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(Compositionsimilar to UNS G43406)

1. SCOPE:
1.1 Form:

This specificgtion covers a low-alloy steel in the form of bars¢{forgings, mechanical tubing, and
forging stock

1.2 Application:

These produg¢ts have been used typically for partsirequired to meet stringent magngtic particle
inspection c}eria, having sections 3.5inches. (89 mm) and under in nominal thicknjess at time of

heat treatment, and requiring a through-hardening steel capable of developing a mipimum hardness
of 40HRC when properly hardened and.tempered and also for parts of greater thickness but
requiring proportionately lower hardness, but usage is not limited to such applicatigns.

1.2.1 Certain dedign and processing\procedures may cause these products to become|susceptible to
stress-corrgsion cracking after heat treatment; ARP1110 recommends practices o minimize such
conditions.

1.2.2 These products are.net recommended for use in parts heat treated to a maximuny tensile strength

over 220 kgi (1547-MPa) or where the high transverse properties of vacuum-arc-flemelted or
electroslag[remelted steel are required (See 8.2).

2. APPLICABLE DOCUMENTS:

The issue of the following documents in effect on the date of the purchase order forms a part of this
specification to the extent specified herein. The supplier may work to a subsequent revision of a
document unless a specific document issue is specified. When the referenced document has been
canceled and no superseding document has been specified, the last published issue of that document
shall apply.

SAE Technical Standards Board Rules provide that: “This report is published by SAE to 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.”

SAE reviews each technical report at least every five years at which time it may be reaffirmed, revised, or cancelled. SAE invites your written comments and suggestions.
Copyright 2002 Society of Automotive Engineers, Inc.
All rights reserved.

QUESTIONS REGARDING THIS DOCUMENT: (724) 772-7161 FAX: (724) 776-0243
TO PLACE A DOCUMENT ORDER: (724) 776-4970 FAX: (724) 776-0790
SAE WEB ADDRESS: http://www.sae.org

Printed in U.S.A.
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2.1

2.2

SAE Publications:

Available from SAE, 400 Commonwealth Drive, Warrendale, PA 15096-0001 or www.sae.org.

AMS 2251
MAM 2251
AMS 2253
MAM 2253
AMS 2259
AMS 2304
MAM 2304

AMS 2370

AMS 2372
AMS 2759/1

AMS 2806

AMS 2808
AMS-H-6875

AS1182

ARP1110

ASTM Public

Available fror
www.astm.or

ASTM A 255

Tolerances, Low-Alloy Steel Bars

Tolerances, Metric, Low-Alloy Steel Bars
Tolerances, Carbon and Alloy Steel Tubing
Tolerances, Metric, Carbon and Alloy Steel Tubing

Steel Cleanliness, Special Aircraft-Quality, Magnetic Particle Inspec
Steel Cleanliness, Special Aircraft-Quality, Magnetic Particle InSpec
Metric (SI) Measurement

Quality Assurance Sampling and Testing, Carbon and Low:=Alloy Stg
Products and Forging Stock

Quality Assurance Sampling and Testing, Carbon and Low-Alloy Stg
Heat Treatment of Carbon and Low-Alloy Steel Parts, Minimum Ten
below 220 ksi (1517 MPa)

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

Heat Treatment of Steel, Process for,

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

Minimizing Stress Corrosion Cracking in Wrought Forms of Steels a
Resistant Steels and-Alloys

els
ion Procedure
ion Procedure,

el Wrought

el Forgings
Sile Strength

n and Alloy

t-Quality Steel

nd Corrosion

Ations:

n ASTM, 100-Barr Harbor Drive, West Conshohocken, PA 19428-2959 or
.

Determining Hardenability of Steel

ASTM A 370

Mechanical Tnefing of Steel Products

ASTM E 112
ASTM E 350

ASTM E 381
ASTM E 384

Determining Average Grain Size

Chemical Analysis of Carbon Steel, Low-Alloy Steel, Silicon Electrical Steel, Ingot
Iron, and Wrought Iron

Macroetch Testing Steel Bars, Billets, Blooms, and Forgings

Microindentation Hardness of Materials
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3. TECHNICAL REQUIREMENTS:

3.1 Composition:

Shall conform to the percentages by weight shown in Table 1, determined by wet chemical methods
in accordance with ASTM E 350, by spectrochemical methods, or by other analytical methods

acceptable to

purchaser.

3.1.1 Check Analysis: Composition variations shall meet the applicable requirements o

3.2 Condition:

The product s
with ASTM A

TABLE 1 - Composition

Element min max
Carbon 0.38 0.43
Manganese 0.65 0.85
Silicon 0.15 0.35
Phosphorus -- 0.015
Sulfur -- 0.008
Chromium 0.70 0.90
Nickel 165 2.00
Molybdenum 0.20 0.30
Copper -- 0.35

hall be supplied-in the following condition; hardness shall be determing
370:

AMS 2259.

bd in accordance

3.2.1 Bars: Normplize@at 1650 °F + 25 (899 °C + 14) and tempered, having hardness at mid-radius not

higher than

blished, or

269(HB, or equivalent (See 8.3). Bars shall have a turned, ground, p

burnished s
hardness.

