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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

AMS2300

AMS2310

AMS2370

AMS2372

AMS2750

AMS2806

AMS2808

ARP1110

AS1182

AS7766

2.2 ASTM Publicatio

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

ASTM A370
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ASTM E112

ASTM E140

ASTM E1077
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Estimating the Depth of Decarburization of Steel Specimens

2.3 Definitions

Terms used in AMS are defined in AS7766.
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3. TECHNICAL REQUIREMENTS
3.1 Composition

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

Table 1 - Composition

3.1.1  The producer 1

of any elemen
specified by th
3.1.2

Composition variations
apply over maximum o

3.2 Melting Practice

The product shall be d
electrode remelting (VA

3.3 Condition

The product shall be s
with ASTM A370:

3.3.1 Bars

Check Analysis

Element Min Max
Carbon 0.37 0.44
Manganese 0.50 0.95
Silicon 2.60 2.85
Phosphorus -- 0.015
Sulfur -- 0.010
Chromium 0.65 1.05
Nickel 1.50 210
Molybdenum 0.30 0.55
Vanadium 0.10 0.30

hay test for any element not listed in Table 1 and include this’analysis in the
t not listed in the composition table is not a basis for. fejection unless lim
b purchaser.

p

shall meet the applicable requirements of AMS2259, except that check ana
nly.

puble vacuum melted, using.¥acuum induction melting (VIM) followed by v4
\R).

ipplied in the fellowing condition; hardness and tensile strength shall be det

3.3.1.1 Bars 0.500 i

finished havi

3.3.1.2

¢h(492.70 mm) and under in nominal diameter or least distance between par

report of 4.5. Reporting
its of acceptability are

ysis limits carbon shall

lcuum arc consumable

ermined in accordance

allel sides shall be cold

N2

dness (

Bars over 0.500 inch (12.70 mm) in nominal diameter or least distance between parallel sides shall be hot finished,
annealed, or normalized and tempered having hardness not higher than 311 HBW, or equivalent (see 8.3).

3.3.1.3 Bar shall not be cut from plate (see 4.4.2).
3.3.2 Forgings
Forgings shall be normalized and tempered having hardness not higher than 311 HBW, or equivalent (see 8.3).

3.3.3 Mechanical Tubing

Mechanical tubing shall be annealed, normalized, and tempered or cold finished having hardness not higher than 33 HRC,
or equivalent (see 8.3).
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3.3.4 Forging Stock
Forging stock shall be as ordered by the forging manufacturer.
3.4 Properties

The product shall conform to the following requirements; tensile and hardness testing 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.

3.4.1.1  Macrostructu
tubing that i
producer (se
3.4.1.2 If mechanicg
tubing. Macr

3.4.2 Average Grain

The average grain size
with ASTM E112.

Table 2 - Macrostructure limits

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

re examination is not required for bored/hollow forgings (including ring for|
5 produced directly from ingots or blooms unless otherwise agreed upon
e 8.8).

| tubing is produced directly from ingots arilarge blooms, transverse sections
petch standards for such tubes shall be‘as agreed upon by the purchaser an

Size of Bars, Forgings, and Mechanical Tubing

of bars, forgings, and mechanical tubing shall be ASTM No. 6 or finer, det

H

ing ordered ground, turned, or polished shall be free from decarburization or
aces. Decatburization on tubing ID shall not exceed the maximum depth spgq

carbdrization of bars, billets, and tube rounds ordered for redrawing or for
alrequirements shall be agreed upon by the producer and purchaser.

hings) and mechanical
by the purchaser and

may be taken from the
d producer (see 8.8).

ermined in accordance

the ground, turned, or
cified in Table 4.

ging or to be specified

3.4.3 Decarburizatio
3.4.3.1 Bars and tuh
polished sur
3.4.3.2 Allowable dg
microstructu
3.4.33

Where 3.4.3.1 or 3.4.3.2 are not applicable, decarburization of bars shall be not greater than shown in Table 3.
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Table 3A - Maximum total depth of decarburization, bars, inch/pound units

3434

Where 3.4.3

Ta

Nominal Diameter or Distance Total Depth of
Between Parallel Sides Decarburization
Inches Inches
Up to 0.375, incl 0.015
Over 0.375 to 0.500, incl 0.017
Over 0.500 to 0.675, incl 0.019
Over 0.675 to 1.000, incl 0.022
Over 1.000 to 1.500, incl 0.025
Over 1.500 to 2.000, incl 0.030
Over 2.000 to 2.500, incl 0.035
Over 2.500 to 3.000, incl 0.040
Over 3.000 to 5.000, incl 0.045

