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1. SCOPE:

1.1 Form: This specification covers a premium aircraft-quality, lToy-alloy steel
in the florm of bars, forgings, mechanical tubing, and forging stfock.

1.2 Applicatlion: Primarily for parts, such as bearing components, for service
up to 500°F (260°C) and requiring a through-hardening steel capable of
developijng hardness not lower than 60 HRC incross—sections 3 ipches (76 mm)
and under.

2. APPLICABLEE DOCUMENTS: The following publications form a part of|this
specification to the extent specifiedCherein. The latest issue ¢f SAE
publicatijons shall apply. The applicable issue of other publications shall
be as specified in AMS 2350.

2.1 SAE Publlications: Available from SAE, 400 Commonwealth Drive, Warrendale,
PA  15096.

" 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 is entirely 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 protécted 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 - 1990 Society of Automotive Engineers, Inc.
All rights reserved. . Printed in U.S..A.
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2.1.1 Aerospace Material Specifications:

AMS 2251 - Tolerances, Low-Alloy Steel Bars

MAM 2251 - Tolerances, Metric, Low-Alloy Steel Bars

AMS 2253 - Tolerances, Carbon and Alloy Steel Tubing

MAM 2253 - Tolerances, Metric, Carbon and Alloy Steel Tubing

AMS 2259 - Chemic?l Check Analysis Limits, Wrought Low-Alloy and Carbon
Steels

AMS 2300 -~ Premium Aircraft-Quality Steel Cleanliness, Magnetic Particle

Inspection Procedure
MAM 2300 - Premium Aircraft-Quality Stegl Cleanliness, Magnetic Particle

AMS 235Q¢ - Standards and Test Methods
AMS 237Q -~ Quality Assurance Sampling of Carbon and Low-Alloy Steels,
Hrought Products Except Forgings and Forging.Stock
AMS 2373 - Quality Assurance Sampling of Carbon and Low=<ATloy Steels,
Forgings and Forging Stock
AMS 2804 - Identification, Bars, Wire, Mechanical Tubing, and Extrusions,
Carbon and Alloy Steels and Corrosion ‘and Heat Reslistant
Steels and Alloys

AMS 2808 ~ Identification, Forgings

2.1.2 Aerospade Standards:

AS1182 4 Standard Machining Allowance, Aircraft Quality and Premium
Aircraft-Quality Steel -Products

2.2 ASTM Publications: Available from'ASTM, 1916 Race Street, Philadelphia, PA

19103.

ASTM A 37Q - Mechanical Testing of Steel Products

ASTM A 604 -~ Macroetch Testing of Consumable Electrode Remelted Steel Bars
and Billets

ASTM E 45| - Determining the Inclusion Content of Steel

ASTM E 35Q - Chemicali‘Analysis of Carbon Steel, Low-Alloy Steel, [Silicon
Electrical Steel, Ingot Iron, and Wrought Iron

2.3 U.S. Government Publications: Available from Commanding Officer,  Naval
Publicatigns \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
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3. TECHNICAL REQUIREMENTS:
3.1 Composition: Shall conform to the following percentages by weight,

@ determined by wet chemical methods in accordance with ASTM E 350, by
spectrochemical methods, or by other analytical methods acceptable to
purchaser:

min max
Carbon 0.80 - 0.90
Manganese 0.20 - 0.50
SiTicon 0.60 - 0.90
Phosphorus -— 0.015
Sulfur - 0.015
Chromium 0.85 - 1.15
Molybdenum 0.50 - 0.65
Nickel - 0.15
Copper - 0.15
3.1.1 Check [Analysis: Composition variations shallmeet the appliceble
requirlements of AMS 2259.
3.2 Conditidn: The product shall be suppliedoin the following condjtion;
hardness and tensile strength shall be ‘determined in accordance|with
ASTM A 370.
3.2.1 Bars:
3.2.1.1 Barg 0.500 Inch (12.70 mm) .and Under in Nominal Diameter or|Distance
0 ‘Between Parallel Sides: ,Hot finished and annealed, with mi¢rostructure
of gpheroidized cementite in ferrite matrix, and having tensile strength
not [higher than 1055000 psi (724 MPa) except that bars ordered annealed
and |cold finished'‘may have tensile strength as high as 125,000 psi
(862 MPa).
3.2.1.2 Bars Over 0-500 Inch (12.70 mm)_in Nominal Diameter or Distance Between
Paralllel Sides: Hot finished and annealed, with microstructure of
spheroidized cementite in ferrite matrix, and having hardness not higher
than 207 HB, or equivalent, except that bars ordered annealed and cold
finishedmay—havehardness ST TS 48 B oOr—eqtivate .
3.2.2 Forgings: As ordered.
3.2.3 Mechanical Tubing: Annealed and cold finished, with microstructure of

