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SAE Publications:

Available from SAE, 400 Commonwealth Drive, Warrendale, PA 15096-0001.

AMS 2241
MAM 2241
AMS 2243
MAM 2243
AMS 2248

AMS 2300
MAM 2300

AMS 2371

AMS 2374

AMS 2806

AMS 2808

AS1182

ASTM Public

Available fron

ASTM A 370
ASTM A 604

ASTM E 45
ASTM E 112

ASTM E 353

Tolerances, Corrosion and Heat Resistant Steel, Iron Alloy, Titanium,
Alloy Bars and Wire

and Titanium

Tolerances, Metric, Corrosion and Heat Resistant Steel, Iron Alloy, Titanium, and

Titanium. Allny Bars and \Wire

Tolerances, Corrosion and Heat Resistant Steel Tubing

Tolerances, Metric, Corrosion and Heat Resistant Steel Tubing
Chemical Check Analysis Limits, Corrosion and Heat Resistant’ Stee
Maraging and Other Highly-Alloyed Steels, and Iron Alloys

Premium Aircraft-Quality Steel Cleanliness, Magnetic Patticle Inspec
Premium Aircraft-Quality Steel Cleanliness, Magnetie-Particle Inspec
Metric (SI) Measurement

Quality Assurance Sampling and Testing, Corrasion and Heat Resis
Alloys, Wrought Products and Forging Stock

Quality Assurance Sampling and Testing, ‘€errosion and Heat Resis
Alloy Forgings

Identification, Bars, Wire, Mechanical Tubing, and Extrusions, Carbg
Steels and Corrosion and Heat Resistant Steels and Alloys
Identification, Forgings

Standard Machining Allowance, Aircraft-Quality and Premium Aircra
Bars and Mechanical Tubing

htions:

h ASTM, 100 Barr Harbor Drive, West Conshohocken, PA 19428-295P.

Mechanical Testing of Steel Products

s and Alloys,

tion Procedure
tion Procedure,

ant Steels and
ant Steel and

n and Alloy

t-Quality Steel

Macroetch Testing of Consumable Electrode Remelted Steel Bars afd Billets

Petermining the Inclusion Content of Steel

Determinina the Averaage Grain Size
~ ~

Chemical Analysis of Stainless, Heat-Resisting, Maraging, and Othe
Chromium-Nickel-Iron Alloys

3. TECHNICAL REQUIREMENTS:

3.1 Composition:

r Similar

Shall conform to the percentages by weight shown in Table 1, determined by wet chemical methods
in accordance with ASTM E 353, by spectrochemical methods, or by other analytical methods
acceptable to purchaser.
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TABLE 1 - Composition

Element min max
Carbon 0.10 0.25
Manganese - 1.0
Silicon - 1.0
Phosphorus 0020
Sulfur - 0.010
Chromium 13.00 16.00
Nickel 1.75 2.75
Cobalt 11.00 14.00
Molybdenum  3.00 5.00
Vanadium 0.40 0.80
Columbium 0.01 0.05
Copper - 035

3.1.1 Check Analysis: Composition variations shall meget the applicable requirements of AMS 2248.
3.2 Melting Practce:

Steel shall bg double vacuum melted using vacuum induction melting followed by vacuum arc
consumable ¢lectrode remelting practice.

3.3 Condition:

The product ghall be supplied in the following condition; hardness and tensile strength shall be
determined ir] accordance-with ASTM A 370:

3.3.1 Bars:

3.3.1.1 Bars0.5 Inch (1 270 mm) and Underin Nominal Diameter or |l east Distance Between Parallel

Sides: Cold finished having tensile strength not higher than 201.0 ksi (1386 MPa) or equivalent
hardness (See 8.2).

3.3.1.2 Bars Over 0.500 Inch (12.70 mm) in Nominal Diameter or Least Distance Between Parallel
Sides: Hot finished and annealed unless otherwise ordered, having hardness not higher than
388 HB, or equivalent (See 8.3). Bars ordered cold finished may have hardness as high as
401 HB, or equivalent.
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3.3.2 Forgings: As ordered.

3.3.3 Mechanical Tubing: Cold finished, unless otherwise ordered, having hardness not higher than
401 HB, or equivalent (See 8.3). Tubing ordered hot finished and annealed shall have hardness
not higher than 388 HB, or equivalent.

