AMS 6529

The Engineering Society
o‘ E For Advancingsl’wobility AEROSPACE
WM (-0 Sea Air and Space MATERIAL

400 COMMONWEALTH DRIVE, WARRENDALE, PA 15096 SPECIFICATION Issued 4-1-87

Submitted for recognition as an American National Standard

STEEL BARS
0.95Cr - 0.20Mo (0.38 - 0.43C) (SAE 4140)
Special Aircraft Quality Cleanliness
Normalized UNS G41400

1. SCOPE: e

1.1 Form:| This specification covers a premium aircraft-quality, Tow-alloy steel
in the form of bars. '

1.2 Application: Primarily for parts required to meét stringent magnetic
1nspection criteria and having sections 0.75 in./(18.8 mm) and |under in
nominal thickness at time of heat treatment.requiring a through-hardening
steel| capable of developing hardness as high'as 40 HRC when praperly
hardened and tempered and also for partscof greater thickness nequiring
propojrtionately lower hardness.

(::) 2. APPLICABLE DOCUMENTS: The followingZpublications forma part of this

. speciffication to the extent specified herein. The latest issue |of Aerospace
Materipl Specifications and Aerospace Standards shall apply. THe applicable
issue pf other documents shall be as specified in AMS 2350,

2.1 SAE Publications: Available from SAE,.400 Cdmmonwea1th Drive, [Warrendale,
F;s Isl igs. : 3 -

2,1.1 Aerpspace Material Specifications: - ' .

AMS| 2251 - Tolerances, Low-Alloy Steel Bars

MAM 2251 -~ Folerances, Metric, Low-Alloy Steel Bars

AMS| 2259/ > Chemical Check Analysis Limits, Wrought Low-Alloy [and Carbon
Steels

AMS[ 2300 ~ Premijum Aircraft-Quality Steel Cleanliness, Magnetlic Particle
Inspection Procedure , :

MAM 2300 - Premium Aircraft-Quality Steel Cleanliness, Magnetic Particle
Inspection Procedure, Metric (SI) Measurement

AMS 2350 - Standards and Test Methods

SAE Technical Board Rules provide that: “This report is published by SAE 1o 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 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. '
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2.1.1 (Cont'd.)

AMS 2370 - Quality Assurance Sampling of Carbon and Low-Alloy Steels,
Wrought Products Except Forgings and Forging Stock

AMS 2806 - Identification, Bars, Wire, Mechanical Tubing, and Extrusions,
Carbon and A]]oy Steels and Heat and Corrosion Resistant

2.1.2 Aerospace

Steels and Alloys
Standards: ’

'

 AS 1182 - Standard Machining A]]owance Aircraft Quality and Premium

2.2 ASTM Publications:

roducts

ASTM A255
ASTM A370
ASTM E]12.
ASTM EB50

t

ASTM EB81

2.3 U.S. Government Publications:

End-Quench Test for Hardenability of Steel
Mechanical Testing of Steel Products
Determining Average Grain Size o
-Chemical Analysis of Carbon Steel, £ow-Alloy Steel, $ilicon
Electrical Steel, Ingot Iron and Wrought Iron

Available from American Society for Testing and
Materials, 1916 Race Street, Philadelphia, PA 19103.

{

Macroetch Testing, Inspection, and Rating Steel Prodicts,

Comprising Bars, Billets, Blooms, and Forgings

Available from Commanding Offlcer-'Naval

PubTicetions and Forms Center 5801 Tabor Avenue, Philadelphia, FPA 19120,

2.3.1 Military Standards

MIL->TD 163 - Steel Mill Products Preparatlon for. Shipment and Storage

3. TECHNICAL REQUIREMENTS.

3.1 Composjtion: Shall ‘eonform to the following percentages by weigmt,
determjned by wet chemical methods in accordance with ASTM E350
spectrographicar other analytical methods approved by purchaser

r by

min max
Carbon 0.38 - 0,43 .
Manganese 0.75 - 1.00
Silicon 0,15 - 0.35
Phosphorus -- 0.015
Sul fur C-- 0.008
Chromium 0.80 - 1.10
Molybdenum 0,15 - 0,25
Nickel - 0.25
Copper -- 0.35

-

3.1.1 Check Analysis: Composition variations

requirements of AMS 2259,

3.2 Condition:

shall meet the applicable
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3.2.1 Hot rolled and normalized at 1650°F + 25 (900°C: + 15).

