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2.1 SAE Publications

Available from SAE International, 400 Commonwealth Drive, Warrendale, PA 15096-0001, Tel: 877-606-7323 (inside USA
and Canada) or +1 724-776-4970 (outside USA), www.sae.org.

AMS2251

AMS2253

AMS2259

AMS2304

AMS2370

AMS2372

AMS2759/1

AMS2761

AMS2806

AMS2808

AS1182

ARP1110

ARP1917

2.2 ASTM Publicatio

Available from ASTM
Tel: 610-832-9585, ww|

ASTM A255

ASTM A370

ASTM A751

ASTM E112

ASTM E140

ASTM E381

ASTM E1077

Tolerances Low-Alloy Steel Bars

Tolerances Carbon and Alloy Steel Tubing

Chemical Check Analysis Limits Wrought Low-Alloy and Carbon Steels

Steel Cleanliness, Special Aircraft-Quality Magnetic Particle Inspection Procedure

Quality Assurance Sampling and Testing Carbon and Low-Alloy Steel Wrought Products and Forging Stock

Quality
Heat T
Heat T
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Identifi

Stands
Mecha
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Alloys
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Mecha
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Rockwell Hardness, Superficial Hardness, Knoop Hardness, Scleroscope Hardness, and Leeb Hardness

Macroetch Testing Steel Bars, Billets, Blooms, and Forgings
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3. TECHNICAL REQUIREMENTS
3.1 Composition

Shall conform to the percentages by weight shown in Table 1, determined in accordance with ASTM A751 or by other
analytical methods acceptable to purchaser.

Table 1 - Composition

Element Min Max
Carbon 0.38 0.43
Manganese 0.65 0.85
Silicon 0.15 0.35
Phosphorus -- 0.015
Sultur - 0.00c
Chromium 0.70 0.90
Nickel 1.65 2.00
Molybdenum 0.20 0.30
Copper -- 0.35

3.1.1  Aluminum, vangadium, and columbium are optional grain refining elements @nd need not be|determined or reported
unless used to|satisfy the average grain size requirements of 3.3.2.2.

3.1.2 Check Analysig
Composition variations|shall meet the applicable requirements of AMS2259.
3.2 Condition
The product shall be sypplied in the following condition; hardhess shall be determined in accordange with ASTM A370:
3.21 Bars
Normalized at 1650 °F [+ 25 °F (899 °C + 14 °C) and tempered, having hardness at mid-radius nof higher than 322 HBW,
or equivalent (see 8.3)| Bars shall have a turhed, ground, polished, or burnished surface; surface hardness shall be not
more than 3 points HRC harder than mjd+radius hardness. Bars with a mid-radius hardness less|than 20 HRC shall not
have a surface hardnegs greater than that/of the mid-radius hardness by the equivalent of 20 HBW
3.2.1.1  When hot finjshed or celd drawn bars are specified, the surface hardness shall be not mpore than 3 points HRC

harder than {he mid-radius hardness as in 3.2.1. Bars with a mid-radius hardness less|than 20 HRC shall not
have a surfage hardness greater than that of the mid-radius hardness by the equivalent gf 20 HBW.

3.2.1.2 Bar shall notlbe-cut from plate (also see 4.4.2)
3.2.2 Forgings

Normalized and tempered in accordance with AMS2761 having hardness not higher than 322 HBW, or equivalent (see 8.3).
3.2.3 Mechanical Tubing

Normalized and tempered having hardness not higher than 322 HBW, or equivalent (see 8.3). Tubing 1.0 inch (25 mm) and
under in nominal OD shall be cold reduced; larger sizes shall be hot rolled.

3.2.4 Forging Stock

As ordered by the forging manufacturer.
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3.3 Properties

The product shall conform to the following requirements; hardness testing shall be performed in accordance with
ASTM A370:

3.3.1  Macrostructure

Visual examination of transverse full cross-sections from bars, billets, tube rounds (solid, not hollow), and forging stock,
etched in hot hydrochloric acid in accordance with ASTM E381, shall show no pipe or cracks. Porosity, segregation,
inclusions, and other imperfections shall be no worse than the macrographs of ASTM E381 shown in Table 2.