spheroidized cementite in ferrite matrix, and having hardness not higher
than 24 HRC, or equivalent, except that tubing ordered hot finished and
annealed shall have hardness not higher than 95 HRB, or equivalent.

3.2.4 Forgin

g Stock:

As ordered by the forging manufacturer.
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3.3 Properties: The product shall conform to the following requirements;
tensile and hardness testing shall be performed in accordance with
ASTH A 370:

3.3.1 Macrostructure: Visual examination of transverse sections as in 4.3.3
)] from bars, billets, tube rounds or tubes, and forging stock, etched in

accordance with ASTM A 604, shall show no pipe or cracks. Except as
specified in 3.3.1.1, porosity, segregation, inclusions, and other
imperfections for product 36 square inches (232 cm) and under in
nominal cross-sectional area shall be no worse than the following
macrographs of ASTM A 604; macrostructure standards for product over 36
square frehes—€232—emer—tmrrnomimat—cross=sectiomat—area—shatH—be as
agreed ppon by purchaser and vendor:

Cllass Condition Severity
1 Freckles A
2 Hhite Spots A
3 Radial Segregation B
4 Ring Pattern B

3.3.1.1 If tupes are produced directly from ingots-or large blooms, fransverse
sectipns may be taken from tubes rather than tube rounds.
Macroptructure standards for such tubes shall be as agreed upon by
purchaser and vendor.

3.3.2 Micro-Ipclusion Rating: No specimen as in 4.3.4 shall exceed fhe
followipg 1imits, determined in“accordance with ASTM E 45, Method D:

A B G D
Thin Heavy Thin Heavy Thin Heavy Thin Heavy

Horst Field Seperity 1.5()°1.0 1.0 1.0 1.0 1.0 1.5 1.0

Horst Field Frgquency, * 1 * 1 * 1 3 1
maximum

Total Rateable|Fiedds, R ] ¥ 8 1

Frequency, maximum

* Combined A+B+C, not more than 3 fields
%  Combined A+B+C, not more than 8 fields

3.3.2.1 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, Plate III, ASTM E 45.

= o = -~ —= - ~~~— Distributed under license from the IHS Archive
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3.3.3 Response to Heat Treatment: Specimens as in 4.3.5, protected by suitable

means or treated in a neutral atmosphere to minimize scaling and prevent
either carburization or decarburization, shall have substantially uniform
hardness not Tower than 66 HRC at any point below any permissible

decarb

urization after being placed in a furnace which is at

1600°F + 10 (871°C + 6), allowed to heat to 1600°F + 10 (871°C + 6), held
at heat for 20 minutes + 2, and quenched in commercial paraffin oil

(100 S

US at 100°F (38°C)) at room temperature.

3.3.4 Hardness Retention: Specimens as in 4.3.5, hardened as in 3.3.3, shall
have room temperature hardness not lower than 60 HRC after being heated
for 400 hours + 1 at 500°F + 10 (260°C + 6). The specimens may be the

pecimens used for the test of 3.3.3.
3.3.5 urization: _
3.3.5.1 Barg and tubing ordered ground, turned, or polished shall be free from
decgrburization on the ground, turned, or polished surfaces
Decarburization on tubing ID shall not exceed{the maximum depth
speqgified in 3.3.5.4.
3.3.5.2 A11 wable decarburization of bars, billets, and tube rounds|ordered for
redrfawing or forging or to specified microstructural requirements other
than spheroidized cementite in a ferrite matrix shall be as|agreed upon
by purchaser and vendor.

