3 Certification Data Report UDI-T-23264
3.5.2 Request For Repair Welding
Approval For Forgings Or
Castings DI-P-1637
3.5.2.1, Chemical and Physical Prop-
3.12 erties for Forging Or Cast-
ing Analysis Report DI-P-1638
{(Copies of data item descriptions required by the contractors in

connection with specific acquisition functions should be obtained

from the Naval Publications and Forms Center or as directed by

~—

icer

@)
(a1}
(4}

the Contracting

§.5 Test metal

me La

L))

rom for
r ror

i

|-a

ngs not sampled should be removed from

. g d should -

the forging and identified with the forging number.

6.6 Definitions.

6.6.1 Forging. Forging for the purpose of this specification
shall consist of a mass of matal of sufficient dimensional size
30
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and volume to provide both the required body of the forging from

which a finished component is to be manufactured and the

required integral test metal or prolongation.
6.6.2 Heat treat lot. A heat treat lot consists of two or more

production forgings made from the same heat of steel and either
simultaneously heat treated in a batch type furnace or con-
secutively heat treated in a continuous belt fed heat treatment
furnace.

el ~ b 1 ™ an — - qA— n [ P
DeDeId rL jd 1011 A pPproio

and testing, is the same as test metal (see 6.6.7) and is detined

as an integral extension beyond the body of the forging from which

test specimens ar Th
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diameter and mass distribution of the prolongation shall not be

less than those of the forging at a point coincident with the end
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the original test are known,
6.6.5 Supplies. Supplies includes one or more forgings.

pon is a mass of metal taken from

the body of a forging and includes at least a portion of the
critical areas for which required mechanical properties shall

. \ ,
~1ant Aim
icient dimensional size to

0

ha mat Thao +toc
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h

uffi
provide the necessary chemical and mechanical property test spe-

cimens.

6.6.7 Test metal. Test metal is additional metal which is
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integrally forged and integrally heat treated material external
to the body of the forging. The test metal shall be of suf-

ticient size and volume to provide all necessary test specimens
tor chemical and mechanical property tests as required.

The diameter and mass distribution of the test metal shall not be

less than those of the forging at a point coincident with the end
of the forging from which it extends.

6. 6.8 Value difference, Value difference ig that difforence
................................... e 15 that difference

between the average value of the test for each mechanical property
attribute except hardness of the material test coupon and the
average value of the test for the same mechanical property
attribute except hardness of the respective test metal. The

value difference may be plus or minus. Example: Value difference

.
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3
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= (Firct article tect cnn o valual - (R a toct
\ol¥rst article UTest CC e aiue) (W e tTest

metal average value).

6.6.9 Adjusted value. An adjusted value is a value calculated
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particular mechanical property attribute value of the test metal.

Example: Adjusted value = (Production article test metal value)
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erence;.
6.6.10 Wake bar. A wake bar is a test specimen which is substi-
tuted for another test specimen which has been discarded because
of the presence of local defects caused by or overlooked in the

prenararinn of the qpegimpnA The wake bar should be taken as

close as possible to the site of the original test specimen.
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6.7 Finish-machine contour. The contour of the finish-machined

component including important fillets should be indicated on the
forging drawing or on a separate drawing furnished by the
Contracting Officer.

6.8 International interest. Certain provisions of this speci-

. - W o~
4,5.3 and 4.6.7.4), are the sub

Fh
e

fication (3 . . e}

Sy W e |
teérnacionai

.
(14
Q
ct

standardization agreement NATO STANAG NO. 4020: OQSTAG-129,

When amendment, revision or cancellation of this specification

d, which tes the international

.~ ~ £ £ o
’ WIilliC Il alic

s e~
viol

1]

ects or
agreement concerned, the preparing activity will take
appropriate reconciliation action through international standar-

. i
izZzation ¢

Q.

hannels, including departmental standardization offi-
ces, if required.

6.9 Metric units. When metric units are required, units for

degree Farenheit, pounds per square inch, square inch and inch
may be converted to the metric equivalent by multiplying them by

the following conversion factors:

English Multiply by Equails Metric SI Unit
degree Farenheit tOoC=tOF-32/1.8 = degree Celsius (°C)
pounds per 6.894 = Pascal (Pa)
square inch
square inch 6.452 = (Cm)?2
inch 2.54 = Centimeter (cm)

Note: Conversion factors can be associated with ASTM E 380
entitled "Metric Practice Guide".

revion
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revision to identify changes with respect to the previous issue,

due to the extensiveness of the changes.

Custodian: Preparing activity:
Army-MR Army-MR

Review activities: Project No. FORG-A054
Army-AR

User activities:

Army-ME, AT
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