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Titanium Alloy, Investment Castings
BAl - 4V
130 UTS, 120 YS, 6% EL
Hot Isostatically Pressed

Anneal Optional or When Specified
(Compositiomrsimitarjto UNS R56401)

1. SCOPE:
1.1 Form:
This spegcification covers a titanium alloy in the form of investment castings.

1.2 Application:

These gastings have been used typically for parts of.intricate design requiring a combination of
good strength-to-weight rate and corrosion resistance, but usage is not limited to such
applicafjons.

2. APPLICABLE DOCUMENTS:
The issud of the following documentsin effect on the date of the purchase order forms a part of
this specification to the extent specified herein. The supplier may work to a subsequent revision of
a documgnt unless a specific document issue is specified. When the referenced document has
been cang¢eled and no superseding document has been specified, the last publ{shed issue of that
document shall apply.

2.1 SAE Publications:

Available from 'SAE, 400 Commonwealth Drive, Warrendale, PA 15096-0001 jor www.sae.org.

AMS 2249 Chemical Check Analysis Limits, Titanium and Titanium Alloys
AMS 2694 Repair Welding of Aerospace Castings

AMS 2804 Identification, Castings

AMS-H-81200 Heat Treatment of Titanium and Titanium Alloys

AMS-STD-2175 Castings, Classification and Inspection of

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 2003 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, 100 Barr Harbor Drive, West Conshohocken, PA 19428-2959 or

www.as

tm.org.

ASTM B 600
ASTM E 8

ASTM E 8M
ASTM E 120

ASTM

155

Descaling and Cleaning Titanium and Titanium-Alloy Surfaces

Tension Testing of Metallic Materials

Tension Testing of Metallic Materials (Metric)

Chemical Analysis of Titanium and Titanium Alloys
Reference quingrnth for Incpnnfinn of Aluminum-and M gnesium A|||oys

ASTM B

ASTM B
ASTM H

ASTM H
ASTM B

ASTM H
3. TECHNIQ
3.1 Compoj
Shall cg
accordg

elemen
method

F 192

F 1320
- 1409

- 1417
- 1447

F 1742

Bition:

Reference Radiographs of Investment Steel Castings of Agrospace

Applications

Reference Radiographs for Titanium Castings

Determination of Oxygen in Titanium and Titanium”Alloys Ry the Inert Gas

Fusion Technique
Liquid Penetrant Examination

Determination of Hydrogen in Titanium and Titanium Alloyg by the Inert Gas

Fusion Thermal Conductivity Method
Radiographic Examination

AL REQUIREMENTS:

TABLE 1 - Composition

nform to the percentages by weight shown in Table 1; oxygen shall bg determined in
nce with ASTM E 1409, hydregen in accordance with ASTM E 1447, and other

s in accordance with ASTME 120, by spectrochemical methods, or bly other analytical
5 acceptable to purchaser’ (See 8.2.1 and 8.2.2).

Element min max
Alumintm 5.50 6.75
Vahadium 3.50 4.50
Iron -- 0.30
Oxygen -- 0.20
Carbon -- 0.10
Nitrogen -- 0.05 (500 ppm)

Hydrogen (3.1.2) --
Yttrium (3.1.1) --
Other Elements, each (3.1.1) --
Other Elements, total (3.1.1) --

Titanium

remainder

0.015 (150 ppm)
0.005 ( 50 ppm)

0.10
0.40

3.1.1  Determination not required for routine acceptance.

3.1.2 For hydrogen analysis conducted in accordance with ASTM E 1447, sample size may be as
large as 0.35 gram.
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3.1.3 Check Analysis: Composition variations shall meet the applicable requirements of AMS 2249.

3.2 Melting Practice:

3.2.1

3.2.11

3.2.1.2

3.2.1.3

3.2.2 Master Heat Preparation: A master heat shall be prepared from any combin
and revert materials which are melted and refined<as necessary in a single
Singlg or multipile melting shall be accomplishedusing consumable electro
noncdgnsumable electrode, electron beam cold-hearth, or plasma cold heart

3.2.21

3.2.2.2

3.2.2.3

3.2.24

Castings and specimens shall be poured at casting vendor’s facility either from a melt (See
8.2.3) of a master heat, or directly from a master heat (See 3.2.3).

