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Steel Bars, Forgings, and Mechanical Tubing and Forging Stock, Carburizing,
Aircraft Quality,
0.50Cr - 1.8Ni - 0.25Mo - (0.17 - 0.23C), (SAE 4320H)
(Composition similar to UNS H43200)

RATIONALE

AMS6299H is the resulft of a Five-Year review and update of the specification. The revision updates the Title to include form
and quality, adds conpposition reporting information (see 3.1.2), provides guidance on\€xceptigns (see 8.7), updates
macrostructure requirgments (see 3.3.1.1, 3.3.1.2, and 8.9), updates hardenability (see-3.3.3), incorporates changes in
AMS2301 test frequengy (see 4.2.1 and 4.4.5), adds the optional testing of forging stock(see 4.4.3 gand 8.9), adds guidance
for ordering bar (see 86), and includes composition reference (see 8.8).

1. SCOPE
1.1 Form

This specification coVers an aircraft-quality, low-alloy steel in:;the form of bars, forgings, mechanical tubing, and
forging stock.

1.2 Application

These products have been used typically for parts to be&tcarburized requiring high minimum core hardness with a wide range
in sections 0.375 inch (9.5 mm) and under in thickness, but usage is not limited to such applicationd. The core may or may
not be machinable after hardening.

2. APPLICABLE DOQUMENTS

The issue of the followling documentsiin effect on the date of the purchase order forms a part of {his specification to the
extent specified herein| The suppliermay work to a subsequent revision of a document unless a spdgcific document issue is
specified. When the referenced.document has been cancelled and no superseding document has been specified, the last
published issue of that|document shall apply.

SAE Executive Standards Committee 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 revised, reaffirmed, stabilized, or cancelled. SAE invites your written comments and
suggestions.

Copyright © 2024 SAE International
All rights reserved. No part of this publication may be reproduced, stored in a retrieval system or transmitted, in any form or by any means, electronic, mechanical, photocopying,
recording, or otherwise, without the prior written permission of SAE.

TO PLACE A DOCUMENT ORDER: ~ Tel:  877-606-7323 (inside USA and Canada) ; ; ; fi
Tel:  +1724-776-4970 (outside USA) For more information on this standard, visit

Fax:  724-776-0790 https://www.sae.org/standards/content/AMS6299H/
Email: CustomerService@sae.org
SAE WEB ADDRESS: http://www.sae.org
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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.
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rs Hardness, Rockwell
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Macroetch Testing Bars, Billets, Blooms, and Forgings

2.3 Definitions

Terms used in AMS are defined in AS7766.
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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 other analytical
methods approved by the purchaser.

Table 1 - Composition

Element Min Max
Carbon 0.17 0.23
Manganese 0.40 0.70
Silicon 0.15 0.35
Phosphorus -- 0.025
Sulfur -- 0.025
Chromium 0.35 0.65
Nickel 1.55 2.00
Molybdenum 0.20 0.30
Copper -- 0.35

3.1.1  Aluminum, varjadium, and columbium (niobium) are optional grain refining_elements and nged not be determined
or reported unless used to satisfy the average grain size requirements-of 3.3.2.2.

3.1.2 The producer nay test for any element not listed in Table 1 and include this analysis in the feport of 4.4. Reporting
of any element not listed in the composition table is not a basis for rejection unless limlits of acceptability are
specified by the purchaser.

3.1.3 Check Analysig

Composition variations| shall meet the applicable requirements of AMS2259.

3.2 Condition

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

3.21 Bars
3.2.1.1  Bars 0.500 ipch (12.70'mm) and under in nominal diameter or least distance between pargllel sides shall be cold

finished havjng tensile~strength not higher than 125 ksi (860 MPa) or hardness not ligher than 262 HBW,
or equivaleni (see\8.2).

3.2.1.2  Bars over 0.5004neh-{(1270-mm)-r-rominal-diameterorleastdistance-between-parallelsides shall be hot finished
and annealed, unless otherwise ordered, having hardness not higher than 229 HBW, or equivalent (see 8.2).
Bars ordered cold finished may have hardness as high as 248 HBW, or equivalent (see 8.2).

3.2.1.3 Bar shall not be cut from plate (see 4.4.2).
3.2.2 Forgings

Forgings shall be as ordered.

3.2.3 Mechanical Tubing

Mechanical tubing shall be cold finished, unless otherwise ordered, having hardness not higher than 25 HRC, or equivalent
(see 8.2). Tubing ordered hot finished and annealed shall have hardness not higher than 99 HBW, or equivalent (see 8.2).
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3.2.4 Forging Stock
Forging stock shall be 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 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

Square Inches Square Centimeters Macrographs

Upto 36, incl Up to 230, incl S2-RIM-C2

Over 36 to 133, incl Over 230 to 858, incl S2 {R2-C3
Over 133 Over 858 Note 1

Note 1: Limits for larger sizes shall be agreed upon by the purchaser and producer.

3.3.1.1  Macrostructyre examination is not required for bored/hollow fergings (including ring forgings) and mechanical
tubing that afre produced directly from ingots or large blooms,

3.3.1.2 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 agreed upon by the purchaser and producer (see 8.9).

3.3.2 Average Grain|Size
Average grain size shgll be determined by either 3.32;1 or 3.3.2.2.
3.3.2.1  The average grain size shall be ASTM 5 or finer determined in accordance with ASTM E112.