£ £ 1 ! 1 [T " 4l 2 HEE R = VS }
urrtactt, sulfatt T1Iaruricss siiall DT TTUU TTIUTE UTalt o JUITILS TTIRNG TTIaruct

than mid-radius

3.2.1.1 Hot finished or cold drawn surface may be specified; however, when hot finished or cold drawn is
specified, bars with a turned, ground, polished, or burnished surface hardness not more than 3

points HR

C harder than mid-radius hardness as in 3.2.1 may be furnished.

3.2.2 Forgings: Normalized and tempered in accordance with AMS-H-6875 having hardness not higher
than 269 HB, or equivalent (See 8.3).

3.2.3 Mechanical Tubing: Normalized and tempered having hardness not higher than 269 HB, 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.
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3.2.4 Forging Stock: As ordered by the forging manufacturer.
3.3 Properties:

The product shall conform to the following requirements; hardness testing shall be performed in
accordance with ASTM A 370:

3.3.1 Macrostructure: Visual examination of transverse full cross-sections from bars, billets, tube rounds,
and forging i i id | i , shall show no
pipe or cragks. Porosity, segregation, inclusions, and other imperfections shalkbg no worse than
the macrogfaphs of ASTM E 381 shown in Table 2.

TABLE 2 - Macrostructure Limits

Cross-Sectional Area  Cross-Sectional Area
Square Inches Square Centimeters.  Macrographs

Up to 36, incl Up to 232;’incl S2-R1-C2
Over 36 to 100, incl Over 232 t0-645, incl S2-R2-C3

3.3.2 Average Grain Size: Shall be ASTM No. 5 or finer, determined in accordance withh ASTM E 112.

3.3.3 Hardenability: Shall be J11/16 inch (17(5*mm) = 53 HRC minimum and J20/16 inch (31.7 mm) = 50
HRC minimpm (See 8.4), determin€d in accordance with ASTM A 255 on the stanflard end-quench
specimen; the specimen shall be nermalized at 1600°F + 10 (871 °C % 6) and ausfenitized at 1550
°F + 10 (848 °C % 6).

3.3.4 Decarburization:

3.3.4.1 Bars ordgred ground, turned, or polished shall be free from decarburization on the ground,
turned, or| polished surfaces.

3.3.4.2 AIIOWabI’\ dcbalbul;Lat;Ull \Jf bClI-D, bl”cta, CI.IIGI tubc IUUIIdQ Uldclcd fUI |cd|avv;|| Or forglng Or to

specified microstructural requirements shall be as agreed upon by purchaser and vendor.

3.3.4.3 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 3.
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TABLE 3A - Maximum Decarburization, Inch/Pound Units

Nominal Thickness or Distance  Total Depth of

Between Parallel Sides Decarburization
Inches Inch
Up to 0.375, incl 0.010
Over 0.375 to U.500, mncl 0.01Z
Over 0.500 to 0.625, incl 0.014
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 0:035
Over 3.000 to 4.000, incl 0.045

TABLE 3B - Maximum Dec¢arburization, Sl Units
Nominal Thickness or Distance  Total Depth of

Between Parallel Sides Decarburization
Millimeters Millimeters
Up(te- 9.52, incl 0.25
Over 952 to 12.70, incl 0.30
Over12.70 to 15.88, incl 0.36
Qver15.88 to 25.40, incl 0.43
Over 25.40 to 38.10, incl 0.51
Over 38.10 to 50.80, incl 0.64
Over 50.80 to 63.50, incl 0.76
Over 63.50 to 76.20, incl 0.89
Over620—to 16166t 14

3.3.4.4 Decarburization of mechanical tubing shall be not greater than shown in Table 4.
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TABLE 4A - Maximum Decarburization, Inch/Pound Units
Total Depth  Total Depth

Nominal Wall Thickness ID oD
Inches Inch Inch
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

TABLE 4B - Maximum Decarburization,-S1 Units

Total Total Depth
Nominal Wall Thickness Depth oD
Millimeters ID Millimeter
Millimeter
Up to 2.77,incl 0.20 0.38
Over 2.77to 5.16, incl 0.25 0.51
Over 5.16to 10.16, ingl 0.30 0.64
Over 10.16 to 15.24,ncl 0.38 0.76
Over 15.24 to 25.40, incl 0.43 0.89
Over 25.40 0.51 1.02

3.3.4.5 Decarburization shall b&.measured by the metallographic method, by the HR30N\ scale hardness

testing me¢thod, or by.a-traverse method using microhardness testing in accordapce with ASTM E
384. The|hardness.method(s) shall be conducted on a hardened but untempergd specimen
protected|during heat treatment to prevent changes in surface carbon content. |Depth of
decarburigatief, when measured by a hardness method, is defined as the perpepdicular distance
from the surface to the rlnpfh under that surface below which there is ng furtherlincrease in
hardness. Such measurements shall be far enough away from any adjacent surface to be
uninfluenced by any decarburization on the adjacent surface. In case of dispute, the depth of
decarburization determined using the microhardness traverse method shall govern.