Remelt for Casting: The metal for castings and specimens shall be remelted and poured
under inert gas pressure in accordance with 3.2.2.1, or under vacuum without loss of

vacuydm-between-melting-and-pouring
HHR-BetWeehR-heiiRgahRapodtig-

If au

3.2.

purghaser.

Remelt for casting shall be performed using consumable electrode-practiq
authorized by purchaser.

B may be remelted together and poured into castings using a procedu

thorized by purchaser (See 8.2.4), portions of two or more qualified njaster heats of

re acceptable to

e or other method

ation of elemental
furnace charge.
e,

h practice(s).

The|atmosphere for melting shall be vacuum or shall be argon and/or helium at an absolute

pregsure not higher than 1000 millitneters of mercury.

Revert (gates, sprues, risers; and rejected castings) may be used in the p
master heats.

Soligification of the master heat into pigs or ingots before remelting and p

isp

The|master hieat source shall establish effective control procedures, inclu
for the critical variables that will consistently produce material suitable for

cas
acc

ermitted.

reparation of

buring of castings

ding parameters
remelting of
s shall be

ings.méeting the requirements of this specification. Control procedure
ptable to purchaser and casting vendor.

3.2.3 Master Heat Qualification: Each master heat shall be qualified by evaluation of chemical and
tensile specimens.

3.2.3.1

3.2.3.2

Specimens shall be either separately-cast, integrally-cast (See 8.2.5), or machined-from-

cas

ting, and shall conform to 3.2.1.

If specimens are separately-cast, vendor shall have a written procedure acceptable to
purchaser. Control factors of 4.4.2.2 shall apply.
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3.2.3.3

Specimens used for master heat tensile qualification tests shall be hot isostatically pressed,
and annealed (See 3.3.2), as specified in the written procedure of 3.2.3.2.

3.2.3.4 Specimens used for master heat tensile qualification test may be hot isostatically pressed
and annealed separately from castings.
3.2.3.5 The acceptance tests of 4.2.1 may be used to satisfy the qualification requirements of 3.2.3.
3.3 Condition:
3.3.1 Castings shall be hot isostatically pressed.
3.3.2 A sepprate annealing operation may be performed, but it is not required.
3.3.3 The vendor shall record the type of thermal processing performed as a confrol factor of
44.22.
3.4 Test Specimens:
3.4.1  Chemical Analysis Specimens: Shall be of any convenient size and shape.
3.4.2 Tensile Specimens: Shall be of standard prgpertions in accordance with A§TM E 8 or ASTM
E 8M [See 8.3) with 0.250-inch (6.35-mm)diameter at the reduced parallel gage section.
3.4.2.1 Sepprately-cast and integrally-cast.specimens may be either cast to size gnd/or cast
oversize and subsequently machined to 0.250-inch (6.35-mm) diameter.
3.4.2.1.1 After machining or chemical cleaning, tensile specimens shall be free off oxygen-rich layer,
such as alpha case, or-0ther surface contamination.
3.4.2.2 When integrally-cast-Specimens and specimens machined-from-castings are specified
(Seg¢ 8.2.6), specimen size and location shall be agreed upon by purchaser and vendor
(Se¢ 8.2.7 and)8.5).

3.5 Therma[ Processing:

Castings and representative tensile specimens shall be hot isostatically pressed in accordance

with 3.5

3.5.1

.1. When performed, annealing shall be in accordance with 3.5.2.

Hot Isostatic Press: Process in inert atmosphere at not less than 14.5 ksi (100 MPa) within the

range 1650 to 1750 °F (899 to 954 °C), hold at the selected temperature within
+25 °F (+ 14 °C) degrees for 2 to 4 hours, and cool under inert atmosphere in the autoclave to

below

800 °F (427 °C).
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3.5.2 Anneal: Process in vacuum or inert atmosphere (See 4.3.1.1) at a temperature within the
range 1300 to 1550 °F (704 to 843 °C) hold at the selected temperature within £25 °F (+ 14
°C) for 2 to 4 hours, and cool in the furnace to below 1000 °F (538 °C). The provisions of
AMS-H-81200 shall apply.

3.6 Properties:

Castings and separately-cast tensile specimens shall conform to the following requirements;
conformance to the requirements of 3.6.1.1 shall be used for acceptance of castings unless

purcha er epnmﬁnc that rnqlurnmnnfe of361°2 apply

3.6.1 Room| Temperature Tensile Properties: Shall be as specified in 3.6.1,10r'3|6.1.2 in
accor@lance with ASTM E 8 or ASTM E 8M (See 8.3) with the rate of,strain maintained at
0.003|to 0.007 inch/inch per minute (0.003 to 0.007 mm/mm per miAute) through the yield
strendth and then increased so as to produce failure in approximately one gdditional minute.