3.3.2.2 The productof a heat shall be considered to have an ASTM No. 5 or finer austenitic graip size if one or more of
the followinglare determined by’heat analysis (see 8.5):

A total aluminum cpntent of 0:020 to 0.050%

An acid soluble alyminuf content of 0.015 to 0.050%

A vanadium content-of0-02t6-0-08%

A columbium (niobium) content of 0.02 to 0.05%

3.3.3 Hardenability

Hardenability shall be J 1/16 inch (1.5 mm) = HRC 48 maximum and J 4/16 (6 mm) = 32 HRC minimum, determined on the
standard end-quench test specimen in accordance with ASTM A255, except that the steel shall be normalized at

1675 °F + 10 °F (915 °C + 6 °C) and the test specimen austenitized at 1500 °F + 10 °F (815 °C £ 6 °C). Cast specimens do
not need to be normalized.

3.4 Quality

The product as received by the purchaser shall be uniform in quality and condition, sound, and free from foreign materials
and from internal and external imperfections detrimental to usage of the product.
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3.4.1

3.4.2

Steel shall be aircraft quality conforming to AMS2301.

allowance in accordance with AS1182.

343

forgings showing no evidence of reentrant grain flow.

3.5 Tolerances

Shall be as follows:

3.5.1 Bars

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

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

Bars shall be in accord
3.5.2 Mechanical Tu
Mechanical tubing sha
3.6 Exceptions

Any exceptions shall b
4. QUALITY ASSURA
4.1 Responsibility fo
The producer of the pr
of all required tests. Th
to ensure that the prod
4.2 Classification of
4.2.1  Acceptance Te

Composition (see 3.1
(see 3.3.3), frequency-

ance with AMS2251.
bing

| be in accordance with AMS2253.

b authorized by the purchaser and reported as in 4.4.4:

ANCE PROVISIONS

[ Inspection

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

lests

sts

, condition (see‘\3)2), macrostructure (see 3.3.1), average grain size (s§
severity cleantiness rating (see 3.4.1), and tolerances (see 3.5) are acceptd

performed on each heat or lot as-applicable. If grain refining elements (see 3.3.2.2) are not present

size test (see 3.3.2.1)
the frequency-severity

bhall be eonducted on each lot. If process qualification in accordance with Al
cleanliness rating shall be conducted on a periodic basis as defined in AMSZ

4.2.2 Periodic Tests

le for the performance
ng deemed necessary

e 3.3.2), hardenability
nce tests and shall be
the ASTM E112 grain
11S2301 has been met,
301.

If grain refining elements (see 3.3.2.2) are present, the ASTM E112 grain size test (see 3.3.2.1) shall be conducted on a
periodic basis and shall be performed at a frequency selected by the producer (not to exceed 1 year) unless frequency of
testing is specified by the purchaser. Grain flow of die forgings (see 3.4.3) is a periodic test and shall be performed at a
frequency selected by the producer unless frequency of testing is specified by the purchaser.

4.3 Sampling and Testing

Shall be as follows:
4.3.1

Bars, mechanical tubin

Bars, Mechanical Tubing, and Forging Stock

g, and forging stock shall be in accordance with AMS2370.
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4.3.2 Forgings
Forgings shall be in ac
44 Reports

441

cordance with AMS2372.

The producer of bars, mechanical tubing, and forgings 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); the results of tests for composition, macrostructure, hardenability, and frequency-severity
cleanliness rating of each heat (see 4.4.5) and 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, AMS6299H, product form, size (and/or part number, if applicable), and quantity from each heat.
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 3.3.2 is met by the aluminum, vanadium, and/or columbium (niobium) content, the

aluminum, van
satisfies the gr|

442 Report the non

4.4.3 The producer

where the mefal was melted (e.g., final melt in the case of metal processed by multiple n

composition, n

purchase orde

include the pur|
444 When materia
requirements |
because of the
445 Reduced Testi
If the producer has qud
the frequency-severity
shall read, “Process qy

45 Resampling and
451 Bars, Forging
Bars, forging stock, an

4.5.2 Forgings

bin size requirement shall be included.

ninal metallurgically worked cross-sectional size and the cut size, if different
pf forging stock shall furnish with each shipment a report showing the prod
acrostructure, and hardenability; the results of any additional property requir
- (see 8.9); and the frequency-severity cleanliness rating of each heat (see +
chase order number, heat number, AMS6299H, size (@and/or part number, if aj
produced to this specification has exceptions, authorized by the purchaser

sted in Section 3, the report shall contain a statement “This material is certifig
following exceptions:” and the specific exceptions shall be listed (see 5.2.1)

ng

lified for periodic testing for frequency-severity cleanliness rating in accordan
cleanliness rating is not required to be reported for each shipment. In this ¢
alification in accordance with AMS2301 has been completed.”

Retesting

Stock, and Mechanical Tubing

] mechanical tubing shall be in accordance with AMS2370.

adium, and/or columbium (niobium) content shall be reported and a statenment that the chemistry

see 3.2.1.3).

Licer’s identity; country
helting operations); the
bments imposed by the
L.4.5). This report shall
plicable), and quantity.

taken to the technical
d as AMS6299H(EXC)

ce with AMS2301, then
rcumstance, the report

Forgings shall be in accordance with AMS2372.

5. PREPARATION FOR DELIVERY

5.1 Sizes

Except when exact lengths or multiples of exact lengths are ordered, straight bars and tubing will be acceptable in mill
lengths of 6 to 20 feet (2 to 6 m), but not more than 10% of any shipment shall be supplied in lengths shorter than

10 feet (3 m).
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