Table 2 - Macrostructure limits

Cross-Section Area Cross-Sectional Area

Square Inches Square Centimeters Macrographs

Upto 36, incl Up to 232, incl S2-R1-C2

Oyer 36 to 100, incl Over 232 to 645, incl S2-R2-C2

Over 100 to 133, incl Over 645 to 858, incl S2-R2-5C3
Over 133 Over 858 Note 1

Not¢ 1: Limits for larger sizes shall be agreed upon by purchaser and producer:

3.3.1.1  Macrostructy
tubing that is

producer (se

re examination is not required for bored/hollow forgings"(including ring fo:l‘gings) and mechanical

produced directly from ingots or large blooms unless otherwise agreed Upon by purchaser and
b 8.9).
3.3.1.2  If mechanica
tubing. Macr

tubing is produced directly from ingots or large’ blooms, transverse sections
pstructure standards for such tubes shall be ‘as agreed upon by purchaser a

may be taken from the
nhd producer (see 8.9).

3.3.2 Average Grain|Size of Bars, Forgings, and Tubing

Average grain size shall be determined by either 3.3.2.4-or 3.3.2.2.

3.3.2.1  Shall be ASTIM No. 5 or finer, determined’in accordance with ASTM E112.

3.3.2.2 The product pf a heat shall be considered to have an ASTM No. 5 or finer austenitic grain size if one or more of

the following |are determined by heat analysis (see 8.6):
3.3.2.2.1 A total alurhinum content-of 0.020 to 0.050%.
3.3.2.2.2  An acid soluble aluminum content of 0.015 to 0.050%.
3.3.2.2.3 A vanadiur ‘eontent of 0.02 to 0.08%.
3.3.2.24 A columbium content of 0.02 to 0.05%.

3.3.3 Hardenability of Each Heat

Shall be J 12/16 inch (J19 mm) = 53 HRC, minimum, and J 20/16 inch (J32 mm) = 50 HRC, minimum, determined on the
standard end-quench test specimen in accordance with ASTM A255 except that the steel shall be normalized at 1600 °F
1+ 10 °F (871 °C £ 6 °C) and the specimen austenitized at 1550 °F + 10 °F (843 °C + 6 °C ). Cast specimens do not need to
be normalized.

3.3.4 Decarburization

3.3.4.1 Bars and tubing ordered ground, turned, or polished shall be free from decarburization on the ground, turned, or

polished surfaces.
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3.34.2

3.3.4.3

3.34.4

Allowable decarburization of bars, billets, and tube rounds ordered for redrawing or forging or to specified
microstructural requirements shall be as agreed upon by purchaser and producer.

Decarburization of bars, for which 3.3.4.1 or 3.3.4.2 are not applicable, shall not exceed the values shown in

Table 3.

Decarburizat
Table 4.

Table 3A - Maximum total depth of decarburization, inch/pound units

Nominal Diameter or Distance Total Depth of

Between Parallel Sides Decarburization

Inches Inches

Up to 0.375, incl 0.010

Over 0.375 to 0.500, incl 0.012
Over 0.500 to 0.625, incl 0.014
Over 0.625 to 1.000, Incl 0.0T7
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 0.035
Over 3.000 to 4.000, incl 0.045

Table 3B - Maximum total depth of decarburization, Sl units

Nominal Diameter or Distance Total Depth of

Between Parallel Sides Decarburization
Millimeters Millimeters

Upto 9.50, incl 0.25
Over 9.50to 12.50, incl 0.30
Over 12.50to 15.65, incl 0.36
Over 15.65to 25.00, incl 0.43
Over 25.00to  37.50;Nncl 0.51
Over 37.50to 50.00; incl 0.64
Over 50.00 to (62:50, incl 0.76
Over 62.50 to "75.00, incl 0.89
Over 75.00to 100.00, incl 1.14

on of tubing, for'which 3.3.4.1 or 3.3.4.2 are not applicable, shall not exce

Table 4A-- Maximum total depth of decarburization, inch/pound units

ed the values shown in

Total Depth  Total Depth
Nominal Wall Thickness ID oD

Inches Inches Inches

Up to 0.109, incl 0.008 0.015

Over 0.109 to 0.203, incl 0.010 0.020
Over 0.203 to 0.400, incl 0.012 0.025
Over 0.400 to 0.600, incl 0.015 0.030
Over 0.600 to 1.000, incl 0.017 0.035
Over 1.000 0.020 0.040
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3.3.4.5