3.6.1.1 Sepprately-Cast Specimens: Shall be as shown in Table 2.

TABLE 2 - Minimum Room Temperature Tensile Properties of Separately-Cagt Specimens

Property Value
Tensile Strength 130 ksi (896 MPa)
Yield Strength at 0.2% Offset 120 ksi (827 MPa)
Elongation in 4D 6%

3.6.1.2 Integrally-Cast Specimens and Specimens Machined-From-Casting: Shal| be as shown in
Table 3 for designated areas and Table 4 for nondesignated areas.

3.6.1.2.1 Dgsignated Areas: Shall‘be as shown in Table 3.
TABLE 3 >-Minimum Room Temperature Tensile Properties

Integrally-€ast Specimens and Specimens Machined-From-Casting
Designated Areas

Property Value

Tensile Strength 130 ksi (896 MPa)

Yield Strength at 0.2% Offset 120 ksi (827 MPa)
anaaticonin-40D K90/

£l $ 4
STomgatorTT— D 70

3.6.1.2.2 Nondesignated Areas: Shall be as shown in Table 4.

TABLE 4 - Minimum Room Temperature Tensile Properties
Integrally-Cast Specimens and Specimens Machined-From-Casting
Nondesignated Areas

Property Value
Tensile Strength 125 ksi (862 MPa)
Yield Strength at 0.2% Offset 108 ksi (745 MPa)
Elongation in 4D 4.5%
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3.6.2 Surface Contamination: Castings shall be free of any oxygen-rich layer such as alpha case,
compounds such as residue from halogenated solvents and quenchants, or other surface
contamination.

3.6.2.1 Cleaning shall be performed in accordance with ASTM B 600 or other method(s) acceptable
to purchaser.

3.6.2.2 Atfter cleaning and prior to any subsequent processing involving temperature over 500 °F

(260 °C), castings shall be handled in a manner to preclude surface contamination.
Ha Iing with clean, dry, white cotton gln\/nq is recommended

3.7 Quality:

3.7.1 Castings, as received by purchaser, shall be uniform in quality and®ondition, sound, and free
from fpreign materials and from imperfections detrimental to usage of the castings. Castings
shall e free of cracks, laps, hot tears, and cold shuts.

3.7.2 Castings shall be produced under radiographic controk,This control shall cgnsist of
radiodraphic examination of each casting part number‘until foundry manufagturing controls in
accorglance with 4.4.2 have been established. Additional radiography shall be conducted in
accor@lance with the frequency of inspection spégified by purchaser, or as necessary to
ensure continued maintenance of internal quality.

3.7.2.1 Radiographic inspection shall be conducted in accordance with ASTM E 1742 or other
method specified by purchaser.

3.7.3 When|specified, castings shall-besubjected to fluorescent penetrant inspedtion in accordance
with ASTM E 1417 or other method specified by purchaser.

3.7.4 Accegtance standards.for radiographic, fluorescent penetrant, visual, surfage contamination,
and ofher inspections‘shall be as agreed upon by purchaser and vendor.

3.7.4.1 AMS$-STD-2175 may be used to specify frequency of inspection (casting ¢lass).

3.7.4.2 ASTM E., 1320, ASTM E 155, and ASTM E 192 may be used to specify ragiographic
standards (casting grade).

3.7.5 Castings shall not be peened, plugged, impregnated, or welded unless authorized by
purchaser.

3.7.5.1  When authorized by purchaser, welding in accordance with AMS 2694 or other welding
program acceptable to purchaser may be used.

3.7.5.2 Unless otherwise specified by purchaser, castings shall be hot isostatically pressed, or
annealed, and/or hot isostatically pressed and annealed after welding.

3.7.5.2.1 Castings which are hot isostatically pressed before welding need not be hot isostatically
pressed after welding.
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4. QUALITY

4.1

ASSURANCE PROVISIONS:

Responsibility for inspection:

The vendor of castings shall supply all samples for vendor’s tests and shall be responsible for
the performance of all required tests. Purchaser reserves the right to sample and to perform any
confirmatory testing deemed necessary to ensure that the castings conform to specified
requirements.

