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Superseding AMS4987F

Titanium Alloy, Forgings,
10V - 2Fe - 3Al,
Consumable Electrode Melted, Single-Step Solution Heat Treated and Overaged,
140 ksi (965 MPa) Tensile Strength
(Composition similar to UNS R56410)

RATIONALE

AMS4987G results from a Five-Year Review and update of this specification with changes to,add gption for Beta Transus
Determination (see 3.4]1.2) consistent with wording in 4.3.1.4, correct metric reference values (see B.4.1), update standard
wording related to unalithorized exceptions (see 3.5.1.1.2 and 4.4.3), relocate Definitions\(see 2.3),|]and update Applicable
Documents (see Sectign 2) and Ordering Information (see 8.6).

1. SCOPE
1.1  Form

This specification covefs a titanium alloy in the form of forgings 4.00 inehes (101.6 mm) and under in pominal cross-sectional
thickness and of forging stock of any size (see 8.6).

1.2  Application
These forgings have bgen used typically for parts in high=stress and stress-corrosion-resistant appli¢ations requiring higher
fracture toughness and allowing lower tensile properties than AMS4984 and AMS4986, but usage is not limited to
such applications.
2. APPLICABLE DOCUMENTS
The issue of the following documents in_effect on the date of the purchase order forms a part of fhis specification to the
extent specified herein| The suppliersmay work to a subsequent revision of a document unless a spgcific document issue is
specified. When the referenced ddeument has been cancelled and no superseding document has been specified, the last
published issue of that|document.shall apply.

2.1 SAE Publication$

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.

AMS2249 Chemical Check Analysis Limits, Titanium and Titanium Alloys

AMS2750 Pyrometry

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 © 2025 SAE International

All rights reserved. No part of this publication may be reproduced, stored in a retrieval system, transmitted, in any form or by any means, electronic, mechanical, photocopying,
recording, or otherwise, or used for text and data mining, Al training, or similar technologies, without the prior written permission of SAE.

TO PLACE A DOCUMENT ORDER:  Tel:  877-606-7323 (inside USA and Canada)
:e': '7';47?;;7;‘73;)970 (outside USA) For more information on this standard, visit
ax: - =
Email: CustomerService@sae.org https://www.sae.org/standards/content/AMS4987G/
SAE WEB ADDRESS: http://www.sae.org
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AMS2808 Identification, Forgings

AS1814 Terminology for Titanium Microstructures

AS6279 Standard Practice for Production, Distribution, and Procurement of Metal Stock
AS7766 Terms Used in Aerospace Metals Specifications

2.2 ASTM Publications

Available from ASTM International, 100 Barr Harbor Drive, P.O. Box C700, West Conshohocken, PA 19428-2959,
Tel: 610-832-9585, www.astm.org.

ASTM E8/E8M  Tension Testing of Metallic Materials

ASTM E539 Analysis of Titanium Alloys by Wavelength Dispersive X-Ray Fluorescence Specirometry
ASTM E384 Micrpindentation Hardness of Materials

ASTM E399 Plane-Strain Fracture Toughness of Metallic Materials
ASTM E1409 Detdrmination of Oxygen and Nitrogen in Titanium and Titanium Alloys by Inert Gas Fusion

ASTM E1447 Detgrmination of Hydrogen in Reactive Metals and Reactive Metal Alloys by |Inert Gas Fusion with
Detgction by Thermal Conductivity or Infrared Spectrometry

ASTM E1941 Detdrmination of Carbon in Refractory and Reactive Metals and Their Alloys by Gombustion Analysis

ASTM E2371 Analysis of Titanium and Titanium Alloys.by Direct Current Plasma and Inductively Coupled Plasma
Atonpic Emission Spectrometry (Performance-Based Test Methodology)

ASTM E2994 Analysis of Titanium and TitaniumcAlloys by Spark Atomic Emission Spectrometfy and Glow Discharge
Atonpic Emission Spectrometry(Performance-Based Method)

2.3 Definitions
Terms used in AMS are defined in AS7766 and as follows:
2.3.1  Terminology rdlating to titanium microstructures is presented in AS1814.

2.3.2 BETA TRANSUS TEMPERATURE

The lowest temperature_at'which 100% of the alloy is converted to the beta phase

3. TECHNICAL REQUIREMENTS
3.1 Composition

Shall conform to the percentages by weight shown in Table 1; carbon shall be determined in accordance with ASTM E1941,
hydrogen in accordance with ASTM E1447, oxygen and nitrogen in accordance with ASTM E1409, and other elements in
accordance with ASTM E539, ASTM E2371, or ASTM E2994. Other analytical methods may be used if acceptable to
the purchaser.
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Table 1 - Composition