Table 4B - Maximum total depth of decarburization, Sl units

Total Depth Total Depth
Nominal Wall Thickness ID oD
Millimeters Millimeters Millimeters
Upto 2.75, incl 0.20 0.38
Over 2.75to 5.00, incl 0.25 0.51
Over 5.00to 10.00, incl 0.30 0.64
Over 10.00 to 15.00, incl 0.35 0.76
Over 15.00 to 25.00, incl 0.40 0.89
Over 25.00 0.50 1.02

Decarburization shall be evaluated by one of the two methods of 3.3.4.5.1 or 3.3.4.5.2.

3.3.4.51 Metallogra

A cross section taken

bnic (IMicroscopic) Method

perpendicular to the surface shall be prepared in accordance withyAST)

examined metallographically at a magnification not to exceed 100X. The product shall‘not shg

decarburization (ferrite

3.3.4.5.2 Hardness ]
The total depth of dec
accordance with ASTM
changes in surface car
by any decarburization

3.3.4.6
decarburizati
is 0.065 inch
3.3.4.7 In case of dis
shall govern.

3.3.5 Tensile Proper

After being heat treated
range of 180 to 200 ks
1.2.2).
3.3.5.1  Unless other
within a toler

or partial decarburization exceeding the limits of Tables 3 or 4.
[raverse (Microindentation) Method
E1077. Samples shall be hardened, but untempered and protected during h

bon content. Measurements shall be far enoughtaway from any adjacent sun
on the adjacent surface. Acceptance shall be @s listed in Tables 3 or 4.

When determining the depth of decarburization, it2is permissible to disregard loc

pn of such areas does not exceed the above limits by more than 0.005 inch
(1.65 mm) or less.

pute, the depth of decarburization determined using the microindentation ha

ies

in accordance witt AMS2761 or AMS2759/1 at the producer’s option, to an
i (1241 to 1379\MPa), product shall have a transverse reduction of area n

wise Specified, the strain rate shall be set at 0.005 in/in/min (0.005 mm/m
ance’of £0.002 in/in/min (0.002 mm/mm/min) through 0.2% offset yield strai

M E1077, etched, and
w a layer of complete

rburization shall be determined by a traverse method.using microindentation hardness testing in

bat treatment to prevent
face to be uninfluenced

al areas provided the
0.13 mm) and the width

rdness traverse method

Lltimate tensile strength

bt lower than 15% (see

m/min) and maintained
n. After the yield strain,

the speed of

the‘testing machine shall be set between 0.05 and 0.5 in/in (0.05 and 0.5 nim/mm) of the length of

the reduced section (or distance between the grips for specimens not having a reduced section) per minute.
Alternatively, an extensometer and strain rate indicator may be used to set the strain rate between 0.05 and
0.5 in/in/min (0.05 and 0.5 mm/mm/min).

3.4 Quality

The product, as received by purchaser, shall be uniform in quality and condition, sound, and free from foreign materials and

from imperfections detr|

imental to usage of the product.
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3.4.1

3.4.2
removal allowa

3.4.3

Steel shall be special aircraft-quality conforming to AMS2304.

nce in accordance with AS1182.

forgings showing no evidence of reentrant grain flow.

3.5 Tolerances

3.5.1 Bars

In accordance with AMS2251.

Bars and mechanical tubing shall be free from seams, laps, tears, and cracks after removal of the standard stock

Grain flow of die forgings, except in areas that contain flash-line end grain, shall follow the general contour of the

3.5.2 Mechanical Tu
In accordance with AM
3.6 Exceptions

Any exception shall be
4. QUALITY ASSURA
4.1 Responsibility fo

The producer of the prg
required tests. Purchas

hing

52253.

authorized by purchaser and reported as in 4.4.5.
NCE PROVISIONS
Inspection

duct shall supply all samples for producer'sitests and shall be responsible fg
er reserves the right to sample and to perform any confirmatory testing deem|

that the product conforms to specified requirements.

