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“All technical reports, including standards approved and practices recommended, are advisory only. Their use by anyone engaged in industry or

SAE Technical Board rules provide that:

, and no commitment to conform to or .

Committees will not investigate or consider patents which may apply to the subject

any SAE standard or recommended practice
matter. Prospective users of the report are responsible for protecting themselves against liability for infringement of patents.”

trade or their use by governmental agencies is entirely voluntary. There is no agreement to adhere to
be guided by any technical report. In formulating and approving technical reports, the Board and its
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SCOPE:

Form: This specification covers a titanium alloy in the form of bars, wire, forgings, flash
welded rings, and stock for forging or flash welded rings.

Aplphcatlon Primarily for parts that do not require heat treatment, but Pequiring high

mephanical properties in the annealed condition. This alloy exhibits\high strength-to-weight
rafios up to 750°F (400°C).

-APHLICABLE DOCUMENTS: The following publications form @ypart of this specification to the
ext¢nt specified herein. The latest issue of Aerospace Material Specificatipns (AMS) shall apply.
The| applicable issue of other documents shall be as spetified in AMS 2350

SAE Publications: Available from Society of Autometive Engineers, Inc.| 400 Commonwealth
Drive, Warrendale, PA 15096.

1 Aerospace Material Specifications:

AMS 2241 - Tolerances, Corrosion and‘Heat Resistant Steel, Iron Alloy|, Titanium, and
Titanium Alloy Bars and Wire
AMS 2249 - Chemical Check Analysis Limits, Titanium and Titanium Allpys
AMS 2350 - Standards and Test Méthods

AMS 2375 - Control of Forgings Requiring First Article Approval
AMS 2808 - Identification, Forgings

AMS 7498 - Rings, Flash Welded, Titanium and T1tan1um Alloys

AS['M Publications:- \Available from American Society for Testing and Maferials, 1916 Race
Street, Philadelphia; PA 19103.

AS’'M E8 ~Tension Testing of Metallic Materials

ASI'M E120:-"Chemical Analysis of Titanium and Titanium Alloys
AS['M E146 - Chemical Analysis of Zirconium and Zirconium Alloys
AS['M E 385 - Oxygen Content Using a 14-MeV Neutron Activation and Difect-Counting

Techniaue
e 3

- ASTM E399 - Plane-Strain Fracture Toughness of Metallic Materials

U.S. Government Publications: Available from Commanding Officer, Naval Publications and
Forms Center, 5801 Tabor Avenue, Philadelphia, PA 19120.

1 Federal Standards:

Federal Test Method Standard No. 151 - Metals; Test Methods

2 Military Standards:

MIL-STD-163 - Steel Mill Products, Preparation for Shipment and Storage

Copyright 1981 by Society of Automotive Engineers, Inc. Printed in U.S.A.
All rights reserved.
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3. TECHNICAL REQUIREMENTS:

3.1 Composition: Shall conform to the following percentages by weight, determined by wet chemical
methods in accordance with ASTM E120 or by spectrographic methods in accordance with Federal

@ Test Method Standard No. 151, Method 112, except that hydrogen shall be determined in
accordance with ASTM E146 and oxygen in accordance with ASTM E385; other methods of
analysis may be used provided that such methods are approved by purchaser:

max

.00
.00
.50
.00
.00
.05
.20
.04 ~70400 ppnm
.015." (150 ppn
~005 ( 50 ppn

Aluminum
Vanadium
Tin

Tron
Copper
Carbon
Oxygen
Nitrogen
Hydrogen
Yttrium
Residual Elements, each (3.1.1) 210
Residual Elements, total (3.1.1) .40
Titanium remainder

o oo CocoHRHMNDOO®

Determinaflion not required for routine acceptance.

Check Anglysis: Composition variations shall meet the applicable requirementg of AMS 2249;
no variatign over maximum will be permitted for' yttrium, unless otherwise agrped upon by
purchaser|and vendor.

Condition: [The product shall be supplied in the following condition:
.2.1 Bars: Hot finished, with or without subsequent cold reduction, annealed, anfl descaled.
.2 Wire: Cold drawn, annealedi:-and descaled.

.2.3 Forgings gnd Flash Welded“Rings: Annealed and descaled.

-2.3.1 Flash wglded rings ‘shall not be supplied unless specified or permitted on pyrchaser's part
drawing! When supplied, they shall be manufactured in accordance with AMS 7498,

.2.4 Stock for Forging or Flash Welded Rings: As ordered by the forging or flash wglded ring
manufacturer

Annealing: Bars, wire, forgings, and flash welded rings shall be annealed by heating in a
suitable atmosphere to a temperature within the range 1300° - 1500°F (705° - 815°C), holding
at the selected temperature within #25°F (#15°C) for 2 hr * 0.25, and cooling as required.

