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2.2 ASTM Publications:

Available from ASTM, 1916 Race Street, Philadelphia,

PA 19103-1187.

ASTM E 8 Tension Testing of Metallic Materials

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

ASTM E 120 Chemical Analysis of Titanium and Titanium Alloys

ASTM E 292 Conducting Time-for-Rupture Notch Tension Tests of Materials
ASTM E 1409 Determination of Oxygen in Titanium and

Inert Gas Fusion Technique

Titanium Alloys by the

ASTM E 1447 Determination of Hydrogen in Titanium and Titanium Alloys by the

2.3 U.S. Govprnment Publications:

Inert Gas Fusion Thermal Conductivity Method

Availablp from DODSSP, Subscription Services Desk, Building 4D, Y00 Robbins

Avenue, Philadelphia, PA 19111-5094.
MIL-STD-[163 Steel Mill Products, Preparation for Shi
3. TECHNICAL|REQUIREMENTS:

3.1 Compositfon:
(R)

pment and Storage

Shall copform to the percentages by w€ight shown in Table 1, detérmined by

analytical methods in accordance with ASTM E 120, ASTM E 1409, o

ASTM E 1447, by spectrochemical methods, or by other
acceptable to purchaser.

TABLE 1 - Composition

analytical methods

Element Min Max
ATuminum 5.50 6.75
Vangdium 3.50 4.50
Iro - - 0.30
Oxygen -- 0.20
Carfon - - 0.10
Nitqdgen -- 0.05 (500 ppm)
Hydrogen -- 0.0125 (125 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 Determination not required for routine acceptance.

3.1.2 Check Analysis: Composition variations shall meet
AMS 2249.

the requirements of
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3.2 Melting Practice:
(R)
Alloy shall be multiple melted. Melting cycle(s) prior to the final melting
cycle shall be made using consumable electrode, nonconsumable electrode,
electron beam, or plasma arc melting practice(s). The final melting cycle
shall be made under vacuum using consumable electrode practice with no alloy
additions permitted.
3.2.1 The atmosphere for nonconsumable electrode melting shall be vacuum or shall
(R) be argon and/or helium at an absolute pressure not higher than 1000 mm of
mercury
3.2.2 The elgctrode tip for nonconsumable electrode melting shal®-be|water-cooled
copper
3.3 Condition:
The prodfict shall be supplied in the following condition:
3.3.1 Bars, Jubes, and Shapes: Extruded, solution.h€at treated, aged]| and
descalgd.
3.3.2 Flash Welded Rings: Fabricated in accof'dance with AMS 7498, solution heat
treateql, and aged.
3.3.3 Stock for Flash Welded Rings: As~ordered by the flash welded ring
manufagturer.
3.4 Heat Tregtment:
(R)
Bars, tulbes, shapes, and~flash welded rings shall be solution trgated by
heating 1n a suitable/atmosphere to a temperature within the range 1700 to
1750 °F (927 to 954%\€), holding at the selected temperature within *25 °F
(£14 °C)|for a tigercommensurate with section thickness, and quenching in
water and aged.by heating to a temperature within the range 950 fo 1050 °F
(510 to %66 2C), holding at the selected temperature within 15 {F (8 °C)
for a sultabh& time, and cooling as required. Extrusions shall be descaled
by wet of dry abrasive blasting, by chemical procedures, or by ofther methods
approved by purchaser. Extrusions may be straightened cold prior to aging or

3.5

at 950 to 1050 °F (510 to 566 °C) after aging.

accordance with AMS 2750.

Properties:

Extrusions and flash welded rings shall

conform to the following

requirements:

Pyrometry shall be in
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3.5.1 Tensile Properties: Shall be as specified in Table 2 for product
3.000 inches (76.20 mm) and under, in nominal diameter or distance between
parallel sides, determined in accordance with ASTM E 8 or ASTM E 8M on
specimens selected in either the Tong-transverse or the Tongitudinal
direction with the rate of strain maintained at 0.003 to 0.007
inch/inch/minute (0.003 to 0.007 mm/mm/minute) through the yield strength
and then increased so as to produce failure in approximately 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 inch/inch/minute
(0.005 mm/mm/minute) through the yield strength and a minimum cross head
speed ¢f 0.10 inch per minute (0.04 mm/s) above the yield strefgth.
TABLE 2A - Minimum Tensile Properties, Inch/Pound Undts
Yield Elongatdon
Nominal Strength in
Diameter |or Distance Tensile at 0.2% 2 knches or Reductiion
Between Pdrallel Sides Strength Offset 4D of Area
Irches ksi ksi % %
Up [to 0.500, incl 160 150 6 12
Over 0.500 fo 0.750, incl 155 145 6 12
Over 0.750 fo 1.000, incl 150 140 6 12
Over 1.000 fo 2.000, incl 140 130 6 12
Over 2.000 fo 3.000, incl 130 120 6 12
TABLE 2B - Minimum,Tensile Properties, SI Units
Nopinal
Diameter |or Distance fensile Yield Strength Elongation in|[ Reduction
Between Pdrallel Sides Strength at 0.2% Offset 50.8 mm or 4D of Area
mm MPa MPa % %
Up [to 12.70¢ anc] 1103 1034 6 12
Over 12.70 o 19.0&, incl 1069 1000 6 12
Over 19.05 fo 25,40, incl 1034 965 6 12
Over 25.40 fo ©@¥80, incl 965 896 6 12
Over 50.80 Eo02/6.20, incl 896 827 6 12
3.5.1.1 Tensile property requirements for extrusions over 3.000 inches (76.20 mm)
in nominal diameter or distance between parallel sides and for flash
welded rings over 3.000 inches (76.20 mm) in nominal radial thickness
shall be as agreed upon by purchaser and vendor.
3.5.1.2 Tensile properties shall be determined in the Tong-transverse direction
on product from which tensile specimens 2.50 inches (63.5 mm) or greater
in length can be obtained.
3.5.1.3 Tests in the Tongitudinal direction are not required on product tested in