3.3.5.3 Decdrburization of bars to which 3.3.5.1 or 3.3.5.2 is not applicable

shalll be not greater than shown in Table I.
TABLE I
Nomijnal Diameter or Distance Depth of
etween Parallel’Sides Decarburization
Inches Inch
Up)to 0.500, incl 0.015
Over 0.500 to 1.000, incl 0.020
Ovler 15000 to 1.500, incl 0.025
Ovie¥-1.500 to 2.000, incl 0.030
Over Z.000 to Z.500, incl 0.035
Over 2.500 to 3.000, incl 0.040
Over 3.000 0.045
ﬁ\ .{ Distributed under Iife\from the IHS Archive
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3.3.5.4

3.3.5.5

3.3.5.5.1

3.4

3.4.1
0

St
MA
ma
mu

¢y
3.4.2

Quality:

TABLE I (SI)

Depth of
Decarburization
Mitlimetres

Nominal Diameter or Distance
Between Parallel Sides
Millimetres

Up to 12.
.70 to 25.
40 to 38.
10 to 50.
80 to 63.
50—to—76-

20

incl .38
incl
incl
incl
fncl

2 h ]
THaLi

70,
40,
10,
80,
50,

AN

Over 12
Over 25.
Over 38.
Over 50.
Ovar—63-
Over 76.

—_——_, QOO O0O

Decarpurization of tubing to which 3.3.5.1 or 3.3.5.2s not
shalll be not greater than 0.025 inch (0.64 mm) on the2ID and
(0.64 mm) on the outside diameter.

Decarfpurization shall be measured by the microscopic method

Rockwell Superficial 30-N scale or equivalent)hardness testi
hardgned but untempered specimens protected<during heat trea
prevant changes in surface carbon content," Depth of decarbu
when [measured by a hardness method, is-defined as the perpen
distance from the surface to the depth under that surface be
therd is no further increase in hardness. Such measurements
far dnough away from any adjacentZsurface to be uninfluenced
decarjpurization or lack of decarburization thereon,

Hh

dis
not
wid

n determining the depth-of decarburization, it is permi
regard local areas provided the decarburization of such

th 1s 0.065 inch.(1.65 mm) or less.

eel ghall be-premium aircraft-quality conforming to AMS 2300
M 2300 except’ that a maximum average frequency (F) rating of
ximunl average severity (S) rating of 0.20 shall apply. Stee
1tiplle-melted using consumable electrode vacuum practice in

applicable
0.025 inch

or by

ng method on
tment to
rization,
dicular

Tow which
shall be

by any

ssible to
areas does

exceed the above -1imits by more than 0.005 inch (0.13 mm) and the

or

0.10 and a
1 shall be

the remelt

cle.

The product, as received by purchaser, shall be uniform in quality and

condition, sound, and free from foreign materials and from imperfections

de
3.4.2.1

trimental to usage of the product.

Bars and tubing ordered ground, turned, or polished shall be
seams, laps, tears, and cracks open to the ground, turned, o
surfaces.

free from
r polished

A
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3.4.2.2 Product ordered to surface conditions other than ground, turned, or
polished shall, after removal of the standard machining allowance, be
free from seams, laps, tears, cracks, and other-defects exposed to the
machined surfaces. Standard machining allowance shall be in accordance
with AS1182.

3.4.3 Grain flow of die forgings, except in areas which contain flash-line end
0 grain, shall follow the general contour of the forgings showing no
evidence of re-entrant grain flow.

3.5 Sizes: Except when exact lengths or multiples of exact lengths are ordered,
straighttars—and—tubing—wittbeacceptabte—nmiti—engths—off 6 ~ 20 feet
(1.8 -[6.1 m) but not more than 10% of any shipment shall beCqupplied in
lengthp shorter than 10 feet (3 m).