.4 Properties: The product shall conform to the following requirements:

.4.1 Bars, Wire, Forgings, and Flash Welded Rings;
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3.4.1.1 Tensile Properties:

Shall be as specified in Table I, determined in accordan

AMS 4978B

ce with ASTM

E8 with the rate of strain maintained at 0.003 - 0.007 in. per in. per min. (0.003 - 0.007
(mm/mm) /min.) through the yield strength and then increased so as to produce failure in

approximately one additional minute.

When a dispute occurs between purchaser and vendor

over the yield strength values, a referee test shall be performed on a machine having a

strain rate pacer, using a rate of 0.005 in. per in. per min. (0.005 (mm/mm)/min.) through
the yield strength and a minimum cross head speed of 0.10 in. (2.5 mm) per min. above the
yield strength.

3.4.1.1.1 Yield strength and reduction of area requirements do not apply to wire under 0.125 in.
(3.18 mm) in diameter.

Transverse tensile properties apply only to product from which a specimen not less than

3.4.1.1.2
] 21/21i
require
3.4.1.2 Microstry
[} structurd
beta stru
3.4.1.3 Surface (

n. (63.0 mm) In length can be taken. Tests in the longitudinal dir|
d if tests in the transverse direction are made.

cture: Shall be essentially that resulting from alpha-beta processin

cture.

Contamination: The product shall be free of any gxygen enriched 1

] alpha cag

3.4.1.3.1 When p

e, or other surface contamination, determined by \microscopic exami
ermitted by purchaser, forgings and flash welded rings to be mach
ve an oxygen-rich layer, provided such ldyer is removable within t

ce on the forging or ring.

Toughness: When specified, the product shall be subjected to frac

9 may ha
allowan|
3.4.1.4 Fracture-
testing.
in nomindl thickness.

by purchaser and vendor.

3.4.2 Stock for H

Method of test and standards for acceptance shall be

orging or Flash Welded(Rings: When a sample of stock is forged tg

and heat tx
requiremen
conform to

forged coupon.

3.5 Quality:

3.5.1 Alloy shall

eated as in 3.3, specimens taken from the heat treated coupon shal
s of 3.4.1.1, If specimens taken from the stock after heat treatme
the requirements‘of 3.4.1.1, the tests shall be accepted as equivalg

be multiple melted; the final melting cycle shall be under vacuum.

9 shall be made. by either consumable or nonconsumable electrode practice. The
consumable electrode practice.

melt or melts-shall be made usin

3.5.1.1

pction are not

g. Micro-

shall be cause for rejection if any area of the product exhibits an fll-transformed

yer, such as
ation.

ned all over
he machining

ture toughness

ASTM E399 is a recommended method of test for product over 0.5 in. (12.5 mm)

ps agreed upon

a test coupon
conform to the
nt as in 3.3

nt to tests of a

The first melt
subsequent

0 at a pressure not higher than 250 mm of mercury.

3.5.1.2

] cooled copper.

The atmosphere for nonconsumable electrode melting shall be vacuum or shall be inert gas

The electrode tip for nonconsumable electrode melting shall be either graphite or water-

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

3.6 Tolerances:

Unless otherwise specified, tolerances for bars and wire shall conform to all
applicable requirements of AMS 2241.
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4.
4.

)

QUALITY ASSURANCE PROVISIONS:

1 Responsibility for Inspection: The vendor shall supply all samples for vendor's tests and
shall be responsible for performing all required tests. Results of such tests shall be reported
to the purchaser as required by 4.5. Purchaser reserves the right to sample and to perform
such confirmatory testing as deemed necessary to ensure that material conforms to the re-
quirements of this specification.

.2 Classification of Tests:

.2.1 Acceptance Tests: Tests to determine conformance to the following requirements are

.2.1.1 Composition (3.1).

classified as acceptance tests and shall be performed on each heat or lot as applicable.

.2.1.2 Tensile |[properties (3.4.1.1), microstructure (3.4.1.2), surface contaminatiqn (3.4.1.3),

.2.1.3 Toleranges (3.6) of bars and wire.

9 and when a minimum value has been specified, fracture-toughnessc(3.4.1.4) of bars,
wire, fqrgings, and flash welded rings.

