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STEEL BARS AND FORGINGS

0.90Si - 1.0Cr - 2.0Ni - 3.2Mo - 2.0Cu - 0.10V (0.07 - 0.13C)

Vacuum Arc or Electroslag Remel ted

1. SCOPE:

1.1 Form:
in the

1.2 Applica
minimum
standar

2. APPLICAB

This specification covers a premium aircraft-quality, low
Form of bars, forgings, and forging stock.

Eion:
case hardness and subject to very rigidimagnetic particl
is. These products are suitable for service up to 450°F

| E DOCUMENTS: Tne following publigations form a part of

-alloy steel

Primarily for highly-stressed carbufized parts requiring high

e inspection
(230°C).

this

specification to the extent specified herein. The latest issue qf Aerospace
Material|Specifications and Aerospace Standards shall apply. Thg applicable
issue of|other documents shall be as.specified in AMS 2350.
2.1 SAE Publications: Available from SAE, 400 Commonwealth Drive, Warrendale,
PA 150b6.
2.1.1 Aerospace Material Specifications:
AMS 2P51 - Tolerances, Low-Alloy Steel Bars
MAM 2p51 - Tolerances, Metric, Low-Alloy Steel Bars
AMS 2P59 - Chemical Check Analysis Limits, Wrougnt Low-Alloy dnd Carbon
Steels '
AMS 2B00 -<Premium Aircraft-Quality Steel Cleanliness, Magnetic Particle
Inspection Procedure
MAM 2B00'- Premium Ajrcraft-Qua1ity Stegl Cleanliness, Magnetic Particle

AMS 2

350 - Standards and Test Metﬁods

AMS 2370 - Quality Assurance Sampling of Carbon and Low-Alloy Steels,

Wrought Products Except Forgings and Forging Stoc

K

SAE Technical Board Rules provide that: “This report is published by SAE to advance the state of technical and
engineering sciences. The use of this report isentirely voluntary, and its applicability and suitability for any particular
use, including any patent infringement arising therefrom, is the sole responsibility of the user.”

AMS documents are protected under United States and international copyright laws. Reproduction of these documents
by any means is strictly prohibited without the written consent of the publisher.

Copyright 1987
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2.1.1 (Contd'.)

AMS 2372 - Quality Assurance Sampling of Carbon and Low-Alloy Steels,
Forging and Forging Stock

AMS 2375 - Control of Forgings Requiring First Article Approval

AMS 2806 - Identification, Bars, Wire, Mechanical Tubing, and
Extrusions, Carbon and Alloy Steels and Heat and Corrosion
Resistant Steels and Alloys

AMS 2808 - Identification, Forgings

2.1.2 Aerospace Standards:

AS 118F - Standard Machining Allowance, Aircraft Quality and Pdemium
Quality Steel Products

2.2 ASTM Pubjiications: Available from American Society for Testing and
Materialp, T9T6 Race Street, Philadelphia, PA 19103.

ASTM A37D - Mechanical Testing of Steel Products

ASTM A60f - Macroetch Testing of Consumable Electrede Remelted Stieel Bars
and Billets

ASTM E45| - Determining the Inclusion Content of Steel

ASTM ET12 - Determining Average Grain Size

ASTM E350 - Chemical Analysis of Carbon Steel, Low-Alloy Steel, Slilicon

Electrical Steel, Ingot Iron, and Wrought Iron

2.3 U.S. Government Publications: Available from Commanding Officer,| Naval
PubTications and Forms Center, 5801 Tabor Avenue, Philadelphia, PA 19120.

2.3.1 Military Standards:

MIL-STD-163 - Steel Mill Products, Preparation for Shipment and| Storage
3. TECHNICAL |REQUIREMENTS?

