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2.1 SAE Publications
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and Canada) or +1 724-776-4970 (outside USA), www.sae.org.
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3. TECHNICAL REQUIREMENTS
3.1 Composition

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

Table 1 - Composition

Element Min Max
Carbon 0.29 0.36
Manganese 0.40 0.70
Silicon 0.10 0.40
Phosphorus -- 0.015
Sulfur -- 0.005
Chromium 2.80 3.30
Nickel - 0.30
Molybdenum 0.70 1.20
Vanadium 0.15 0.35
Copper -- 0.10

3.1.1  Check Analysi$
Composition variations] shall meet the applicable requirements of AMS2259:
3.2 Melting Practice

Steel shall be double [vacuum melted, using vacuum induction\melting followed by vacuum arc|consumable electrode
remelting.

3.3 Condition

The product shall be sppplied in the following condition; hardness and tensile strength shall be determined in accordance
with ASTM A370:

3.3.1 Bars
Bar shall not be cut from plate (also see ‘4.4.2).
3.3.1.1  Bars 0.500 Ipch (12.70-mm) and Under in Nominal Diameter or Least Distance Between Parallel Sides

Cold finished having tensile’strength not higher than 125 ksi (862 MPa) or equivalent hardness (seg 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, having hardness not higher than 255 HBW, or equivalent (see 8.3). Bars ordered cold finished
may have hardness as high as 269 HBW or equivalent (see 8.3).

3.3.2 Forgings
As ordered.
3.3.3 Mechanical Tubing

Cold finished, having hardness not higher than 272 HBW, or equivalent (see 8.3). Tubing ordered hot finished and annealed
shall have hardness not higher than 248 HBW or equivalent (see 8.3).
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3.3.4 Forging Stock
As ordered by the forging manufacturer.
3.4 Properties

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

3.4.1  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 A604, shall show no pipe or cracks. Porosity, segregation,
inclusions, and other imperfections shall be no worse than the macrographs of ASTM A604 shown in Table 2.

Table 2 - Macrostructure

Class Condition Severity
1 Freckles A
2 White Spots A
3 Radial Segregation B
4 Ring Pattern B

3.4.1.1  Macrostructdre examination is not required for bored/hollow tubes (including ring forgings){and mechanical tubing
that is produg¢ed directly from ingots or blooms unless otherwise 'agreed upon by purchaser|and producer (see 8.9)

3.4.1.2 If mechanicql tubing is produced directly from ingots or large blooms, transverse sections|may be taken from the
tubing. Macrpstructure standards for such tubes shallbe as agreed upon by purchaser and producer (see 8.9).

3.4.2 Micro-Inclusion Rating of Each Heat
No specimen shall exceed the limits shown in Table 3,determined in accordance with ASTM E45, Method D.

Table-3 -'Micro-inclusion rating limits

A A B B C C D D

Type Thin  Heavy Thin Heavy Thin Heayy Thin Heavy

Worst Field Severity 1.5 1.0 1.0 1.0 1.0 1.0 1.5 1.0
Worst Field Frequengy, maximum a 1 a 1 a 1 3 1
Total Rateable Fields| Frequenhey, maximum b 1 b 1 b 1 5 1

a - Combined A+B+C, not more than three fields.
b - Combined A+B+C, not moreithan eight fields.

3.4.2.1 A rateable field is defined as one which has a type A, B, C, or D inclusion rating of af fleast No. 1.0 thin or heavy
in accordance ASTM E45.

3.4.3 Average Grain Size of Bars, Forgings, and Tubing

Shall be ASTM No. 6 or finer determined in accordance with ASTM E112.

3.4.4 Response to Heat Treatment of Bars, Forgings, Tubing, and Forging Stock

The product (see 4.3.3) shall have the properties shown in Table 4 after being austenitized by heating to 1690 °F £+ 15 °F

(921 °C £ 10 °C), holding 1 to 3 hours, and quenching in oil, followed by tempering for 2 hours minimum at not lower than
1110 °F (599 °C).
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3.4.5 Decarburization

3.4.5.1

Table 4 - Longitudinal mechanical properties

Property Value

Tensile Strength, min
Yield Strength 0.2%, min
Elongation in 4D, min
Charpy V-notch, min
Hardness

165 ksi (1138 MPa)
138 ksi ( 951 MPa)
13%

50 ft-Ib (68 J)

352 to 388 HBW, or equivalent (see 8.3)

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

polished surfaces. Decarburization on tubing ID shall not exceed the maximum depth specified in Table 6.

3.45.2

Allowable de¢carburization of bars, billets, and tube rounds ordered for redrawing or.

microstructufal requirements shall be as agreed upon by purchaser and producer.

3.453

Table 5A - Maximum depth of decarburization, inch/pound units

Nominal Diameter or Distance Total Depth of

Between Parallel Sides Decarburization

Inches Inches

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
Over 2.000 to 3.000, incl 0.050
Over 3.000 to 4.000, incl 0.065
Over 4.000 to 5.000, incl 0.095

Table 5B - Maximum depth of decarburization, SI units

Nominal Diameter or Distance Total Depth of

Between Parallel Sides Decarburization
Millimeters Millimeters
Upto 12.70, incl 0.38
Over\*12.70to 25.40, incl 0.76
Over 25.40to 50.80, incl 1.02
Over 50.80to 75.20, incl 1.27
Over 75.20to 101.60, incl 1.65
Over 101.60 to 127.00, incl 2.41

forging or to specified

Decarburizafion of bars that 3.4.5.1 or 3.4.5.2 is not applicable shall be not greatér than ghown in Table 5.