the transverse direction.
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2 Compressive Properties:

Extrusions shall show a Tongitudinal compressive

yield strength equal to or greater than the specified yield strength in
tension.

3 Room-Temperature Notched Stress-Rupture Properties: Notched cylindrical
specimens as in 4.3.2.1 machined to the dimensions shown in ASTM E 292,
maintained at room temperature while an initial axial stress of 185 ksi
(1276 MPa) is applied continuously, shall not rupture in Tess than 5 hours.
The initial Toad may be Tower than required to produce a stress of 185 ksi

(1276 MPa) and increased to 185 ksi
diameter at root of notch,

(1276 MPa),
in increments of 10 ksi (69 MPa) at

not le
ASTM E

such ag

Quality:

The prod*ct, as received by purchaser, shall belJuriiform in qualif

conditio
detriment

Toleranct

Extrusiops shall conform to all

MAM 2245
QUALITY A
Responsi

The vend
shall be
the righ
to ensuryg
specific

s than 5 hours. Tests shall be conducted in accordance

292.

Contamination: The product shall be free of any 0%ygen-
alpha case, or other surface contamination.

, sound, and free from foreign materdals and from imperf
al to usage of the product.

P S 2

apptitable requirements of AMS 27
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1 Acceptance Tests: Tests for the following requirements are acceptance
tests and shall be performed on each heat or 1ot as applicable:

1.1

1.2

Composition (3.1) of each heat.

of extrusions and flash welded rings.

Tensile properties (3.5.1) and surface contamination (3.5.4) of each Tot

2 Periodic Tests: Tests of extrusions and flash welded rings for compressive
properties (3.5.2) and room-temperature notched stress-rupture properties

(3.5.3) are periodic tests and shall

be performed at a frequency selected

by the vendor unless frequency of testing is specified by purchaser.
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4.3 Sampling and Testing:
(R)
Shall be in accordance with the following; a Tot shall be all product of the
same nominal size from the same heat processed at the same time:

4.3.1 Acceptance Tests:
4.3.1.1 Composition: One sample from each heat, except that for hydrogen

determinations one sample from each Tot obtained after thermal and
chemical processing is completed.

4.3.1.2 Tensjle Properties and Surface Contamination: At Teast one sgmple from
each|Tot.

4.3.1.2.1 Tepsile specimens shall be taken from the center ofGthe cross-section
of|the predominant or thickest portion of product\l'.500 inghes
(3$.1O mm) and under in nominal diameter or distanhce betwegn parallel
sidles. Tensile specimens shall be taken midway“-between center and
surface of product over 1.500 inches (38.1Q0°m) in nominal |diameter or
digtance between parallel sides.

~

.3.2 Periodjc Tests: Specimens for room-temperature notched stress-fupture
) tests,|when specified, shall be taken i~ the Tongitudinal direg¢tion from
bars, tubes, and shapes when size andiconfiguration permit and|[in the
circumferential direction from flasty welded rings.

4.4 Reports:

4.4.1 The vendor of the product (shall furnish with each shipment a r¢port showing
the regults of tests for ‘chemical composition of each heat and|for the
hydroggén content and tensile properties of each lot, and stating that the
product conforms tosthe other technical requirements. This repgrt shall
includ¢ the purchase order number, heat and lot number, AMS 4934C, size,
specif|{c heat tseatment used, and quantity.

Resamplimng apdiRetesting:

—~ N
< ol

[T any specimen used in the above tests fails to meet the specified
requirements, disposition of the product may be based on the results of
testing three additional specimens for each original nonconforming specimen.
Failure of any retest specimen to meet the specified requirements shall be
cause for rejection of the product represented. Results of all tests shall
be reported.

5. PREPARATION FOR DELIVERY:
5.1 Identification:
Shall be as follows:

5.1.1 Bars, Tubes, and Shapes: Shall be in accordance with AMS 2809.
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