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Titanium Alloy, Blended Powder Compacts, Sintered

6Al - 4V
(Composition similar to UNS R56400)

1. SCOPE:
1.1 Form:

This spécification covers a titanium alloy in the form of compacts preduced by pressing and
sintering a blend of elemental titanium powder and aluminum-vanadium alloy|powder.

1.2 Application:

These gompacts have been used typically for light weight nuts ("B-nuts") used for connecting
fluid lings to fittings and to equipment, and for othef<small high-quantity miscgllaneous
hardwafe, but usage is not limited to such applicdtions.

2. APPLICABLE DOCUMENTS:
The issud of the following documents in«éffect 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 cangelled and no superseding document has been specified, the last published issue of that
document shall apply.

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

AMS 2249 Chemical Check Analysis Limits, Titanium and Titan{um Alloys
AMS 2644 Inspection Material, Penetrant

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 © 2004 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:

2.3

3.

3.1

Available from ASTM, 100 Barr Harbor Drive, P.O. Box C700, West Conshohocken, PA 19428-
2959 or www.astm.org.

ASTM B 311 Density of Cemented Carbides

ASTME 8 Tension Testing of Metallic Materials

ASTM E 8M Tension Testing of Metallic Materials (Metric)

ASTM E_120 Chemical Analyqic of Titanium and Titanium Allnyc

ASTM B 365 Chemical Analysis of Ferrovanadium and Vanadium Alloying Additives

ASTM g 1409 Determination of Oxygen in Titanium and TitaniunDAlloys by the Insert
Gas Fusion Technique.

ASTM & 1417 Liquid Penetrant Examination

ASTM H 1447 Determination of Hydrogen in Titanium angd.Titanium Alloys by the Insert
Gas Fusion Thermal Conductivety Methaod.

ASTM B 1742 Radiographic Examination

ANSI Publications:

Available from ANSI, 25 West 43rd Street, New York, NY 10036 or www.ansijorg.

ANSI B46.1 Surface Texture

TECHNICAL REQUIREMENTS:
Compogition:
Shall bg that resulting from:blending elemental titanium powder as in 3.1.2 and

aluminym-vanadium alloy._ powder as in 3.1.3 and shall conform to the percentages by weight

shown i

h Table 1, after'pressing and sintering hydrogen shall be determined

n accordance with

ASTM g 1447, oxygden shall be determined in accordance with ASTM E 1409} and other

elemen
method

5 acceptable to purchaser.

s in accordance with ASTM E 120, by spectrochemical methods, or bly other analytical
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TABLE 1 - Composition

Element min max
Aluminum (3.1.1) 5.50 6.75
Vanadium (3.1.1) 3.50 4.50
Iron -- 0.30
Oxygen -- 0.30
Sodium -- 0.15
Chlorine -- 0.15
carbon -- 0.10
Silicon -- 0.05
Nitrogen -- 0.05 (500 ppn)
Hydrogen (3.1.1.1) -- 0.01 (100 ppm)
Other Elements, each - 0.10
Other Elements, total -- 0.40
Titanium remainder

3.1.1  The dffference in aluminum concentration and vanadium’concentration amagng three different

locatigns in a lot of blended powder shall be not greater than 0.4%.
3.1.1.1  When using ASTM E 1447, sample size may be as large as 0.35 grams.
3.1.1.2 Check Analysis: Compositional variatiofs shall meet the applicable requirements of
AMSY 2249.
3.1.2 Titanilm Powder: Shall conform.tothe percentages by weight shown in Tahle 2, determined
asin 3.1.

TABLE 2 - Titanium Powder Composition

Element min max

[ron - 0.20

Oxygenh -- 0.20

Sodidm -- 0.20

Chlorine -- 0.20

Carbon -- 0.06

Silican - 0.05

Nitrogen -- 0.03 (300 ppm)
Hydrogen (3.1.1.1) - 0.015 (150 ppm)
Other Elements, each -- 0.10

Other Elements, total - 0.40

Titanium remainder

3.1.3 Alloying Powder Composition: Shall conform to the percentages by weight shown in Table 3,
determined by wet chemical methods in accordance with ASTM E 365, by spectrochemical
methods, or by other analytical methods acceptable to purchaser.



https://saenorm.com/api/?name=1accc19085e94209c71d313032578c7b

AMS 4993C SAE AMS 4993C
TABLE 3 - Alloy Powder Composition
Element min max
Aluminum 56 64
Vanadium 38 42
Other Elements, total - 3.0
3.2 Condition:
As sintgred at not lower than 2100 °F (1149 °C). After sintering, compacts shall not be exposed
to temperatures higher than 600 °F (316 °C).
3.3 Powder|Lot Control:
The titapium 6AI - 4V powder shall be blended in lots by a suitable process in a
nonconfaminating facility. A powder lot shall be all powder produced as a single mixture in one
productfon blend of titanium powder and aluminum-vanadium alloy powder.
3.3.1 lot of blended