3454

Table 6A - Maximum depth of decarburization, inch/pound units

Nominal Total Depth of
Outside Diameter Decarburization
Inches Inches
Up to 1.000, incl 0.025
Over 1.000 to 2.000, incl 0.035
Over 2.000 to 3.000, incl 0.045
Over 3.000 to 4.000, incl 0.055

Over 4.000 to 5.000, incl 0.080

Decarburization of tubing that 3.4.5.1 or 3.4.5.2 is not applicable shall be not greater than shown in Table 6.
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3.45.5

3.4.5.5.1 Metallogra

Table 6B - Maximum depth of decarburization, SI units

Nominal Total Depth of
Outside Diameter Decarburization
Millimeters Millimeters

Up to 25.40, incl 0.64
Over 25.40to 50.80, incl 0.89
Over 50.80to 75.20, incl 1.14
Over 75.20to 101.60, incl 1.40
Over 101.60 to 127.00, incl 2.03

Decarburization shall be evaluated by one of the two methods of 3.4.5.5.1 or 3.4.5.5.2.

phic (Microscopic) Method

A cross section taken| perpendicular to the surface shall be prepared in accordance with AST

examined metallograp
or partial decarburizati
3.455.2 Hardness
The total depth of dec
accordance with ASTM

changes in surface car
by any decarburization

3.45.6 When deter
decarburizat
is 0.065 inch

3.457 Incase ofd
method shal

3.5 Quality

|

ically at a magnification not to exceed 100X. The product shall not shew-a la
bn exceeding the limits of Tables 5 or 6.

Microindentation) Traverse Method

parburization shall be determined by a traverse method<using microindentat
E1077. Samples shall be hardened, but untempered;and protected during he
bon content. Measurements shall be far enough away. from any adjacent sur
on the adjacent surface. Acceptance shall be as.listed in Tables 5 or 6.

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

spute, the total depth of decarburization determined using the microindentz
govern.

M E1077, etched, and
yer of complete (ferrite)

on hardness testing in
at treatment to prevent
ace to be uninfluenced

mining the depth of decarburization, it S ‘permissible to disregard local areas provided the

D.13 mm) and the width

tion hardness traverse

The product, as received by purchaser, shalllbe uniform in quality and condition, sound, and free frof foreign materials and

from imperfections det

imental to usage'of the product.
bremium aireraft-quality conforming to AMS2300.

hanical ‘tubing shall be free from seams, laps, tears, and cracks after re
vance in accordance with AS1182.

moval of the standard

3.5.1 Steel shall be
3.5.2 Bars and med

machining allo
3.5.3

forgings showing no evidence of reentrant grain flow.

3.6 Tolerances
3.6.1 Bars

In accordance with AM
3.6.2 Mechanical Tu
In accordance with AM

3.7 Exceptions

S2251.
bing

S2253.

Any exceptions shall be authorized by the purchaser and reported as in 4.4.4.

Grain flow of die forgings, except in areas which contain flash-line end grain, shall follow the general contour of the
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4. QUALITY ASSURANCE PROVISIONS

4.1 Responsibility for Inspection

The producer of the product shall supply all samples for producer’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 product conforms to specified requirements.

4.2 Classification of Tests

4.21 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 Periodic Tests

Frequency-severity rafing (3.5.1) and grain flow of die forgings (3.5.2) are periodic tests and shall be performed at a
frequency selected by fhe producer unless frequency of testing is specified by purchaser.

4.3 Sampling and Tgsting

4.3.1 Bars, Mechanigal Tubing, and Forging Stock
In accordance with AMS2370.

4.3.2 Forgings
In accordance with AMIS2372.

4.3.3 Samples for Response to Heat Treatment

Samples shall be extralcted from the full cross section of the product, except that product over 2 inchhes (50 mm) in nominal
diameter, or least distance between parallelsides may be forged or machined to 2 inches (50 mm) pefore testing.

4.4 Reports

441 The producer ¢f bars, forgings, and tubing shall furnish with each shipment a report showing the producer identity,
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, macrostructure, and micro-inclusion rating of each heat and for average grain size
and response {o heat treatment, including the tempering temperature used, of each lot, and|stating that the product
conforms to the other technical requirements. This report shall include the purchase ordey number, heat and lot
numbers, AMS6481E, 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.

442 If the ship size/shape is cut from a larger cross section, report the nominal metallurgically worked size (see 3.3.1).

443 The producer of forging stock shall furnish with each shipment a report showing the producer identity, 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, macrostructure, micro-inclusion rating and response to heat treatment of each heat, and
the results of any additional property requirements imposed by 8.6. This report shall include the purchase order
number, heat number, AMS6481E, size, and quantity.
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