Table 3B - Maximum total depth of decarburization, bars, S| units

Nominal Diameter or Distance Total Depth of
Between Parallel Sides Decarburization
Millimeters Millimeters
Upto 9.52,incl 0.38
Over 9.52to 12.70, incl 043
Over 12.70 to 15.88, incl 0.48
Over 15.88 to 25.40, incl 0.56
Over 25.40 to 38.10, incl 0.64
Over 38.10 to 50.80, incl 0.76
Over 50.80 to 63.50, incl 0.89
Over 63.50 to 76.20, incl 1.02
Over 76.20 to 127.00, in¢l 1.14

1 or 3.4.3.2 are not applicable;decarburization of tubing shall be not greater

ble 4A - Maximum total depth of decarburization, tubing, inch/pound un

than shown in Table 4.

its

Total Depth of Total Depth of

Nominal Diameéteror Distance Decarburization Decarburization
Between'RParallel Sides Inches Inches

Inches ID oD

Up to 0.109, incl 0.008 0.015
Over0.109 to 0.203, incl 0.010 0.020
Qver 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

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

Total Depth of Total Depth of
Decarburization Decarburization
Nominal Wall Thickness Millimeters Millimeters

Millimeters ID oD
Upto 2.77,incl 0.20 0.38
Over 2.77to 5.16, incl 0.25 0.51
Over 5.16 to 10.16, incl 0.30 0.64
Over 10.16 to 15.24, incl 0.38 0.76
Over 15.24 to 25.40, incl 0.43 0.89
Over 25.40 0.51 1.02
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3.4.3.5 Decarburization shall be evaluated by one of the two methods of 3.4.3.5.1 or 3.4.3.5.2.

3.4.3.5.1 Metallographic Method

A cross section of the surface shall be prepared in accordance with ASTM E1077 and examined metallographically at a
magnification not to exceed 200X. The sample shall not show a layer of complete (ferrite) or partial decarburization over
the limits of Table 3 or Table 4.

3.4.3.5.2 Hardness Traverse Method

The total depth of decarburization shall be determined by a traverse method using microhardness testing in accordance
with ASTM E1077. Samples shall be hardened and protected during heat treatment to prevent changes in surface carbon

content. Samples may be tempered at the option of the producer. Measurements shall be far enough away from any
adjacent surface to be uninfluenced by any decarburization on the adjacent surface. Acceptance shall be as listed in Table 3

or Table 4.

3.4.3.5.3 When determining the depth of decarburization, it is permissible to disregard’ loc
decarburizption of such areas does not exceed the above limits by more than0.005 i
width is 0.065 inch (1.65 mm) or less.

3.4.3.5.4 In case of [dispute, the total depth of decarburization determined using the microinden
shall govern.

3.4.4 Response to Heat Treatment of Bars, Forgings, and Mechanical Tubing

Specimens shall have
accordance with AMS2

Anneal by heating
transfer to a furnag
temperature at a re

Harden by heating
quenching in oil.

Within 4 hours £ 0.
+ 0.4 hour.

Air warm to room t

Temper by heating
temperature, then

the properties of Table 5 and Table 6 after heat treatment as follows.
750.

to 1750 °F £ 25 °F (955 °C £ 14 °C);.holding at heat for 60 minutes - 0 min
te equivalent to air cooling.

to 1720 °F + 25 °F (940 € %14 °C), holding at heat for 60 minutes - 0 min

brmperature.

to 575,°F £ 10 °F (302 °C = 6 °C), holding at heat for 2 hours + 0.2 hour|
temper a second time by reheating to 575 °F + 10 °F (302 °C + 6 °(

2 hours = 0.2 hour

al areas provided the
hch (0.13 mm) and the

tation traverse method

Pyrometry shall be in

utes, + 5 minutes, and

e at 1290 °F £ 25 °F (700 °C £ 14 _°C), holding at heat for 24 hours £ 1 hodir, and cooling to room

utes, + 5 minutes, and

it hour after quenching, subzero treat at -100 °F or colder (-73 °C), holding at femperature for 4 hours

cooling in air to room
L), holding at heat for

and cooling in air

3.44.1 Longitudinal

Tensile Properties

Longitudinal tensile properties shall be as shown in Table 5; testing in the longitudinal direction need not be performed on
product tested in the transverse direction.
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Table 5A - Minimum longitudinal tensile properties - response to heat treatment, inch/pound units

