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Titanium Alloy, Sheet, Strip, and Plate
4Al - 2.5V - 1.5Fe
Annealed

(Composition similar to UNS R54250)

RATIONALE

AMS 6946A is a correction in paragraph numbers of 3.5.3 and an update of the specificatipn.

1. SCOPE
1.1 Form
This specification covefs a titanium alloy in the form of sheet, strip, and plate.
1.2  Application

These products have een used typically for parts requiring strength,up to 750 °F (400 °C), weldgbility, ductility and cold
formability, superplasti¢ forming capability, but usage is not limited:to-such applications.

2. APPLICABLE DOGUMENTS
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 hereinl The supplier may work to a subsequent revision of a document unless a specific 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.

2.1 SAE Publications

Available from SAE International, 400 €ommonwealth Drive, Warrendale, PA 15096-0001, Tel: 877-606-7323 (inside USA
and Canada) or 724-716-4970 (outside USA, or www.sae.org.

AMS 2242 Tolerances, Corrosion and Heat-Resistant Steel, Iron Alloy, Titanium, and Titanium Alloy Sheet,
Strip;/and Plate

AMS 2249 Chemical Check Analysis Limits, Titanium and Titanium Alloys

AMS 2630 Tnspection, Ultrasonic Product Over U.5 Inch (TZ.7 mm) ThicK

AMS 2750 Pyrometry

AMS 2809 Identification, Titanium and Titanium Alloy Wrought Products

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 © 2007 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)
Tel: 724-776-4970 (outside USA)
Fax: 724-776-0790
Email: custsvc@sae.org

SAE WEB ADDRESS: http://www.sae.org
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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, or
ASTME 8

ASTM E 290

ASTM E 384

ASTM E 1409

ASTM E 1447

ASTM E 1941

www.astm.org.

Tension Testing of Metallic Materials
Bend Testing of Material for Ductility
Microindentation Hardness of Materials

Standard Test Method for Determination of Oxygen and Nitrogen in Titanium and Titanium Alloys

by the Inert Gas Fusion Technique.

Determination of Hydrogen in Titanium and Titanium Alloys by the Inert Gas Fusion Thermal

Conductivity/Infrared Detection Method

Qi Aard Tt MNMathad for reatlaation

Dat af Carban 1n Dafeantom, ond D
otaRtara—TeSstvietRoatoroeterfRatoR—or-oafooi—t—1~

gctive Metals and Their

ASTM E 2371

3. TECHNICAL REQ

3.1 Composition
Shall conform to the p
1941, hydrogen in acq
elements in accordanc

3.1.1  Determination

3.1.2  Check Analysi

UIREMENTS

e with ASTM E 2371. Other analytical methods may be used if acceptable to

\/llu\JL\.lI] armfu T\vg
Alloys

Standard Test Method for Analysis of Titanium and Titanium Alloys by-At
Spectrometry

ercentages by weight shown in Table 1; carbon shall ‘be determined in acq
ordance with ASTM E 1447, oxygen and nitrogen. in accordance with AS

TABLE 1 - COMPQSITION

Element min max

Aluminum 3.5 4.5

Vanadium 20 3.0

Iron 1.2 1.8

Oxygen 0.20 0.30

Carbon -- 0.08 (800 ppm)
Nitrogen -- 0.03 (300 ppm)
Hydrogen -- 0.015 (150 ppm)
Other Elements, each (3.1.1) -- 0.10

Other Elements, total (3.1.1) -- 0.30

Titanium remainder

hot required for routine acceptance.

p

bmic Emission Plasma

ordance with ASTM E
M E 1409, and other
he purchaser.

Composition variations
3.2 Melting Practice

3.2.1

shall meet the applicable requirements of AMS 2249.

Alloy shall be multiple melted. Melting cycle(s) prior to the final melting cycle shall be made using vacuum

consumable electrode, nonconsumable electrode, electron beam cold hearth, or plasma arc cold hearth melting
practice. The final melting cycle shall be made under vacuum using vacuum arc remelting (VAR) practice with no

alloy additions

3.2.1.1

permitted.

absolute pressure not higher than 1000 mm of mercury.