3.3.2

3.4 Properties:

3.4.1

3.4.2

3.4.3

powd
powd

Unuseé
comp
powd

apply

Sintereq

Tensil
ASTM

Whenfver a production run of sintered compacts dees not require an entire

r, the powder used shall be identified as a,sublot. The identity of subl
r lot shall be maintained.

bd portions of qualified powder lots ot of sufficient size for a productid
cts may be added to, and blended with, titanium and aluminum-vana
rs in the production of a new powder lot. In that event, the requireme
to the final powder lot.

| compacts shall gonform to the following requirements:

e Propertiés:-Shall be as shown in Table 4, determined in accordancs
E 8M_on-specimens, of the same powder lot, sintered with the parts

ots in a basic

n run of sintered
dium alloy
nts of Table 1 shall

with ASTM E 8 or
epresented.

TABLE 4 - Minimum Tensile Properties

Property Vaiue
Tensile Strength 130 ksi (896 MPa)
Yield Strength at 0.2% Offset 120 ksi (827 MPa)
Elongation in 4D 10%
Reduction in Area 10%

Proof Test: Sintered compacts shall pass a proof or failure test conducted by a procedure
developed by the manufacturer and for which a correlation with the tensile properties of 3.4.1
has been established for each configuration and size of sintered compact.

Density: Shall be not lower than 0.157 pounds per cubic inch (4346 kg/m®), determined in
accordance with ASTM B 311 or other method agreed upon by purchaser and vendor.
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3.4.4 Microstructure: Shall be homogeneous and free from inclusions, alloy segregation,
laminations, and alpha case. Compacts shall also be free from interconnecting voids, porosity
in excess of 0.010 inch (0.25 mm) in maximum dimension, and linear porosity in excess of

0.006

3.4.41

inch (0.15 mm) in maximum dimension.

Microstructure and porosity shall be determined by metallographic examination at 100 to

500X magnification except 400 to 500X magnification shall be used for alpha case, after
suitably polishing, or polishing and etching, as appropriate. Adjacent pores shall be treated

as a

single pore if they are closer to each other than the largest pore maxi

um dimension.

Porg
3.5 Quality:

Sintereq

and free

oxidatio
3.5.1 Sinter
deterr
AMS |
3.5.2 Sinter
deterr
3.5.3 Surfaq
in acc

4. QUALITY]
4.1 Respon
The ver

respong
and to f

sity whose length is more than three times its width shall be consider;

| compacts, as received by purchaser, shall be uniform in;quality and
of defects such as cracks, seams, grooves, laminations, pits, inclusi
n and from other imperfections detrimental to their Usage.

ed compacts shall be free from cracks, porosity,‘and other surface im
nined by fluorescent penetrant inspection inaccordance with ASTM E
P644 Type 1 Level 3 penetrant.

ed compacts shall be free from low--and high-density inclusions and i
nined by radiographic inspection in‘accordance with ASTM E 1742.

e texture of sintered compagts shall not exceed 125 microinches (3.2
prdance with ANSI B46.1:

ASSURANCE PRQWVISIONS:
sibility for Inspeetion:
dor of sintered compacts shall supply all samples for vendor's tests a

ible for-the performance of all required tests. Purchaser reserves the
erfermrany confirmatory testing deemed necessary to ensure that the

compagd

ts.conform to specified requirements.

ed linear porosity.

condition, clean,
bns, and surface

berfections,
1417 using

hhomogeneity,

pm), determined

nd shall be
right to sample
sintered

4.2 Classification of Tests:

4.2.1

as specified in 4.2.1.1 and 4.2.1.2:

4211

42111

Composition (3.1).

Acceptance Tests: The following requirements are acceptance tests and shall be performed

Powder Lot: On each powder lot prior to use for production of sintered compacts:

4.2.1.1.2 Blend uniformity check analysis on aluminum and vanadium contents (3.1.1).
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4.2.1.1.3 Tensile properties (3.4.1).