3.2.1.1 When specified, either a cold drawn or cold finished surface sha]] be

furnished.

3.2.1.1.1 Cold finished surface shall be produced by turning, grinding,
polishing, or burnishing, or a combination thereof; surface hardness
shall be not more than 3 points HRC harder than hardness at

mid-radius, determined in accordance with ASTM A370.

3.2.1.2 Cold finished surface may be furnished when cold drawn or hot rolled or

no| surface condition 1s specified.

3.2.1.3 Colld drawn surface may be furnished when hot rolled orcno surface

copdition IS specified.

3.3 Properties: Bars shall conform to the following requirements; hardness

test1nE shall conform to ASTM A370:

3.3.1 Macrpstructure: Visual examination of transverse sections as
T?OTEbars and billets, etched in accordance with ASTM E381 in
d

hyd
to

in 4.3.1
hot

chloric acid (1:1) at 160° - 180°F (70° - 80°C) for sufficient time
velop a well-defined macrostructuréy shall show no pipe or cracks.

Porosity, segregation, inclusions, and-other imperfections shall be no

worse than the fo]lowing macrogrpahs of ASTM E381:

(4

Section Size

Square Inches Square Centimetres Macrograph

3
Up to 36, incl Up to 230, incl §2 - R1 -[C2
Over] 36 to 100, incl Over 230 to 645, incl -§2 - R2 -|C3
Over| 100 - Over 645 S As agreed jupon

3.3.2 Graipn Size: Predom1nant1y 5 or finer with occasional grains gs large as 3

pernfissible, determined in accordance with ASTM E112,
3.3.3 Har]e

nab111ty Shall be J50 6 min and J44=9 min, determlned qn the
standardend-quench test specimen in accordance with ASTM A25§.

3.3.4 Decar burizatton:

3.3.4.1 Bars ordered cold finished shall be free from decarburization.

3.3.4.2 Allowable decarburization of bars and billets ordered for redrcw1ng or
‘to specified microstructural requ1rements shall be as agreed upon by

purchaser and vendor.
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3.3.4.3

3.3.4.3.1

Decarburization of bars to which 3.3.4.1 or 3.3.4.2 is not applicable
shall be not greater than shown in Table I.

TABLE 1
Nominal Diameter or Distance
Between Parallel Sides - oy Depth of Decarburization
<. Inches . ~ Inch

Up to 0.375, incl 0.010
Over 0.375 to 0.500, incl : 0.012
Over 0.500 to 0.625, incl . j 0.074
Over 0,625 to 1,000, incl 0.017
Over 1.000 to 1.500, incl . : . 0.020
Over 1.500 to 2.000, incl 0.025
Over 2.000 to 2.500, incl 0.030
Over 2.500 to 3.000, incl o 0.035
Over 3.000 to 4.000, incl 0.045

TABLE I (SI)

Nominal Diameter or Distance .
Between Parallel Sides Depth of Decarburization

-Millimetres Millimeters

Up to 9.50, incl 0.25
Ovgr 9.52 to 12.50, incl : : 0.30
Ovér 12.50 to 15.50, incl . - 0.3%5
Over 15.88 to 25.00, incl 0.42
Ovgr 25.00 to 37.50, inol , 0.50.
Over 37.50 to 50.00 incl . 0.62
Ovar 50.00 to 62,505 incl . 0.75
Ovar 62.50 to 75.00, incl 0.88
Ovér -75.00 to 100,00, incl , L 1.12

imits fon depth of decarburization of bars over 4.000 in. [(100.00 mm)
n nominal diameter or distance between parallel sides shalll be as.
dgreed-upon by purchaser and vendor.

ed—by S€ gr by
Rockwe11 Superf1c1a1 30 N sca]e or equ1va1ent hardness testing method
on hardened specimens, protected during heat treatment to prevent
changes in surface carbon content. Specimens for microscopic
examination shall be tempered; specimens for hardness testing shall be
untempered. Depth of decarburization, when measured by a hardness
method, is defined as the perpendicular distance from the surface to the
depth under that surface below which there is no further increase in
hardness. Such measurements shall be far enough away from any adJacent
surface to be uninfluenced by any decarburization or lack of
decarburization thereon.
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3.3.4.4