3.3.4 Forging Stock: As ordered by the forging manufacturer.

3.4 Properties:

3.4.1 Macrostruc
forging stog

3.4.2 Micro-Inclu

The product 9
accordance W

(232 cm2) 3
ASTM A 60

ith ASTM A 370:

ure: Visual examination of transverse sections from bars¢billets, tube
k, etched in hot hydrochloric acid, in accordance with ASTM A 604, sk
Porosity, segregation, inclusions, and other imperfegtions for product 3

1 shown in Table 2.

TABLE 2 - Macrostructure Limits

hall conform to the following requirements; hardness testing shall-pe performed in

rounds, and
all show no pipe
6 square inches

nd under in nominal cross-sectional area shall be'no worse than the macrographs of

Frequency, maximum

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

Class Condition Severity
1 Freckles A
2  MWhite Spots A
3 Radial Segregation B
4> Ring Pattern B
bion Rating:)NO specimen shall exceed the limits shown in Table 3, defermined in
accordanceg with ASTM E 45, Method D.
TABLE 3 - Micro-Inclusion Rating Limits
A A B B C C D D
Thin Heavy Thin Heavy Thin Heavy Thin Heavy
Worst Field Severity 15 1.0 1.0 1.0 1.0 1.0 15 1.0
Worst Field Frequency, * 1 * 1 * 1 3 1
maximum
Total Rateable Fields, o 1 x 1 xk 1 8 1
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3.4.2.1 A rateable field is defined 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 Ill, ASTM E 45.

3.4.3 Average Grain Size: Shall be ASTM No. 4 or finer, determined in accordance with ASTM E 112.

3.4.4 Response to Heat Treatment: Specimens, protected by suitable means or treated in a neutral
atmosphere or neutral salt to minimize scaling and prevent either carburization or decarburization,
shall have average hardness not lower than 45 HRC after being heated to 2000 to 2050 °F

3.4.5 Decarburizgtion:

3.45.1

3.45.2

3.4.5.3

(1093 to 11

] °(‘) hy any convenient means_held to pnllmliw: at temperature, ail nluenched to

150 °F (66

that temperpture for not less than 1 hour, and tempered for 2 hours + 0.25 at900
(482 to 524{°C).

Bars and

ground, tdrned, or polished surfaces.

Allowablel decarburization of bars, billets, and tube rotinds ordered for redrawin

specified

Decarbur
shown in

C) or lower, air cooled to room temperature, cooled to -110 °F (-79-°C

tubing ordered ground, turned, or polished shall be‘free from decarbu

microstructural requirements shall be asagreed upon by purchaser aj

zation of bars to which 3.3.5.1 or 3.3,5.2 is not applicable shall be not]
Table 4.

TABLE 4A - Maximum Decarburization, Inch/Pound Units

Nominal Diameter or Least Distance  Total Depth of

or lower, held at
to 975 °F

ization on the

j or forging or to

d vendor.

greater than

Between Parallel Sides Decarburization
Inches Inch
Up to 0.500, incl 0.015
Over 0.500 to 1.000, incl 0.030
Over 1.000 to 2.000, incl 0.040
Over2.000-t0-3-000-ine! 0050
Over 3.000 to 4.000, incl 0.065
Over 4.000 to 5.000, incl 0.095
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TABLE 4B - Maximum Decarburization, S| Units

Nominal Diameter or Least Distance  Total Depth of

Between Parallel Sides

Decarburization

Millimeters Millimeters

Up to 12.70, incl 0.38
Over 12.70to 25.40, incl 0.76
Over 25.40to 50.80, incl 1.02
Over 50.80to 76.20, incl 1.27
Over 76.20to 101.60, incl 1.65
Over 101.60 to 127.00, incl 2.41

3.4.5.4 Decarburization of tubing to which 3.3.5.1 or 3.3.5.2 is not applicable shall be npt greater than

shown in [Table 5.

TABLE 5A - Maximum Decarburization, Inch/Pound Units

Nominal Outside Diameter
Inches

Total Depth of
Decarburization
Inch

Up'te1.000, incl
Over 1,000 to 2.000, incl
Over-2;000 to 3.000, incl
Over3.000 to 4.000, incl
Over 4.000 to 5.000, incl

0.025
0.035
0.045
0.055
0.080

TABLE 5B - Maximum Decarburization, Sl Units

Nominal Outside Diameter
Millimeters

Total Depth of
Decarburization
Millimeters

Upto 25.40, incl
Over 25.40 to 50.80, incl
Over 50.80 to 76.20, incl
Over 76.20 to 101.60, incl
Over 101.60 to 127.00, incl

0.64
0.89
1.14
1.40
2.03
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3.4.5.5 Decarburization shall be measured by the metallographic method, by HR 30N scale hardness
testing method, or by the microhardness transverse method on a hardened but untempered
specimen protected during heat treatment to prevent changes in surface carbon content. 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 decarburization on the adjacent surface. In case of dispute, the depth of
decarburization determined using the microhardness transverse method shall govern.