4.2 Classification-ofTests:

4.2.1 Accef

and th

as specified in 4.3.

4.2.2 Periog

freque
4.2.3 Prepr
perfor|
when

4.3 Samplin

The min
4.3.1 Onec
from ¢
4311 Exc
che

trea
isos

tance Tests: Composition (3.1), tensile properties (3.6.1), surface;cor
e applicable requirements of quality (3.7) are acceptance tests.and s

ic Tests: Radiographic soundness (3.7.2) is a periodic-test and shall
ncy selected by the vendor unless a frequency of testing is specified

bduction Tests: All technical requirements arepreproduction tests and
med on sample castings (4.3.2), when a change in control factors ocg
purchaser deems confirmatory testing to.be required.

g and Testing:
imum testing performed by vendor shall be in accordance with the fol

hemical analysis specimenin accordance with 3.4.1 from each maste
ach master heat shall be tested for conformance with Table 1.

bpt as specified,in4.3.1.2, hydrogen determination shall be on each Iq
mical cleaning.(See 8.2.9) is performed after thermal processing, if fin
ment is performed under inert atmosphere, or if castings are delivere
tatically pressed condition without subsequent vacuum anneal heat tr

431.2 Hyd

perfprmed in vacuum, and if no further chemical cleaning is performed aft

ogendetermination is permitted on each master heat if final anneal h

tamination (3.6.2),
hall be performed

be performed at a
by purchaser.

shall be
urs (4.4.2.2), and

Jowing:

r heat or a casting

t (See 8.2.8) if
al anneal heat
d in the hot
patment.

eat treatment is

er vacuum anneal

heat treatment.

4.3.2 One preproduction casting in accordance with 4.4 shall be tested to requirements of the

castin

4.3.21

g drawing and to all technical requirements.

Dimensional inspection sample quantity shall be as specified by purchaser.

4.3.3 Tensile property tests shall be conducted to determine conformance with 3.6.1. Sampling and
test frequency is dependent upon the type and origin of the specimen specified by purchaser
(See 3.4.2 and 3.6) or selected by vendor (See 4.3.3.4).
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4.3.3.1

each master heat shall be tested for conformance to 3.6.1.1 and Table 2.

4.3.3.2

For separately-cast specimens in the representative condition of 3.5, one specimen from

For integrally-cast specimens in the representative condition of 3.5, two specimens

specimens from each lot (See 8.2.8) shall be randomly selected and tested for conformance
with 3.6.1.2.1 and Table 3 for designated areas and/or 3.6.1.2.2 and Table 4 for
nondesignated areas.

4.3.3.3 For specimens machined from a casting, one casting in the representative condition of 3.5
shall-be rnnr’lnmly selected from-each lot (an 82 R) and-tested-ateachlocation shown on
the engineering drawing for conformance with 3.6.1.2.1 and Table 3 fordésignated areas
andfor 3.6.1.2.2 and Table 4 for nondesignated areas.

4.3.3.3.1 If gesignated areas are evaluated, the nondesignated areas need not b¢ tested.

4.3.3.4 When acceptable to purchaser, specimens machined-from-gasting may be used in lieu of
both separately-cast and integrally-cast specimens, andrintegrally-cast specimens may be
usedl in lieu of separately-cast specimens. In each case, the resultant properties must
conform to the requirements of 3.6.1.2 for that origin*and type of specimen.

4.3.3.4.1 When specimens are selected for test as in4:3.3.4 from an origin other than that specified

byl purchaser, vendor shall include in the feport of 4.5 a description of the source of the
specimen that was tested.

4.3.3.5 Whegn casting size, section thickness, gating method, or other factors do not permit
conformance with 4.3.3.2 or 4.3:3:3, sampling and testing shall be agreed upon by
purghaser and vendor.

4.3.4 Castings shall be inspected in accordance with 3.7 to the methods, frequengy, and

accepftance standards-specified by purchaser.

4.3.5 Freedpm from surface contamination shall be evaluated on a casting or repfesentative
specimen fromeach lot after completion of all thermal treatments, or by evgluation of castings
or representative specimens taken individually from each hot isostatic presg, and anneal if
applicable, process batch.

