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TITANIUM ALLOY CASTINGS, INVESTMENT OR RAMMED ‘GRAPHITE
' 6A1 - 4V
Annealed

1. SCOPE:

1.1 Form: This specification covers a titanium alloy in the form of investment
or rammgd graphite castings.

1.2 Applicafjions: Primarily for parts of intricate deéign requiring relatively
good stiyength-to-weight ratio and good toughness and corrosion fresistance.

2. APPLICABLE DOCUMENTS: The following publications”form a part of|this
specificgtion to the extent specified herein.\\The latest issue ¢f RAerospace
Material [Specifications (AMS) shall apply. “The applicable issue|of other
documentd shall be as specified in AMS 2350. '

2.1 SAE Publ ications: Available from SAE, 400 Commonwealth Drive, Warrendale,
. PA_ 15096. '

2.1.1 BRAerospace Material Specifications:

AMS 2350 - Standards and Test Methods

AMS 2635 - Radiographitc, Inspection

AMS 2645 - Fluorescent Penetrant Inspection 7
AMS 2694 - Repair Welding of Aerospace Castings
AMS 2404 - Identification, Castings

2.2 ASTM Pul lications: Available from American Society for Testing|and
Materials, Y916 Race Street, Philadelphia, PA 7191-03.

ASTM E8| -+ Tension Testing of Metallic Materials

ASTM E18 = Rockwell Hardness and Rockwell Superficial Hardness of
: Metallic Materials

ASTM E120 -~ Chemical Analysis of Titanium and Titanium Alloys

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

SAE Technical Board rules provide that: "All technical reports, including standards approved and practices recom-
mended, are advisory only. Their use by anyone engaged in industry or trade or their use by governmental agencies
is entirely voluntary. There is no agreement to adhere to any SAE standard or recommended practice, and no com-
mitment to conform to or be guided by any technical report. In formulating and approving technical reports, the
‘ Board and its Committees will not investigate or consider patents which may apply to the subject matter. Prospec-
tive users of the report are responsible for protecting themselves against liability for infringement of patents.”

Copyright1983 Society of Automotive Engineers, Inc. _
All rights reserved : Printed in U.S.A.
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2.3.1 PFederal Standards:

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

2.3.2 Military Standards:

MIL-STD-794 - Parts and Equipment, Procedures for Packaging and Packing of

3. TECHNICAL REQUIREMENTS:

3.1 Compositiion: Shall conform to the following percentages by weight,
determingd by wet chemical methods in accordance with ASTM E120'| by
spectrographic methods in accordance with Federal Test Method Standard
No. 151, Method 112, or by other analytical methods approved by |purchaser:

min max
Aluminum 5.50 - 6.75
Vanadium 3.50 - 4.50
Iron - 0.30
Oxygen : - 0.20
Carbon - 0.10
Nitrogen ) - 0.05 (300 ppm)
Hydrogen - 0.015 (150 ppm)
Yttrium - 0.005 (|50 ppm)
Residual Elements, each (3.1.1) - 0.10
Residual Elements, total (3.1.1) - 0.40
Titanium remainder

3.1.1 Determfination not required for routine acceptance.
3.2 conditiopn: Annealed{

3.3 casting:

3.3.1 The mefal for castings shall be melted and poured under vacuum without
loss of vacuum between melting and pouring.

3.2 Castings shall be poured only from a master heat qualified as in 3.4,
[} Ssolidification of the master heat into pigs or ingots before melting for
pouring castings is optional,

3.3.2.1 A master heat shall consist of metal which has been consumable electrode
g melted under vacuum. The electrode shall be made from metal conforming
to 3.1 which has been previously consumable electrode melted. The
electrode shall not include any sponge or chips or any welds
contaminated with tungsten. It may include cleaned foundry scrap

(gates, sprues, risers, and rejected castings) provided it is from
previously qualified master heats.
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Heat Qualification:

Bach master heat shall be qualified by

evaluation of chemical analysis and tensile specimens conforming to 3.4.1

and 3.4.2, respectively.

A master heat may be considered conditionally

qualified if vendor's test results show conformance to all applicable

requirements of this specification.

However, except when purchaser waives

confirmatory testing, final qualification shall be based on purchaser's test

results.

Conditional qualification of a master heat shall not

as a guarantee of acceptance of castings poured therefrom.

3.4.1 Chemical Analysis Specimens:

form
purch

by purchaser and vendor.