3.3.4.5.1 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 inch (0.13 mm) and the width is 0.065 inch (1.65 mm) or less.

3.3.5 Tensile Properties: After being heat treated in accordance with AMS 2759/1 to an ultimate tensile

strength range of 180 to 200 ksi (1241 to 1379MPa), product shall have a transverse reduction of
area not lower than 15% (See 4.3).
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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 detrimental to usage of the product.

3.4.1 Steel shall be special aircraft-quality conforming to AMS 2304 or MAM 2304.

3.4.2 Bars and mechanical tubing ordered hot rolled or cold drawn, or ground, turned, or polished, shall,

after remov

| of the standard m::mhining allowance in accardance with AS1182

free from

seams, laps

3.4.3 Grain flow (¢
general con

3.5 Tolerances:
Shall be as fa
3.5.1 Bars: In acq
3.5.2 Mechanical
4. QUALITY ASS
4.1 Responsibility
The vendor o
performance
confirmatory
requirements

4.2 Classification

4.2.1 Acceptanceg

, tears, and cracks open to the ground, turned, or polished surface;

tour of the forgings showing no evidence of reentrant grainflow.

llows:

ordance with AMS 2251 or MAM 2251.

Tubing: In accordance with AMS 2253 or MAM 2253.

JRANCE PROVISIONS:

for Inspection:

the product shall supply all samples for vendor's tests and shall be re|
pf all required tests.Purchaser reserves the right to sample and to psd
esting deemednecessary to ensure that the product conforms to spe

of Tests;

Tests: Composition (3.1), condition (3.2), macrostructure (3.3.1), ave

f die forgings, except in areas which contain flash-line end grain, shall follow the

sponsible for the
rform any
cified

rage grain size

(3.3.2), har

1nnnhi|ify ('2 3 Q), decarburization ('2 3 A)1 frnqllnnr‘y-cn\/nrify cleanline

5S rating (3.4.1),

and tolerances (3.5) are acceptance tests and shall be performed on each heat or lot as applicable.

4.2.2 Periodic Tests: 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 vendor unless frequency

of testing is

specified by purchaser.

4.3 Sampling and Testing:

Shall be as follows:

4.3.1 Bars, Mechanical Tubing, and Forging Stock: In accordance with AMS 2370.
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Forgings: In accordance with AMS 2372.

4.4 Reports:

The vendor of the product shall furnish with each shipment a report showing the results of tests for
composition, macrostructure, hardenability, and frequency-severity rating of each heat, and for the
average grain size 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,

AMS 6409B, size and quantity |f forgings are supplied the size and melt source q

make the fordings shall also be included.
4.5 Resampling dnd Retesting:

Shall be as fdllows:

45.1

452

4.5.3

4531

45.3.2

4533

4534

4535

45.3.6

f stock used to

Bars, Mechpnical Tubing, and Forging Stock: In accordance wijth AMS 2370 exce
resampling [for cleanliness shall conform to 4.5.3.

Forgings: I accordance with AMS 2372 except that resampling for cleanliness sh
45.3.

Cleanlinesq: If any specimen fails to meet the. specified frequency-severity cleanl
requirements, the entire heat shall be rejected: or resampling and retesting shall b
follows:

Nonconforming Ingot(s): Reject or take additional discard, resample, and retest
Ingot(s) Not Originally Sampled: Sample and test material from the respective r
position(s)), i.e., top or bottom, of two additional ingots for each nonconforming i
selected for additional. samples shall be from locations in the pouring plate patte

nonconfofming ingot(s).

If the nongonfatming ingot(s) fail(s) the retest, repeat 4.5.3.1.

pt that

all conform to

ness

e performed as

onconforming
hgot. The ingots
rn closest to the

If all ingots—sampled-as , =T= > frequency-seve
heat, except for original nonconforming ingot(s), is acceptable.

irements, the

If any of the ingots sampled as in 4.5.3.2 fail to meet the frequency-severity cleanliness

requirements, the heat shall be rejected or each ingot shall be tested at the non
position(s) and acceptance of each ingot shall be based on the tests thereon.

All steel supplied to this specification shall be either from ingots which successf

conforming

ully met the

frequency-severity cleanliness requirements, top and bottom, or from ingots and positions

represented by successfully tested ingots.
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