Element Min Max
Vanadium 9.0 11.0
Aluminum 2.6 3.4
Iron 1.6 2.2
Oxygen -- 0.13
Carbon -- 0.05
Nitrogen -- 0.05 (500 ppm)
Hydrogen -- 0.015 (150 ppm)
Yttrium (see 3.1.1 and 3.1.2) -- 0.005 ( 50 ppm)
Other Elements, each (see 3.1.1) -- 0.10
Other Elements, total (see 3.1 .1) -- 0.30
Titanium remainder

3.1.1  Determination

3.1.2 Check Analysi

Composition variationg
over maximum will be
3.2 Melting Practice

Alloy shall be multiple

electron beam cold hearth, or plasma arc cold hearth melting practice, The subsequent melt or me

vacuum arc remelting

3.2.1  The atmosphg

absolute press
3.2.2 The electrode

3.3 Condition

The product shall be sdipplied in the following*condition:

3.3.1  Forgings
Solution heat treated, (

3.3.2 Forging Stock

hot required for routine acceptance.

shall meet the applicable requirements of AMS2249. If yttriumycontent is d
bermitted.

melted. The first melt shall be made by vacuum.consumable electrode, non
VAR) practice. Alloy additions are not permitted in the final melt cycle.

re for nonconsumable electrode meltiag shall be vacuum or shall be argg
ure not higher than 1000 mm of mercury.

ip for nonconsumable electrode:melting shall be water-cooled copper.

veraged, descaled, and pickled.

btermined, no variation

consumable electrode,
ts shall be made using

n and/or helium at an

As ordered by the forgi

3.4 Heat Treatment

ng manufacturer (see 8.6).

Forgings shall be solution heat treated and aged as follows; pyrometry shall be in accordance with AMS2750:

3.441

Forgings shall be single solution heat treated by heating to a temperature 60 to 100 °F (33 to 36 °C) below the

beta transus (see 2.3.2), holding at heat for not less than 30 minutes, and quenching in water.

3411

Other solution heat treatments may be employed when agreed upon by the purchaser and producer.
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3.4.1.2 Beta Transus Determination

The beta transus temperature shall be determined by metallography, differential thermal analyzer, chemical composition
calculation for the alloy, or any method acceptable to the purchaser. Thermal controls and readouts shall be calibrated to
an accuracy of £5 °F (£3 °C). Beta transus accuracy shall be £15 °F (£8 °C) (see 2.3.2).

3.4.2 Aging Heat Treatment

Heat to a temperature within the range 1050 to 1150 °F (566 to 621 °C), hold at the selected temperature within £15 °F
(x8 °C) for not less than 8 hours, and cool to room temperature.

3.5 Properties

The aged product shall conform to the following requirements:

3.5.1  Forgings
3.5.1.1  Tensile Properties
Shall be as specified jn Table 2 for forgings 4.00 inches and under (101.6 mm) ifyhominal crogs-sectional thickness,
determined in accordgnce with ASTM E8/E8M, with the rate of strain set at 0:005 in/in/min (0005 mm/mm/min) and

maintained within a tol¢rance of £0.002 in/in/min (£0.002 mm/mm/min) throughtthe 0.2% offset yield strain.

Table 2 - Minimum tensile propérties

Property Value
Tensile Strength 140 ksi (965 MPa)
Yield Strength at 0.2% Offset 130 ksi (896 MPa)
Elongation in 4D 8%
Reduction of Area 20%

3.5.1.1.1 Tensile refjuirements apply in both the-longitudinal and transverse directions, but fests in the transverse
direction nped be made only on forgings‘from which a specimen not less than 2.50 inches (62.5 mm) in length
can be obtgpined.

3.5.1.1.2 Mechanicdl property requirements for product outside the range covered by 3.5.1.1|shall be agreed upon
between the purchaser and‘producer and reported per 4.4.3 (see 8.6).

3.5.1.2  Fracture Toyghness

Kic shall be not lower than(80 ksi Vinch (88 MPa Ym), determined in accordance with ASTM [E399 for all specimen
orientations. To facilitale determmat|on of fracture toughness, a tensne specrmen taken |mmed|ately bdjacent to the location
of the fracture toughneg ¢ in the same direction.
If a tensile specimen cannot be eXC|sed from the forglng W|th the fracture plane in the same dlrect|on as that of the fracture
toughness specimen, the orientation of the tensile specimen shall be as approved by the purchaser.

3.5.1.2.1  Forgings not meeting the minimum fracture toughness requirements may be re-aged in accordance with 3.4.2
and retested for fracture toughness and tensile properties.

3.5.1.3 Microstructure

Microstructural examination shall be conducted using a magnification of not less than 200X on a suitably etched
metallographic specimen.
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3.5.1.3.1

The microstructure shall consist of primary alpha phase in a matrix of aged beta. An unbroken, continuous

alpha phase network along prior beta phase grain boundaries is not acceptable unless the purchaser and
producer have agreed that such phase is acceptable and tensile and fracture toughness properties are met.

3.5.1.3.2
0.030 inch

3.5.14

by 0.030 inch (0.76 mm by 0.76 mm), or equivalent, area.