4.3.5.1 Techniques used for mefallographic examination shall be acceptable o purchaser.

4.4 Approval:

441

Sample casting(s) from new or reworked master patterns produced under the casting

procedure of 4.4.2 shall be approved by purchaser before castings for production use are

suppli

ed, unless such approval be waived by purchaser.
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4.4.2 For each casting part number, vendor shall establish parameters for process control factors
that will consistently produce castings and test specimens meeting the requirements of the
casting drawing and this specification. These parameters shall constitute the approved casting
procedure and shall be used for production of subsequent castings and test specimens. If
necessary to make any change to these parameters, vendor shall submit a statement of the
proposed change for purchaser reapproval. When requested, vendor shall also submit test
specimens, sample castings, or both to purchaser for reapproval.

4421

4422

44221

44221

Production castings produced prior to receipt of purchaser’s approval shall be at vendor’'s
risk

Control factors for producing castings and separately-cast specimens-include, but are not
limited to, the following factors. Supplier’s procedures shall identify.telerances, ranges,
andfor control limits, as applicable. Control factors for separately=cast spgcimens must
generally represent, but need not be identical to, those factors,used for castings (See 3.2.3
and|3.4.1).

Composition of ceramic cores, if used
Arrgngement and number of patterns in the mold.{including integrally-cas{ specimens, if
hpplicable)

Sizg, shape, and location of gates and risers

Mold refractory formulation, including prime and backup materials

Grain refinement methods, if applicable

Mold back-up material (weight, thickness, or number of dips)

Type of furnace, atmosphere control, and charging and melting practices
Mold preheat and metal pouring-temperatures

Soligification and cooling proeedures

Cleaning operations (mechanical and chemical/electrochemical)

Hot |isostatic processing (HIP) cycles

AnTaIing heat treatment cycle(s), if applicable

Straightening procedures, if applicable

Fingl inspection.methods

Location of-specimens machined-from-casting, if applicable

Maj;ter heat metal source

Anycofithe control factors for which parameters are considered proprietgry by the vendor

may be assigneda code designation. Eactrvariatiomimsuchparameters shall be assigned

a modified code designation.

.1 Unless otherwise agreed upon by purchaser and vendor, purchaser shall be entitled to

review proprietary control factor details and coding at vendor’s facility.

4.5 Reports:

The vendor of castings shall furnish with each shipment a certification document declaring that
castings have been processed, tested, and inspected as specified and that the results of the
inspections and tests conform to requirements.
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4.5.1 Unless otherwise specified, vendor shall furnish test report(s) showing the results of tests and
inspections conducted in accordance with 4.2 and 4.3.

4.5.1.1 Chemical analysis determinations, property test data, and the results of any retests
conducted shall be expressed numerically to reflect actual quantitative test values.

4.5.1.2 Inspection and preproduction results shall be reported at the frequency specified by, and in
a format acceptable to purchaser.

4.5.1.3 Noneceonrformances-shal-be-documented-and-approved-by-purchaserin-agcordance with

app
purghaser’s material review requirements.

4.5.2 The certification document and test report(s) shall include or be traceable tg the purchase
order humber, master heat identification, HIP/lot number, heat treat/lot numper, AMS 4985C,
part number, quantity, and when required (See 5.1.2) the list ofjindividual se¢rial numbers or
serial humber range.

4521 1f4.8.3.4.1 applies, the mechanical property test report/shall denote the spurce of the
spetimens that were tested.

4.5.3 Test reports for acceptance testing of 4.2 shall.be as follows:

4.5.3.1 Forpach master heat:

Composition (See 4.3.1)
Hydrogen determination, when altowed (See 4.3.1.2)
Room temperature tensile properties (See 4.3.3.1)

45.3.2 Forpeach lot:

Hydrogen determination, when required (See 4.3.1.1)
Integrally-cast ormachined-from-casting room temperature properties, when specified
See 3.6(4,3.3.2 and 4.3.3.3)
Insgectionresults (See 4.3.4)
Surface-contamination (See 4.3.5)

4.5.4 The vendor shall retain records of processing and inspection in accordance with purchaser
requirements.

4.6 Resampling and Retesting:

If results of a valid test fail to meet specified requirements, two additional specimens in
accordance with 4.3 from the same master heat, modified melt (See 3.2.3), or lot, as applicable,
shall be tested for each nonconforming characteristic. Results of each additional test, and the
average of the results of all tests (original and retests) shall meet specified requirements;
otherwise, the master heat or lot shall be rejected. Results of all tests shall be reported.

-10 -
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