3.21.2

The electrode tip for nonconsumable electrode melting shall be water cooled copper.

The atmosphere for nonconsumable electrode melting shall be vacuum or shall be argon and/or helium at an
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3.3 Condition

The product shall be supplied in one of the following conditions:

3.3.1

Sheet or strip hot rolled to an intermediate stage, finished to nominal size by cold reduction, and annealed.

Product shall be leveled and pickled, as required, and have surface appearance comparable to a commercial

corrosion-resis

3.3.2

tant steel 2D finish (See 8.2).

Plate hot rolled to dimension and annealed, descaled and surface conditioned by spot grinding with pickling as a

last surface operation to yield a product free of alpha case and detrimental grinding artifacts, having a surface

appearance comparable to a No. 1 finish (See 8.2).

Plate product shall be produced using standard industry

practices designed strictly for the production of plate stock to procured thickness. Bar, billet, forgings, or forging

stock shall not
3.4 Annealing
The product shall be a
selected temperature \
procedure used, and ¢
accordance with AMS

3.5 Properties

The product, as furnished, shall conform to the requirements of 3.5.1,3:5.2, 3.5.3, and 3.5.4. Prod

requirements of 3.5.1

cooled at a rate equiva
3.5.1 Tensile Proper
Shall be as specified

determined in accorda
0.007 mm/mm/minute

additional minute. When a dispute occurs between purchaser and vendor over the yield strength

shall be performed on
through the yield streng

[N Laali L £ lat
Vo oUpPprncu mrnocu Ul pratc.

nnealed by heating to a temperature within the range 1300 to 1500=°F (705 tq
ithin £ 25 °F (£ 14 °C) for a time commensurate with product thickness, and
ooling at a rate which will produce product meeting the requirements of 3.5
P750.

nd 3.5.2 after being heated in air to 1325E4 25 (720 °C + 14), held at h
ent to an air cool or slower, and descaled:;

fies
in Table 2 on product 0.020 {0 2.10 inches (0.50 to 53.3 mm), inclusive
hce with ASTM E 8 with the.fate of strain maintained at 0.003 to 0.007 inc

through the yield strengthand then increased so as to produce failure

B machine having a_strain rate pacer, using a rate of 0.005 inch/inch/minute
th and a minimum ‘cross head speed of 0.10 inch per minute (0.04 mm/s) ab

TABLE 2A<MINIMUM TENSILE PROPERTIES, INCH/POUND UNITS

815°C), holding at the
heating equipment and
. Pyrometry shall be in

uct shall also meet the
pat for 20 minutes * 2,

in nominal thickness,
n/inch/minute (0.003 to
in approximately one
values, a referee test
0.005 mm/mm/minute)
ove the yield strength.

Yield Strength Elongation
Nominal Thickness Tensile Strength at 0.2% Offset in 2 inches or 4D
Inches ksi ksi %
L LT L LT L LT
Cold Rolled
0.020 to 0.156, incl 130 130 110 115 10 10
Hot Rolled
0.125 to 2.10, incl 130 130 115 115 10 10
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TABLE 2B - MINIMUM TENSILE PROPERTIES, SI UNITS

Nominal Thickness

Tensile Strength

Yield Strength
at 0.2% Offset

Elongation
in 50.8 mm or 4D

Millimeters MPa MPa %
L LT L LT L LT
Cold Rolled
0.508 to 3.96, incl 896 896 758 792 10 10
Hot Rolled
3.20 to 53.4, incl 896 896 792 792 10 10

3.5.2 Bending

Product under 0.1875

(19.06 mm) in width, with its axis of bending parallel to the direction of rolling. The sample-ghall
temperature in confornpance with the guided bend test defined in ASTM E 290 through anangle off 105 degrees. The test

fixture supports shall h

the bend factor shown

TABLE 3 - BEND FACTOR

inch (4.762 mm) in nominal thickness, shall have a test sample prepared nominally 0.750 inch

e bend tested at room

ave a contact radius 0.010 inch (0.25 mm) minimum, and the plungeér shall have a diameter equal to
in Table 3 times the nominal thickness. Examination of the bent-sample shall show no evidence of
cracking when examingd at 15 - 25X magnification.