42114 Density (3.4.3).

4.2.1.1.5 Microstructure (3.4.4).

421.2 Lot:

42121 Composition(3.1)

On each lot of sintered compacts from each sinter run:

4.21.22 Te

4.2.1.23 Pr

42124 M
4.2.2 Prepr
perfor]
chang
organ
4.3 Samplin
Shall be
same b
one po
one sin
431 ForA
4311 Pow

nsile properties (3.4.1).
pof test (3.4.2), density (3.4.3), and quality (3.5).
crostructure (3.4.4).
med prior to or on the first-article shipment of-sintered compacts to a
e in ingredients and/or processing requires‘approval by the cognizant
zation (see 4.4.2), and when purchaser, deems confirmatory testing tq
g and Testing:

in accordance with 4.3.1 and-4.3.2. A powder lot shall be all powder
der lot in one productionrun using the same equipment and process
er furnace load and.presented for vendor's inspection at one time.
cceptance Tests:

der Lot;

4.3.1.11 Or||e pressed and sintered test specimen for composition.

pduction Tests: All technical requirements are preproduction tests and shall be

purchaser, when a
engineering
be required.

blended from the

htches of titanium and aluminum-vanadium powders in a single blending operation; a lot
of sinte\rd compacts shall be all-sintered compacts of the same configuration

produced from
ng procedures in

4.3.1.1.2 Three pressed and sintered specimens taken from three different locations in the blend for
aluminum and vanadium uniformity checks.

4.3.1.1.3 Twelve pressed and sintered test specimens for tensile properties and density.

4.3.1.1.4 Two pressed and sintered test specimens for microstructure.

4.3.1.2 PartLot:

4.3.1.2.1 One sintered compact for composition.

4.3.1.2.2 One pressed and sintered test specimen for tensile properties.
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43.1.2.3

431.24
432 ForP

4.4 Approval:

4.4.1

de

nsity, and quality.

TABLE 5 - Sampling for Proof Test, Density, and Quality

The p
inspe(
includ
specif
the pri
code
codes

Proof Test
Number of (3.4.2)
Inspection Units  and Density Quality
in the Lot (3.4.3) (3.5)
Up to 99 Z q
100 to 299 3 6
300 to 599 4 8
600 to 999 5 10
1,000 to 1,499 6 12
1,500 to 1,999 7 14
2,000 to 2,999 8 16
3,000 to 3,999 9 18
4,000 to 5,999 10 20
6,000 to 10,000 12 24
Over 10,000 15 30

eproduction Tests: As agreed upon by purchaser and vendor.

roducer of compactsishall establish a written process description of m

One sintered compact for microstructure.

Sintered compacts as specified in Table 5, selected at random from the lot, for proof tests,

anufacture and

tion for each produet'number prior to and during preproduction. The description shall

e control factors”and parameters that provide products meeting the r

uirements of this

cation. Control.factors considered proprietary by vendor may be assigned codes within
bcess description. Each variation in such control factors shall be assigned a modified
lesignation. The vendor shall maintain a complete record of all propri¢tary factors and

. These.control factors shall include, but are not limited to, the following:

Powd

pr source(s)

Blending method

Powder storage, identification, and handling procedures

Compaction sequence and parameters, including atmosphere, time, temperature, and
pressure

Type of sintering furnace
Furnace calibration and leak-up rate

Size of furnace charge
Sintering sequence and parameters, including atmosphere, time, and temperature
Material on which the pressed compacts rest during sintering

Cleaning procedures and parameters
Inspection procedures, parameters, and standards
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4.4.2 Prior to the initial shipment of compacts of a particular design, the supplier shall submit results
of preproduction tests and, when requested, a copy of the process description for approval.

443

4.5 Reportd:

4.5.1

4.6

5. PREPARATION FOR DELIVERY:

5.1

5.2

5.2.1

Proof or failure test procedure (see 3.4.2), correlation with tensile properties,
limits shall be approved by the cognizant engineering organization.

and acceptance

The supplier shall not change the process description and shall make no significant change to
materials, processes, or controls referenced in the process description, unless the change is

approved by the cognizant engineering organization. A significant change is

one which, in the

judgment of the cognizant engineering organization, could affect the properties or

performance of the compacts.

The vendor of sintered blanks shall furnish with each shipmentareport showing the
compgsition of the powders and tensile and density for each-powder lot, angd the composition,
density, and tensile and/or proof test results for each partlot, and stating that the sintered
blankg conform to the other technical requirements. This_report shall includ¢ the purchase
order humber, powder lot number, part lot number, AMS 4993C, size or part number, and

quantity.

Resampling and Retesting:

If any specimen used in the above tests fails to meet the specified requirements, disposition of

the sintgred compacts may be based ofthe results of testing three additional

specimens for

each or|ginal nonconforming specimén. Failure of any retest specimen to meg¢t the specified

requirements shall be cause for rejection of the sintered compacts represents
tests shill be reported.

Identifigation:

Individual sintered compacts and finished parts shall be identified as specifieq
drawing.

d. Results of all

| on the applicable

Packaging:

Sintered compacts having different part numbers shall be packed in separate containers.
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