Tensile Yield Strength Elongation in Reduction
Specimen Strength | at 0.2% Offset 2 Inches or 4D of Area
Orientation ksi ksi % %
Longitudinal 305 250 7 30

Table 5B - Minimum longitudinal tensile properties, Sl units

Tensile Yield Strength Elongation in Reduction
Specimen Strength | at 0.2% Offset 50 mm or 4D of Area
Orientation MPa MPa % %
Longitudinal 2100 1725 7 30

3.4.4.2 Transverse ]
Transverse tensile pro
with AMS2310; transv
than 2.50 inches (63.5

Table 6A - Mjnimum transverse tensile properties - response to heat treatment, inch

[ensile Properties

mm) in length can be taken.

erties shall be as shown in Table 6, determined on specimens selected:and prepared in accordance
rse tensile property requirements of Table 6 apply only to product that tens

ile specimens not less

pound units

Tensile | Yield Strength Elongation in Reductipn
Specimen Strength | at 0.2% Offset | 2inches or 4D of Areg
Orientation ksi ksi % %
Transverse 305 250 7 25

Table 6B - Minimum transverse-tensile properties, Sl units

Tensile Yield Strength Elongation in Redugtion
Specimen Strength (at 0.2% Offset 50 mm or 4D of Afrea
Orientation MPa MPa % 9
Transverse | 2100 1725 7 | 25 |
3.4.4.3 Unless othefwise specified, thesstrain rate shall be set at 0.005 in/in/min (0.005 mm/mm/min) and maintained
within a tolefance of £0.002 in/in/min (£0.002 mm/mm/min) through 0.2% offset yield strain. After the yield strain,
the speed offthe testing machine shall be set between 0.05 and 0.5 in/in (0.05 and 0.5 mm/mm) of the length of
the reduced|section (or/distance between the grips for specimens not having a reducgd section) per minute.
Alternatively| an exténsometer and strain rate indicator may be used to set thg strain rate between
0.05 and 0.5]in/in/min<(0.05 and 0.5 mm/mm/min).
3.5 Quality

The product as received by the purchaser shall be uniform in quality and condition, sound, and free from foreign materials
and from imperfections detrimental to usage of the product.

3.5.1

3.5.2

removal allowance in accordance with AS1182.

3.5.3

forgings showing no evidence of reentrant grain flow.

Steel shall be premium aircraft quality conforming to AMS2300.

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
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3.6 Tolerances
3.6.1 Bar
Bar tolerances shall be

3.6.2

in accordance with AMS2251.

Mechanical Tubing

Mechanical tubing tolerances shall be in accordance with AMS2253.

3.7 Exceptions

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

4. QUALITY ASSUR/

4.1 Responsibility fo
The producer of the pr
of all required tests. Th
to ensure that the prod

4.2 Classification of

421 Acceptance Tg

Composition (see 3.1)
(see 3.4.3), response {

ANCE PROVISIONS

" Inspection

bduct shall supply all samples for the producer’s tests and shall be tesponsil
b purchaser reserves the right to sample and to perform any confirmatory tes
Lict conforms to specified requirements.

lests

sts

condition (see 3.3), macrostructure (seex3.4.1), average grain size (see
D heat treatment (see 3.4.4), and toleranges (see 3.6) are acceptance tests

on each heat or lot as gpplicable.

4.2.2 Periodic Tests

Frequency-severity cle
performed at a frequen

4.3 Sampling and Te
4.3.1 Bars, Mechani
Bars, mechanical tubin

4.3.2 Forgings

anliness rating (see 3.5.1)yand grain flow of die forgings (see 3.5.3) are per
cy selected by the producer'unless frequency of testing is specified by the p

sting
cal Tubing, and\Forging Stock

g, and forging stock shall be sampled and tested in accordance with AMS23

ble for the performance
ing deemed necessary

3.4.2), decarburization
and shall be performed

odic tests and shall be
irchaser.

/0.

Forgings shall be sampled and tested in accordance with AMS2372.

44 Reports

4.41

The producer of bars, forgings, and mechanical tubing shall furnish with each shipment a report showing the

producer’s 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 and macrostructure of each heat and for condition, average
grain size, and response to heat treatment 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, AMS6499C, melt practice,
product form and size or part number, and quantity. If forgings are supplied, the size and melt source of the stock
used to make the forgings shall also be included.

442

Report the nominal metallurgically worked cross-sectional size and the cut size, if different (see 3.3.1.3).
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