3.6 Tolerapces: Shall conform to all applicable requirements of fhe following:
3.6.1 Barsf AMS 2251 or MAM 2251.

3.6.2 Mechanical Tubing: AMS 2253 or MAM 2253.
4. QUALITY[ASSURANCE PROVISIONS:

4.1 Responpibility for Inspection: The vendor of the product shalll supply all
sampleg for vendor's tests and shallibe responsible for performing all

requirpd tests. Results of such tésts shall be reported to tHe purchaser as
requirgd by 4.4. Purchaser reserves the right to sample and o perform any

confirpmatory testing deemed netessary to ensure that the prodyct conforms to
the refiuirements of this specification.

4.2 ClassiFication of Tests:

4.2.1 Acceptance Tests: (Tests for the following requirements are [acceptance
testp and shall _be’ performed on each heat or lot as applicahle:

4.2.1.1 Copposition<(3.1) of each heat.
4.2.1.2 Copdition of each lot of bars (3.2.1) and mechanical tubing (3.2.3).

4.2.1.3 Ma;nost#uetu#e—43w3*44——miene—4ne4usien-;a#ing—4373—24——¥esponse to heat
treatment (3.3.3), and frequency-severity cleanliness rating (3.4.1) of
each heat.

4.2.1.4 Decarburization (3.3.5) of each lot of bars and mechanical tubing.

4.2.1.5 Tolerances of bars and mechanical tubing (3.6).

Distributed under license from the IHS Archive
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4,2.2 Periodic Tests: Tests for hardness retention (3.3.4) are periodic tests

4.3

Sampling and Testing:

and shall be performed at a frequency selected by the vendor unless

frequency of testing is specified by purchaser.

Shall be in accordance with the following; the number
of specimens to be sampled shall be the minimum number of specimens tested.

A heat shall be the consumable electrode vacuum remelted ingots produced
from steel originally melted as a single furnace charge:

4.3.1
4.3.2
4.3.3

4.3.4

4.3.5

4,3.5.1

4.3.5.2

4.3.5.3

Bars and Mechanical Tubing: AMS 2370.

Forgings mmd_forgimg_StockT—AMS2372;

Samples flor macrostructure rating (3.3.1) shall be full cross-se
specimens| obtained from the finished billet or suitable rerolled
representfing the top and bottom of at least the first, middle, a
usable ingot of each heat.

Samples flor micro-inclusion rating (3.3.2) shall consist of not
six specimens obtained from the full cross—-section of billet sto
representling the top and bottom of at least the<first, middle, a
usable ingot from each heat.

Specimens| for response to heat treatment:€3.3.3) and hardness re
(3.3.4) tests shall be as follows:

Specimens from bars shall be full cross-sections of the bar, g
both fajces normal to the axis so-that length is 0.500 inch + 0
(12,70 pm £ 0.25).

Specimeps from mechanical tubing shall be full cross-sections

ctional
product
nd last

fess than
Ck
nd last

tention

round on
L010

pf the

tubing,| shall have wall..thickness not over 0.500 inch (12.70 mm) with

wall thiicknesses over. 0.500 inch (12.70 mm) being turned to
0.500 ipch + 0.010. ¢12.70 mm + 0.25), and shall be ground on b
so that| Tength 1¢%0.625 inch + 0.010 (15.88 mm + 0.25).

Specimeps from forgings shall be sections of the forgings grou

that thickness is 0.500 inch + 0.010 (12,70 mm + 0.25

if necefssary; specimens need got have surface area of one face
)

bth faces

nd on both
), or less
greater

7

4.4 Reports:
4.4.1 The vendor of bars, forgings, and mechanical tubing shall furnish with

each shipment a report showing the results of tests for chemical

composition, macrostructure, micro-inclusion rating, response to heat
treatment, and frequency-severity cleanliness rating of each heat and,

when performed, the results of tests for hardness retention.

This report

shall include the purchase order number, lot number, AMS 6426D, size, and

quantity. ,
source of stock used to make the forgings shall also be included

If forgings are supplied, the part number and the size and melt
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