.2.2 Periodic Yests: Tests of stock for forging or flash welded/rings to demonstrate ability to

0 develop specified properties (3.4.2) are classified as periodic tests and shall [be performed
at a freqyency selected by the vendor unless frequeney of testing is specifiei by purchaser.

Preprodudtion Tests: Tests of forgings to determine conformance to all techrlical requirements

of this specification when AMS 2375 is specified are classified as preproduction tests and shall { -

be performed on the first-article shipment.'of a forging to a purchaser, when|a change in
material o processing requires reapproval as in 4.4, and when purchaser de¢ms confirmatory
testing to| be required.

.2.3.1 For dirget U.S. Military procurement of forgings, substantiating test data gnd, when re-

quested|, preproduction forgings shall be submitted to the cognizant agency| as directed by
the proguring activity, thelcontracting officer, or the request for procuremént.

.3 Sampling: Phall be in aceordance with the following; a lot shall be all product |of the same

.3.1 For Accegtance, Tests:

nominal sizel from the same heat processed at the same time:

.3.1.1 Composiltiont One sample from each heat except that for hydrogen determinations one
9 sample i fremt g eted.

.3.1.2 Tensile Properties: One sample from bars, wire, and flash welded rings from each lot. The

number, location, and orientation of samples from each lot of forgings shall be as agreed
upon by purchaser and vendor.

-1.2.1 Specimens from flash welded rings shall be cut from parent metal not including the weld-
] heat-affected zone.

.3.1.3 Other Requirements: As agreed upon by purchaser and vendor.

.3.2 For Periodic Tests and Preproduction Tests: As agreed upon by purchaser and vendor.

-4 Approval: When specified, approval and control of forgings shall be in accordance with
AMS 2375,
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.5.1 The vendor of the product shall furnish with each shipment three copies of a report showing
the results of tests for chemical composition of each heat and for the hydrogen content,
tensile properties, and surface contamination of each lot, and stating that the product con-
forms to the other technical requirements of this specification. This report shall include the
purchase order number, heat number, AMS 4978B, size, specific annealing treatment used,
and quantity from each heat. If forgings are supplied, the part number and the size and
melt source of stock used to make the forgings shall also be included.

Reports:

The vendor of finished or semi-finished parts shall furnish with each shipment three copies of
a report showing the purchase order number, AMS 4978B, contractor or other direct supplier
of material, part number, and quantity. When material for making parts is produced or pur-
chased|by the parts vendor, that vendor shall inspect each lot of material|to determine con-
formange to the requirements of this specification, and shall include inCtie| report a statement
that thp material conforms, or shall include copies of laboratory reports showing the results
of tests to determine conformance. :

Resampling and Retesting: If any specimen used in the above tésts fails to |meet the specified
requiremgnts, disposition of the product may be based on the-results of testing three
additional specimens for each original nonconforming specinien.” Failure of arly retest specimen
to meet the specified requirements shall be cause for rejéction of the product represented and
no additipnal testing shall be permitted. Results of all'tests shall be reportéd.

PREPARATION FOR DELIVERY

Identification: The product shall be identified &s follows:

.1.1 Bars amd Wire:

.1.1 Each |straight bar over 0.500 in./(12.50 mm) in nominal diameter or least| width of flat
surfape shall be marked in a_row of characters recurring at intervals not greater than
3 ft (900 mm) with AMS 4978B) heat number, and manufacturer's identifikation. The
chargcters shall be of sueh size as to be clearly legible, shall be applied| using a suitable
marking fluid whose residue shall contain not more than traces of halogep-bearing com-
poundls, and shall be removable in hot alkaline cleaning solution without [rubbing. The
markings shall have no deleterious effect on the product or its performamce and shall be
suffigiently stable‘to withstand normal handling.

Straight bars:and wire 0.500 in. (12.50 mm) and under in nominal diamefer or least width
of flat surface shall be securely bundled and identified by a durable tag| marked with the
ase(order number, AMS 4978B, heat number, nominal size, and manufacturer's
identification—and sttached—to—each—bundle—or—shall-be—bexed—and—the—be! marked with the

same information.

Coiled bars and wire shall be securely bundled and identified by a durable tag marked with
the purchase order number, AMS 4978B, heat number, nominal size, and manufacturer's
identification and attached to each coil or shall be boxed and the box marked with the

same information.

.2 Forgings: In accordance with AMS 2808.

.3 Flash Welded Rings and Stock for Forging or Flash Welded Rings: As agreed upon by
purchaser and vendor.

Packaging:
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