3.4.2

Tensile Specimens:

be construed

Shall be of any convenient size, shape, and

or vendor 's-tests; when chemical analysis specimens arj

ser, specimens shall be cast to a size, shape, and for

cast

pourefl directly from a master heat, in which case|the specim
be po
propo
at the reduced parallel gage section.
shall

diame

3.5 Heat Tr

rom remelted metal from each master heat except when c

red directly from the master heat. Specimens shall be
Ftions in accordance with ASTM-E8 with-0.250 in. (6.25

Specimens shall be ca
be cast oversize and subsequently machined to 0.250 in,
Fer .

eatment: Castings and representative tensile specimens

anneale
within
tempera
below 1

3.6
represe

conform

3.6.1,1
require

3 6.1 Tensi

Properties:

i by heating in vacuum or a.c¢ontrolled atmosphere to a ¢
the range 1300° - 1550°F (705° - 845°C), holding at the
fure within +25°F (+15°C) for 2 - 4 -hr, cooling in the f
DOO0°F . (540°C), and cooling in air to room temperature.

Castings, specimens cut from attached coupons, and
htative tensile-specimens produced in accordance with 3.
to the following requirements; conformance to the requi
shall be used for acceptance except when purchaser sped
[ents of 3.6.1,2 apply:

e Properties: Sﬁall be as specifiedrin 3.6.1.1 or 3.6,

deter
at 0.

ined in accordance with ASTM E8 with the rate of strain

required by
agreed upon

Integral or separately-cast tensile specimens shall be

stings are
ns shall also
of standard
) diameter
t to size or
(6.25 mm)

shall be
emperature
selected
urnace to

4.2 shall
rements of
ifies that

1.2,
maintained

03'- 0.007 in./in. per min. (0.003 - 0.007 mm/mm per mi

n.) through

the yield strength and then increased so as to produce failure in

appro

ximately 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
and a
yleld

3.6.1.1

in./in. per min.
minimum cross head speed of 0.10 in.
strength.

(2.5 mm) per min.

(0.005 mm/mm per min.) through the yield strength

above the

Tensile Strength, min

Yie

Elongation in 4D, min

130,000 psi (895
120,000 psi (825
6%

14 Strength at 0.2% Offset, min

Separately-Cast Specimens or Specimens Cut From Attached.Coupons:

MPa)
MPa)
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3.6.1.2 Specimens Cut From Castings:

3.6.1.2,1 Designated Areas:

Tensile Strength, min 130,000 psi (895 MPa)
Yield Strength at 0.2% Offset, min 120,000 psi (825 MPa)
Elongation in 4D, min 6%

3.6.1.2.2 Non-Desighated Areas:

Yjield Strength at 0.2% Offset, min
Ellongation in 4D, min

T i } MPa)
108,000 psi (748 MPa)

4.5%

3.6.,2 Hardness of Castings: Shall be not higher than 39 HRE, or equivalent,
deterfined in accordance with ASTM E18.

3.6.3 sSurfape Contamination: Castings shall be free/of any oxygen4rich layer,
such ps alpha case, any carbon-rich layer, of ‘other surface ¢gontamination.,

3.7 Qualityg
3.7.1 Castipgs, as received by purchaser, shall be uniform in quality and
condition, sound, and free from foreign materials and from internal and
exterhal imperfections detrimental’;to usage of the castings. .

3.7.1.1 Castings shall have smooth surfaces and shall be well cleaned. Metallic
shok or grit shall not be-used for final cleaning, unless gtherwise
permitted by purchasers

3.7.2 Castipngs shall be preduiced under radiographic control, unlesg otherwise
specified., This cohtrol shall consist of radiographic examination of
castings in accordance with AMS 2635 until proper foundry teghnique, which
will produce castings free from harmful internal imperfections, is
establlished fof each part number and of production castings gs necessary
to engure maintenance of satisfactory quality.

3.7.3 When gpecified, castings shall be subjected to fluorescent pgnetrant
inspe&ti i i

T TOy

3.7.4 Radiographic, fluorescent penetrant, and other quality standards shall be
as agreed upon by purchaser and vendor.

3.7.5 Castings shall not be repaired by peening, plugging, welding, or other
methods without written permission from purchaser.

3.7.5.1 When permitted in writing by purchaser, defects in castings may be
removed and the castings repaired by welding in accordance with BMS 2694.

. Distributed under license from the IHS Archive
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4. QUALITY ASSURANCE PROVISIONS:

4.1

Responsibility for Ingpection: The vendor of castings 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 any
confirmatory testing deemed necessary to ensure that the castings conform to
the requirements of this specification.

Classification of Tests:

4.2,1 Acceptance Tests: Except as specified in 4.2.1.1, tests &g Letermine

confdrmance to all technical requirements of this specific¢ation are
clasgified as acceptance tests and shall be performed to represent each
mastqr heat or lot as applicable.

4.2.,1.1 Tersile properties of specimens cut from castings shall be|determined

only when specified by purchaser or when representative separately-cast
spgcimens or specimens cut from attached_coupons are not available.
Terlsile properties of separately-cast specimens or of specimens from
atfached coupons need not be determined)when tensile properties of
sp]cimens cut from castings are detegymined.