Surface Contamination

There shall be no evidence of rejectable beta flecks. A rejectable beta fleck exhibits no primary alpha in a

Except as specified in 3.5.1.4.2, forgings shall be free of any oxygen-rich layer (see 8.2), such as alpha case, or other
surface contamination, determined by microscopic examination at not lower than 400X magnification or other method
acceptable to the purchaser (see 8.6).

A surface hardness more than 40 points higher than the subsurface hardness, determined in accordance with

3.5.1.4.1
ASTM E3
3.5.1.4.2 When per
such layer
3.5.2 Forging Stock

When a sample of stod
heat treated as in 3.4
specimens taken from
accepted as equivalen

3.6 Quality

The product, as receiv
and from imperfections

3.6.1 Grain flow of d
forgings showi
3.7 Production, distr

3.8 Exceptions
Any exceptions shall b

4. QUALITY ASSUR/

4 on the Knoop scale using a 200-g load, shall be evidence of unacceptable

hitted by the purchaser, forgings to be machined all over may have @n-oxy
is removable within the machining allowance on the forging.

k is forged to a test coupon having a degree of mechanical working not grea
specimens taken from the heat-treated coupon shall conform to the req
the stock after heat treatment as in 3.4 conform to‘the requirements of 3.5
to tests of a forged coupon.

pd by the purchaser, shall be uniform-in’quality and condition, sound, and frg
detrimental to usage of the product.

ie forgings, except in areas that:contain flash-line end grain, shall follow the
ng no evidence of reentrant-grain flow.

bution, and procurement 6f metal stock shall comply with AS6279.

b authorizedby the purchaser and reported as in 4.4.3.

ANCE’/PROVISIONS

surface contamination.

hen-rich layer provided

r than the forging and

e
llnirements of 3.5.11. If

.1.1, the tests shall be

e from foreign material

general contour of the

4.1 Responsibility fo

[ Inspection

The producer of the product shall supply all samples for the producer’s tests and shall be responsible for the performance
of all required tests. The purchaser reserves the right to sample and to perform any confirmatory testing deemed necessary
to ensure that the product conforms to specified requirements.
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4.2 Classification of Tests

421 Acceptance Tests

Composition (see 3.1), tensile properties (see 3.5.1.1), fracture toughness (see 3.5.1.2), microstructure (see 3.5.1.3),
surface contamination (see 3.5.1.5), and beta transus temperature (see 3.4.1.2) are acceptance tests and shall be
performed on each heat or lot as applicable.

4.2.2 Periodic Tests

Grain flow of die forgings (see 3.6.1) and tests of forging stock to meet required properties (see 3.5.2) are periodic tests
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 not less than the following; a lot shall be all forgings of the same nominal size and configluration, from the same
heat, processed at the pame time under the same fixed conditions, and presented for the producer’s|inspection at one time.

4.3.1 For Acceptance Tests
4.3.1.1  Composition

One sample from each|ingot except that for hydrogen determinations one sample from each lot, obtgined after thermal and
chemical processing is|completed.

4.3.1.2 Tensile and fFracture Toughness Properties

4.3.1.2.1  Two samples from a forging or forging prolongations\from each lot, sufficient to provide|two test specimens for
each property to be measured.

4.3.1.2.2 Location apd orientation of tensile and fracture-‘toughness specimens shall be as agreed upon by the purchaser
and produger. If not defined by the purchaser, the producer shall select test specimens frpm the heaviest section
and shall select orientation in the following order of preference: transverse or longitudinal for tensile specimens
and S-T, TtL, or L-T in accordance with ASTM E399 for fracture toughness specimens.

4.3.1.2.3 If a Kq valle is invalid solely onjthe basis of either W-a is less than 2.5 (Kao/TYS)? or Pmax/PQ is greater than
1.10 or both, and the thickest possible specimen has been used, the Ka value may be uged as Kic to satisfy the
requirements of 3.5.1.2,.\Ka values invalid on the basis of criteria other than listed above (e.g., crack
front curvature, etc.).‘shall not be used, but an additional specimen shall be tesfed for each of these
invalid specimens.

4.3.1.2.4 Where sufficient-material does not exist for retest of the forging having invalid resylts, the retest may be
performed|fram another forging from the same lot.

4.3.1.3  Microstructure and Surface Contamination

One or more samples from each lot. Microstructural evaluations may be taken from any convenient location outside the
machined part envelope for surface examination and from broken test specimens for general microstructure.

4.3.1.4 Beta Transus Determination
One sample each from the top and bottom of an ingot produced from a heat or one sample from each lot except that any
lot comprising a full ingot shall be sampled on the top and bottom of the ingot. Sampling for beta transus determination is

not required when the calculated chemical composition option in 3.4.1.2 is used.

4.3.1.5 Photographs of the macrostructure and grain flow pattern shall be provided to the purchaser.
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