4.2 Classification of ]

421 Acceptance Te
Composition (3.1), con
(3.3.4), frequency-seve
each heat or lot as app

[ ests
sts
Jition (3.2), macrostrueture (3.3.1), average grain size (3.3.2), hardenability

rity cleanliness rating/(3.4.1), and tolerances (3.5) are acceptance tests anc
licable. If grain refining elements (3.3.2.2) are not present, the ASTM E112

shall be conducted on

ach lot. If process qualification in accordance with AMS2304 has been met

cleanliness rating shall [pe condugeted on a periodic basis as defined in AMS2304.

4.2.2 Periodic Tests

r the performance of all
ed necessary to ensure

3.3.3), decarburization
| shall be performed on
grain size test (3.3.2.1)
the frequency-severity

If grain refining elements {3 3 2 2) are present the ASTM F112 grain size test (33 2 1) shall be G

nducted on a periodic

basis and shall be performed at a frequency selected by the producer (not to exceed one year) unless frequency of testing
is specified by purchaser. Tensile properties after heat treatment (3.3.5) and grain flow of die forgings (3.4.3) are periodic
tests and shall be performed at a frequency selected by the producer unless frequency of testing is specified by purchaser.

4.3

4.3.1

Sampling and Testing

Bars, Mechanical Tubing, and Forging Stock

In accordance with AMS2370.

4.3.2 Forgings

In accordance with AMS2372.
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4.4 Reports
4.4.1 The producer of bars, forgings, and tubing shall furnish with each shipment a report showing the producer identity,

442

443

444

country where the metal was melted (e.g., final melt in the case of metal processed by multiple melting operations),
results of tests for composition, condition, macrostructure, hardenability, and frequency-severity rating of each heat,
and for the average grain size if measured of each lot, and stating that the product conforms to the other technical
requirements. This report shall include the purchase order number, heat and lot numbers, AMS6409F, product form
and size (and/or part number, if applicable), and quantity. If forgings are supplied, the size and melt source of stock
used to make the forgings shall also be included. If the grain size requirement of 3.3.1.2 is met by the aluminum,
vanadium and/or columbium content, the aluminum, vanadium and/or columbium content shall be reported and a
statement that the chemistry satisfies the grain size requirement shall be included.

If the ship size/shape is cut from a larger cross section, report the nominal metallurgically worked size (also
see 3.2.1).

The producer

the metal was
for compositio
4.4 4)and the
order number,

forging stock shall furnish with each shipment a report showing the prodace

elted (e.g., final melt in the case of metal processed by multiple melting-ope
, macrostructure, hardenability, and the frequency-severity cleanlifess rg
esults of any additional property requirements imposed by 8.9. Thisreport sh
heat number, AMS6409F, size, and quantity.

identity, country where
rations), results of tests
ting of each heat (see
all include the purchase

Reduced Testing

If the producer has qua
the frequency severity
shall read, “Process qu

445 When materia
requirements li
because of the

4.5 Resampling and
451 Bars, Mechani
In accordance with AM
4.5.2 Forgings

In accordance with AM

453 Cleanliness

ified for periodic testing for frequency-severity cleanlifess rating in accordan
Cleanliness rating is not required to be reported for each shipment. In this
alification in accordance with AMS2304 has bgen completed.”

produced to this specification has excéptions authorized by purchaser
sted in Section 3, the report shall contain a statement “This material is certifi
following exceptions:” and the specifi¢ exceptions shall be listed (also see 5
Retesting

al Tubing, and Forging Stock

52370 except that resampling for cleanliness shall conform to 4.5.3.

52372 except that resampling for cleanliness shall conform to 4.5.3.

ce with AMS2304, then
Circumstance the report

taken to the technical
bd as AMS6409F (EXC)
2.1).

If any specimen fails to meet the specified frequency-severity cleanliness requirements, the entire heat shall be rejected or
resampling and retesting shall be performed as follows:

4.5.3.1

Nonconforming Ingot(s)

Reject or take additional discard, resample, and retest.

4.53.2

Ingot(s) Not Originally Sampled

Sample and test material from the respective nonconforming position(s), i.e., top or bottom, of two additional ingots for each
nonconforming ingot. The ingots selected for additional samples shall be from locations in the pouring plate pattern closest
to the nonconforming ingot(s).

4.5.3.3 If the noncon

forming ingot(s) fail(s) the retest, repeat 4.5.3.1.
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