3.1 Composition: Shall-conform to the following percentages by weigh
determingd by wét)chemical methods in accordance with ASTM E350 o
spectrographic or other analytical methods approved by purchaser:

3 v

-
o
<

min ma x
Carbon 0.07 - 0.13
Manganese 0.25 - 0.50
Silicon 0.60 - 1.20
Phosphorus -- 0.015
Sulfur -- 0.010
Chromium 0.75 - 1,25
Nickel 1.60 - 2,40
Molybdenum 3.00 - 3,50
Copper 1.80 - 2,30

Vanadium 0.05 - 0,15
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3.1.1 Check

Analysis:

requi

3.2 Conditi

rements of AMS 2259,

on:

Composition variations shall meet the applicable

The product shall be supplied in the following condition;

hardnesS and tensile strength shall be determined in accordance with

ASTM A3

3.2.1 Bars:

3.2.1.1

70:

Bars 0.500 In, (12.50 mm) and Under in Nominal Diameter or Distance

@ Between Para11g1 Sides: Annealed and cold-finished having tensiTe

q

J

3.2.1.2 Bar

s Over 0.500 In. (12.50 mm) in Nominal Diameter or Dista

ent hardness.,

nce Between

Par

allel Sides:

thd
fin

3.2.2 Forgi
3.2.3 Forgi

ngs :

n 2// HB or equivalent except that bars ordered dnnealed
ished may have hardness as high as 285 HB or equivalent.

Annealed.

ng Stock: As ordered by the forging manufacturer,

3.3 Propert

3.3.1 Macrg

jes:

structure: Visual examination. of transverse sections as

from
in hdg
time
crac
prod
shall
macro
Cross

Hot finished and annealed having hardnéss hot higher

and cold

The product shall conform to,the following requirements.

in 4.3.3

bars, billets, and forging stock, etched in accordance wj
t hydrochloric acid (1:1) at 160° - 180°F (70° - 80°C) f
to develop a well-defined macrostructure, shall show no
s. Porosity, segregation, inclusions, and other imperfe
ct 36 sq in. (230 cm®) and under in nominal cross-sectio
be no worse than the following macrographs of ASTM A604
structure standards for product over 36 sq in. (230 cm?)
-sectional area’shall be as agreed upon by purchaser and
Class Condition Severity
Freckles
White Spots
Radial Segregation

th ASTM A604
r sufficient
ipe or

tions for

al area

in nominal
vendor:

B —
P> >

3.3.2 Micro

D Domdnde
NIy Fatieri

-Inclusion Rating:

determined in accordance with ASTM E45, Method D:

Inclusion Rating

Type A B C D
Thin 2.0 1.5 1.5 1.5
Heavy 1.0 1.0 1.0 1.0

No specimen shall exceed the following Timits,
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3.3.2.1 For Types A, B, and C thin combined, there shall be not more than three

3.3.2.2

3.3.3 Gr
pe

3.3.4 Re

fields of No. 2.0 A type or No. 1.5 B and C types and not more than five
other lower rateable A, B, and C type thin fields per specimen. For
Type D thin, there shall be not more than five No. 1.5 thin fields. Any
number of Tower rateable D type thin fields per specimen is permitted.
There shall be not more than one field each of No. 1.0 Type A, B, or C
or three fields of Type D heavy per specimen. In addition, the
thickness of the D Type heavy shall not exceed 0.0005 in. (0.012 mm).

A rateable field is defined as one which has a Type A, B, C, or D
inclusion rating of at least No. 1.0 thin or heavy in accordance with
the Jernkontoret—chart;Ptate HI;ASIM 45—

ain §ize: Predominantly 6 or finer with occasional grains)as|large as 3

rmisgible, determined in accordance with ASTM El112.

sponge to Heat Treatment: Product 4.0 in. (100 mm)>and under|in nominal

cross-gection shail have hardness not lower than 34-HRC at any Jocation
after Qeing heated to 1675°F + 25 (915°C + 15), held at heat for 15 - 30

mi
no

3.4 Quality:

3.4.1 Steel ghall be premium aircraft-quality conforming to AMS 2300 pr
MAM 2300; it shall be multiple melted using either vacuum arc or

el
3.4.2 Th
co
de

3.4.2.1

3.4.2.2

3.4.3 Ex

gr
ev

3.5 Size

n., and quenched in oil. Hardness of product. over 4.0 in. (1p0 mm) in
minal cross-section shall be as agreed upon by purchaser and yendor.

ectrgslag practice in the remelt cycle.

e prqgduct, as received by.purchaser, shall be uniform in qualjity and
ndition, sound, and free( from foreign materials and from impepfections
trimgntal to usage of the product.