3.4 Qu
3.4.1

3.4.2

3.4.2.1

3.4.2.2

3.6.1
3.6.1.1

izes|: Except when exact lengths or multiples of exact lengthg

.1 When determining the depth of decarburization, it is permissible to
disregard local areas provided the decarburization of such areas does

not exceed the above limits by more than 0.005 in. (0.12
width is 0.065 in, (1.65 mm) or less.

ality:

mm) and the

Steel shall conform to the cleanliness requirements of AMS 2300 or
MAM 2300. It need not conform to the melting practice requirements of

AMS 2300 or MAM 2300.

sage of the bars,

rs, including those ordered cold drawn, shall, after remg
andard machining allowance, be free from seams, 1aps, tea
d other defects exposed to the machined surfaces. Standa
lowance shall be in accordance with AS 1182.

rs ordered cold finished shall be free from seams, laps,
acks.

ht bars will be acceptable in-mill lengths of 6 - 20 ft (
re than 10% of any sh1pment shall be supplied in lengths
3m).

nces:

, as rece1ved by purchaser, shall be uniform in quality-and condition,
d, and free from foreign materials and from 1mperfect1ons detrimental

val of the
rs, cracks,
rd machining

tears, and

are ordered,
2 - 6 m) but
shorter than

Hot rolled and-cold drawn bars shall conform to AMS 2251 or

; cold finished bars shall conform to Table II or Tablg III as
ilcable,
Dia eter -
goi1ed Bans:
TABLE 11
Specified Diameter i - Tolerance, Minys Only
“INTCNES AR T imetre
Up to 1.000, incl Up to 25.00, incl 0.003 0.08
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3.6.1.2 Straight Bars:

4‘..
4.1

4.2 C]ass1f1
4 2. 1

4.2.2

4.3 Sampling:
4,3.1

4,3.2

4,3.2.1

+

h

TABLE III

Specified Diameter Tolerance,

Minus Only

]
Over 1. 50
Over 2.50
Over 5.00

Inches MilTimetres Inch

p to 1.500,
0 to 2.500,
0 to 5.000,
0 to 5.700,

0.004
0.005
0.006 -
0.008

incl
incl
incl
incl

incl,
incl
incl
incl

Up to
Over 37.5 to
Over 62.5 to
Over 125.0 to

37.5,

62.5,
125.0,
142.5,

MilTimetre

0.10
0.12
0.15
0.20

Over 5.7
QUALITY 2

0 to 7.080, incl Over 14Z.5 to /7.0, 1ncl 0.076

SSURANCE PROVISIONS:

Respons]

bility for Inspection: The vendor of bars shall. supply al

for veng
‘tests.
by 4.4.
confirmg
requiren

{Results of such tests shall be reported to the- purchaser 4§

or's tests and shall be responsible for performing all reg

Purchaser reserves the right to sample and,to perform any
tory testing deemed necessary to ensure that the bars conf
ents of this specification. ‘

cation of Tests:

Accep1

ance Tests:

CompoS$
harden
clean]
perfo

Periodi

med on each heat or lot-as .applicable,

ition (3.1), macrostructure (3.3.1), grain size (3.3.2),
ab111ty (3.3.3), decarburization (3.3.4), and frequency-s

Tests to determine~conformance to requirement

0.40

1 samples
uired
S required

orm to the

s for

verity

iness rating (3.4.1) are.classified as acceptance tests and shall be

ic Tests Tests to-determine conformance to requirements

finish
shall
of tes

Sampl
-speci
repre

ed surface hardness (3.2.1.1.1) are classified as periodic
be performed @t-a frequency selected by the vendor un1ess
ting is specified by purchaser,

Shall)be in accordance with AMS 2370 and the fo110wing

s for macrostructure (3.3.1) rating shall be full cross-se

for cold
tests and
frequency

ectional

ens obtained from the finished billet or suitab1e rero11e

product
nd last

usable ingot of each heat or, in the case of mu1t1p1e ingots poured
simultaneously, the .top and bottom of 10% of the .ingots from each pouring

plate.

AMS 23

00 or MAM 2300 except as follows:

Samples for frequency-severity cleanliness rating (3.4.1) shall conform to

When mu1t1p1e ingots are poured simultaneously, i.e., no pouring

'sequence is identifiable, the samples shall be taken from semi-finished
or finished product represent1ng the top and bottom of at least 20% of
the ingots (evenly distributed among bottom plates) with not less than

one

ingot from each bottom plate.

If the ingot pattern is asymmetrical,

the ingots sampled shall include those most distant from the pouring

spru

€.
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