Nominal Thickness Nominal Thickness Bend
Inch Millimeters Factor
Up to 0.1875, incl Up to 4.76;.incl 8

3.5.3 Microstructure

Shall be that structure

or 3.5.3.4. A microstrugture showing a continuous network-of alpha in prior beta grain boundaries is

3.5.3.1  Lamellar alp
3,532
3.5.3.3
3534
3.5.4 Surface Conta

The product shall be fi

3.54.1,3.54.2,3.54.3,0r other method acceptable to purchaser

3.54.1
3.5.4.2 Microscopic

3543

Equiaxed algha in a transformed beta matrix.
Equiaxed algha and elongated.alpha in a transformed beta matrix.

Partially broken and distorted grain boundary alpha with plate-like alpha.

resulting from alpha-beta processing."Microstructure shall conform to 3.5.3.1

ha with some equiaxed alphasin a transformed beta matrix.

mination

,or3.5.3.2, or 3.5.3.3,
not acceptable.

The bend test of 3.5.2.

examination at 400X minimum.

inAtion, determined as in

Hardness differential; a surface hardness more than 40 points higher than the subsurface hardness, determined

in accordance with ASTM E 384 on the Knoop scale using a 200 gram load, being evidence of unacceptable
surface contamination.

3.5.4.4

In case of dispute, the method of 3.5.4.3 shall apply.
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3.6 Quality

The product, as received by purchaser, shall be uniform in quality and condition, sound, and free from "oil cans" (see
8.3.1) of depth in excess of the flatness tolerance, ripples, and foreign materials and from imperfections detrimental to

usage of the product.

3.6.1

2630, Quality Class A, when specified in Purchase Documents (See 8.6).

3.7 Tolerances

Shall conform to all applicable requirements of AMS 2242.

Plate 0.500 to 2.10 inches (12.70 to 53.4 mm) inclusive shall be ultrasonically inspected in accordance with AMS

3.71
3.7.2 Flatness toler
3.7.3 Special flatnes

4. QUALITY ASSURA

4.1 Responsibility fo

rcesdonot app:y to—coited pluu'uuta.
5 may be specified for plate, in which case the special flatness tolerances-of
ANCE PROVISIONS

Inspection

The vendor of the prodluct shall supply all samples for vendor's tests and shaill*be responsible for

required tests. Purcha
ensure that the produc

4.2 Classification of

4.2.1 Acceptance Tg

Composition (3.1), con|
(3.5.4), quality (3.6),
performed on each hea

4.2.2 Periodic Tests

The following requiren
frequency of testing is

4221

4,222 Tensile (3.5.

ser reserves the right to sample and to perform any“confirmatory testing
conforms to specified requirements.

lests
sts
dition (3.3), tensile properties (3.5(1), bending (3.5.2), microstructure (3.5.3)

olerances (3.7) and, when specified, ultrasonic inspection are acceptan
t or lot as applicable.

hents are periodic ;tests and shall be performed at a frequency selected
specified by purchaser:

Surface confamination; as determined by 3.5.4.2 and 3.5.4.3.

1) andbending (3.5.2) properties of product after reheating to 1325 °F + 25 (]

AMS 2242 apply.

the performance of all
deemed necessary to

surface contamination
ce tests and shall be

by the vendor unless

20 °C + 14).

4.3 Sampling and Testing

Shall be in accordance with the following; a lot shall be all product of the same nominal size from the same heat processed

at the same time:
4.3.1

4.3.1.1 Composition

For Acceptance Tests

One sample from each heat, except that for hydrogen determinations one sample from each lot obtained after thermal and
chemical processing are completed.

4.3.1.2

Tensile Property, Bending, Microstructure, and Surface Contamination Requirements

One or more samples from each lot for each requirement.
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