4.2.2 Preproduction Tests: Tests to detérmine conformance to all technical

4.2.2

4.3
8

4.3.1

4.3.2

requirements of this specification are classified as preprodgiction tests
and ghall be performed prior te or on the first—article shipxent of a
casting to a purchaser, when & change in material or processing, or both,
requires reapproval as in:4./4.2, and when purchaser deems confirmatory
testing to be required.

.1 Foy direct U.S. Military procurement, substantiating test ¢lata and, when
requested, preproduction test material shall be submitted to the
cognizant agency as directed by the procuring activity, the contracting
offficer, or/the request for procurement.

Sampling: _Shall be in accordance with the following; a lot shall be all
castings of‘the same part number poured from the same master heéat in not
longer |than eight consecutive hours, annealed in the same heatrtreat batch,
and presented for vendor's inspection at one time:

Two chemical analysis specimens in accordance with 3.4.1 or a casting from
each master heat except that for hydrogen determinations one sample from
each lot, obtained after thermal and chemical processing is completed.

Three separately-cast tensile specimens in accordance with 3.4.2 from each

master heat except when tensile specimens are permitted to be obtained
from attached coupons as in 4.3.3.
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4.3.3

4.3.4

4.3.5

4.3.6

4.4

4.4.1

4.4.2

One attached coupon, when specified or permitted by purchaser, obtained

from each of three castings or clusters of castings selected
from each lot.

at random

Coupons shall be of a size and shape and located on

castings as specified on the part drawing or as agreed upon by purchaser

and vendor. Specimens conforming to ASTM E8 with 0.250 in.

{(6.25 mm)

diameter at the reduced parallel gage section shall be machined from each

coupon.

Two preproduction castings in accordance with 4.4.1 of each part number.

One or—more castings from each lot when tensile properties of specimens

cut from castings are required. Specimens shall conform to,?
shall|be either 0.250 in. (6.25 mm) diameter at the reduced H
sectibn, sub-size specimens proportional to the standarxd) or
sheetrtype specimens. For determining conformance tocthe reg
3.6,112, if specimen locations are not specified on(the drawi
purchaser, not less than four tensile specimens, two from the
sectipn and two from the thinnest section, shall'‘be cut from
castings from each lot.

termining conformance to quality requirements, sampling
upon by purchaser and vendor.

castings from new or reworked master patterns and the
ure shall be approved bylpurchaser before castings for
e supplied, unless such- approval be waived by purchaseln

shall establish separately for tensile specimens used
ualification and\for production of sample castings of e
parameters foOr)‘the process control factors which will
e specimens (meeting master heat qualification requireme
able castings; these shall constitute the approved casf
ures and({shall be used for producing subsequent master
ication specimens and production castings. If necessal
in{parameters for the process control factors, vendor

STM E8 and

arallel gage

standard

uirements of

ng or by
thickest

a casting or

shall be as

casting
production

for master
ach part
produce

nts and

ing

heat

y to make any
shall submit
ing and, when

approval a statement of the proposed changes in process

reque

lion castings

incorporating the revised operations shall not be shipped prior to receipt

of reapproval.
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4.4.2.1 Control. factors for producing tensile speclmens and castlngs include,

but

are not limited to, the following:

Size of furnace crucible
Master heéat metal source
Vacuum level

Mold refractory formulatlon
Mold back-up material

Gati

ing practices

Mold preheat and pourlng temperatures (variations of +25°F (+15°C) from

So

4.4.2.1.1

4.5 Reportsg:

4.5.1

4'5.2

- | hY
oy

idification and coollng procedures

aling heat treatment cycles’

isostatic processing procedures, when speclfled
ning operations :

ods of inspection

y of the above process control factors for which parameters are
nsidered proprietary by the vendor mayibe assigned a cqde

' esignation. Each variation in such parameters shall be assigned a

The v
repoy
one d

dified code designation.

endor of castings shall furnfsh with each shipment three copies of a
t showing the results of tests for chemical composition|of at least
asting, or of specimens as in 3.4.1 cast in a mold with|parts, from

each master heat represented and the results of tests for tensile

props

rties of separately-cast specimens, of specimens cut from attached

coupdns when permitted, or of specimens cut from castings representing

each
casti

lot, and the results of tests for hydrogen content and Rardness of
ngs from each-\lot, and stating that the castings conform to the

quali

ty requirements of thlsrspec1f1cat10n. This report shall include the
ase order-number, master heat number or code symbol, AM$ 4985A, part

_and quantlty. When castings for making parts are produced or purchased by

the parts vendor, that vendor shall inspect castings from each master heat
represented to determine conformance to the requirements of this
specification and shall include in the report either a statement that the
castings conform or copies of laboratory reports showing the results of
tests to determine conformance.
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