3.4.5.5.1 Whend
provide
0.005 in

3.5 Quality:

The product,
from foreign 1

| the decarburization of such areas does not exceed the above limits
ch (0.13 mm) and the width is 0.065 inch (1.65 mm) or less.

As received by the purchaser, shall be uniform in quality and condition
naterials and from imperfections detrimental to usage of the product.

3.5.1 Steel shall he premium aircraft-quality conforming to AMS 2300 or MAM 2300.

3.5.2 Barsandtu
of the stanad
and cracks

3.5.3 Grain flow ¢
general cor

3.6 Tolerances:
Shall be as fd
3.6.1 Bars: In acq

3.6.2 Mechanical

bing ordered hot rolled or cold drawn or ground, turned, or polished sh
ard machining allowance in accordance with AS1182, be free from se
open to the ground, turned, or polished surfaces.

f die forgings, except in areas which contain flash-line end grain, shal
tour of the forgings showing no evidence of re-entrant grain flow.

llows:
ordance\with AMS 2241 or MAM 2241.

Tuhing: In accordance with AMS 2243 or MAM 2243.

etermining the depth of decarburization, it is permissible to disregard Iocal areas

Dy more than

sound, and free

all, after removal
ams, laps, tears,

follow the

4. QUALITY ASSURANCE PROVISIONS:

4.1 Responsibility for Inspection:

The vendor of the product shall supply all samples for vendor’s tests and shall be responsible for the
performance of all required tests. Purchaser reserves the right to sample and to perform any
confirmatory testing deemed necessary to ensure that the product conforms to specified
requirements.
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4.2

Classification of Tests:

4.2.1 Acceptance Tests: Composition (3.1), condition (3.3), macrostructure (3.4.1), micro-inclusion rating
(3.4.2), average grain size (3.4.3), response to heat treatment (3.4.4), decarburization (3.4.5), and
tolerances (3.6) are acceptance tests and shall be performed on each heat or lot as applicable.

4.2.2

4.3

43.1

4.3.2

4.3.3

4.3.3

4.3.3

4.4

4.5

.1 Specimens from bars shall be full cross-sections of the bar, ground on both facg

.2 Specimer]s from mechanical tubing shalkbe full cross-sections of the tubing, sh

Periodic Tests: Frequency-severity cleanliness rating (3.5.1) and grain flow of die

are periodic tests and shall be performed at a frequency selected by the vendor u
of testing is annr‘ifind hy Ihlll’{"hQQPI’

forgings (3.5.3)
nless frequency

Sampling and Testing:

Shall be as fgllows:
Bars, Mechpnical Tubing, and Forging Stock: In accordance with AMS 2371.
Forgings: In accordance with AMS 2374.

Samples fof response to heat treatment (3.4.4) shall be<as follows:

axis so thpt length is 0.500 inch + 0.010 (12.70 mm % 0.25).

bs normal to the

bll have wall

thickness| not over 0.625 inch (15.88-tam) with wall thicknesses over 0.625 inch (15.88 mm)

being turrjed to 0.625 inch + 0.0107(15.88 mm + 0.25), and shall be ground on b
length is 0.500 inch + 0.010 (12.70 mm % 0.25).

Reports:
The vendor of the productshall furnish with each shipment a report showing the reg

chemical composition,.macrostructure, micro-inclusion rating, and response to heat
each heat anfl for@verage grain size of each lot, and stating that the product confo

oth faces so that

ults of tests for
treatment of
ms to the other
hnd lot numbers,

technical requirements. This report shall include the purchase order number, heat
AMS 5932A, size,and guanti orgings-are supplied,the part number and the
source of stock used to make the forgings shall also be included.

Resampling and Retesting:

Shall be as follows:

4,5.1 Bars, Mechanical Tubing, and Forging Stock: In accordance with AMS 2371.

4.5.2 Forgings: In accordance with AMS 2374.

size and melt
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