Bars [ordered ground,  turned, or polished shall be free of
decarburization «and from seams, laps, tears, and cracks open to the
ground, turnedy-or polished surfaces.

Prodyct ordered to surface conditions other than ground, turnged, or
polighed. shall, after removal of the standard machining allowpnce, be
free | from seams, laps, tears, cracks, and other defects exposed to the
machined surfaceS. standard machining allowance shall be in accordance
with AS 1182,

cept in areas of die forgings which contain flash line end grain, the
ain flow shall follow the general contour of the forgings, showing no
idence of re-entrant flow.

s: Except when exact lengths or multiples of exact lengths are ordered,

straight bars will be acceptable in mill lengths of 6 - 20 ft (2 - 6 m) but

not

more than 10% of any shipment shall be supplied in lengths shorter than

10 ft (3 m).

3.6 Tolerances: Bars shall conform to all applicable requirements of AMS 2251

or MAM 2251,

O
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4, QUALITY ASSURANCE PROVISIONS:

4.1

Responsibility for Inspection:

The vendor of the product shal

1 supply all

samples for vendor's tests and shall be responsible for performing all

required tests.
required by 4.6.

Results of such tests shall be reported to th

e purchaser as

Purchaser reserves the right to sample and to perform any

confirmatory testing deemed necessary to ensure that the product conforms to
the requirements of this specification.

4,2 Classification of Tests:

4.2.1

4.2.2

4,2.3

4,2.3.1

4,3 Sampl
remel

Acc

pptance TestsT—fests—todetermimeconformance—torequir

com
mic
tol
on

Per

hosition (3.T), condition (3.2), macrostructure (3.3.1)4
ro-inclusion rating (3.3.2), grain size (3.3.3), quality
prances (3.6) are classified as acceptance tests and-shal
pach heat or 1ot as applicable.

jodic Tests: Tests to determine conformance-to requireme

res
sha
of

Pre

bonse to heat treatment (3.3.4) are classified as periodi
1 be performed at a frequency selected.by the vendor unl
testing is specified by purchaser,

production Tests: Tests of forgings to determine conform

app
spe
pri
whe
4.4

F

d
t
c

charg

4.3.1
4,3.2
4.3.3

4.3.4

Bar|

Forgings and Forging Stock:

icable technical requirements ofithis specification when
ified are classified as preproduction tests and shall be
pr to or on the first-article“shipment of a forging to a
n a change in material, processing, or both requires rea
L and when purchaser deems-confirmatory testing to be re

or direct U.S. Military procurement of forgings, substant
aita, and, when reguested, preproduction forgings shall be
e congnizant agency as directed by the procuring activit
pntracting officer, or the request for procurement.

nents for

(3.4), and
1 be performed

nts for
c tests and
ess frequency

ance to all
AMS 2375 is
performed

purchaser,

proval as in
uired.

jating test

submitted to
y, the

t shall be the

ing: Shabltbe as in accordance with the following; a hea
ted ingots produced from steel originally melted as a single furnace
5 £ 'AMS 2370,

AMS 2372,

Samples for macrostructure (3.3.1) testing shall be full cross-sectional
specimens obtained from the finished billet or suitable rerolled product
representing the top and bottom of at least the first, middle, and Tast
usable ingots of each heat.

Samples for micro-inclusion rating (3.3.2) shall consist of not less than
six specimens obtained from the full cross-section of billet stock taken
from the top and bottom of at least the first, middle, and last usable

ingots of each heat.
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