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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 Titan

ium and Titanium Alloys

ASTM E 146 Chemical Analysis of Zirconium and Zirconium Alloys
ASTM E 399 Plane-Strain Fracture Toughness of Metallic Materials

2.3 U.S. Government Publications:
Available from Standardization Documents Order Desk, Building 4Dy [FO0 Robbins
Avenue, Philadelphia, PA 19111-5094.
MIL-STD-[L63 Steel Mill Products, Preparation for Shipmentiand Storjage
3. TECHNICAL|REQUIREMENTS:
3.1 Compositjon:
Shall copform to the percentages by weight shown in Table 1; hydrogen shall
be determined in accordance with ASTM E 146% other elements shall be
determingd by wet chemical methods in accordance with ASTM E 120, by
spectrochemical methods, or by other analytical methods acceptable| to
purchaser .
TABLE' 1 - Composition
Element min max
Aluminum 5.50 6.50
Vanadium 3.50 4.50
Iron - 0.25
Oxygen - 0.130
Carben -— 0.08
Nitrogen - 0.03 (300 ppm)
Hydrogen (3.1.1) - 0.0125 (125 ppm)
Yttrium (3.1.2) - 0.005 ( 50 ppm)
Residual Elements, each (3.1.2) -- 0.10
Residual Elements, total (3.1.2) - 0.40
Titanium remainder

3.1.1 Hydrogen content of forgings may be as high as 0.0150 (150 ppm).

3.1.2 Determination not required for routine acceptance. If yttrium content is

(R)

determined, no variation over maximum will be permitted for yttrium.
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3.1.3 Check Analysis: Composition variations shall meet the requirements of
R AMS 2249.

3.2 Melting Practice:

*R) _ i _
Alloy shall be multiple melted. The final melting cycle shall be under
vacuum. The first melt shall be made by consumable electrode, nonconsumable
electrode, electron beam, or plasma arc melting practice. The subsequent
melt or melts shall be made using consumable electrode practice with no alloy
additions permitted in the last consumable electrode melt.

3.2.1 The atmpsphere for nonconsumablie electrode me Mg Sha be vacuum or
(R) shall be argon and/or helium at an absolute pressure not higher'than
1000 mm| of mercury.

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

3.3 Condition|:
The product shall be supplied in the following cohdition:

3.3.1 Bars: Hot finished with or without subsequent cold reduction, duplex
annealed, and descaled.

3.3.2 Forgings and Flash Welded Rings: Duplex annealed and descaled.

3.3.2.1 Flashl welded rings shall not_ be-supplied unless specified or pgrmitted on
purchiaser®s part drawing. When supplied, rings shall be manufagtured in
accorjdance with AMS 7498

3.3.3 Stock fior Forging or Flash Welded Rings: As ordered by the forgirng or
flash welded ring manufacturer.

3.4 Heat Treagtment:

®R)
Bars, forjgingss—and flash welded rings shall be duplex annealed as [follows;
pyrometry] shalld be in accordance with AMS 2750:

3.4.1 SolutiorArneal—Heat—to—a—temperature—within—the—range—50—to—16d F

(28 to 56 C) degrees below the beta transus, hold at the selected
temperature within +25 °F (14 °C) for not less than one hour, and cool in
air.

3.4.1.1 Beta transus temperature shall be measured with an accuracy of 10 °F
(6 °C) (See 8.3).

3.4.2 Anneal: Reheat to a temperature within the range 1300 to 1400 °F
(704 to 760 °C), hold at the selected temperature within 25 °F (14 °C)
for not less than one hour, and cool in air.
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3.5 Properties:

The product shall conform to the following requirements:

3.5.1 Bars, Forgings, and Flash Welded Rings: Product 6.00 inches (152.4 mm) and

*R)
to the

following requirements.

under in nominal diameter or distance between parallel sides shall conform

3.5.1.1 Tensile Properties: Shall be as specified in Table 2, determined in

accordance with ASTM E 8 or ASTM E 8M
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invalidity. Any other invalidity shall require retesting as in 4.5.

processing.

3.5.1.3.3:

3.5.1.
R

3.5.1.
R

.1 Equiaxed alpha in a transformed beta matrix.

Microstructure: Shall be that structure resulting from alpha-beta
Microstructure shall conform to 3.5.1.3.1, 3.5.1.3.2, or

.2 Equiaxed alpha and elongated alpha in a transformed beta matrix.
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3.5.1.3.3 Partially broken and distorted grain boundary alpha with plate-like
alpha.

Q)

3.5.1.3.4 A microstructure showing a continuous network of alpha in prior beta
grain boundaries is not acceptable.

(R)
3.5.1

3.5.1.4.1 An

3.5.1

3.5.2
R

3.5.3

3.6

3.7

4.

.4

Surface Contamination: Except as specified by 3.5.1.4.1 and 3.5.1.4.2,

the product shall be free of any oxygen-rich layer, such as alpha case,
or other surface contamination, determined by microscopic examination at
not lower than 100X magnification or other method acceptable to
purchaser.
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Quality:
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Tolerancs

oxygen-rich layer (See 8.2) not greater than 0.001 inch ¢
depth will be permitted on bars other than rounds.

n permitted by purchaser, forgings and flash welded rings
hined all over may have an oxygen-rich layer provided such
ovable within the machining allowance on the forging or fl

g.-

Stock: When a sample of stock is forged to a test coupon,

of mechanical working not greater than-the forging, and hg
B_4, specimens taken from the heat treated coupon shall co

peat treatment as in 3.4 conform\to the requirements of 3.
P, the tests shall be acceptedras equivalent to tests of a

or Flash Welded Rings: /Specimens taken from stock heat trg
shall conform to the-¥equirements of 3.5.1.1 and 3.5.1.2.

ct, as received by purchaser, shall be uniform in quality
, sound, and‘free-from foreign materials and from imperfe
al to usage of the product.

S 2

Bars sha

I'-conform to all applicable requirements of AMS 2241 or M

QUALITY ASSURANCE PROVISIONS:

4.1 Responsibility for Inspection:

®

D025 mm)

to be
layer is
ash welded

having a
pat treated
nform to
the stock

b.1.1 and
forged

ated as

and
ctions

AWM 2241.

The vendor of the product shall supply all samples for vendor®s tests and
shall be responsible for performing all required tests. Purchaser reserves
the right to sample and to perform any confirmatory testing deemed necessary
to ensure that the product conforms to the requirements of this
specification.
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4.2 Classification of Tests:

4.2.1 Acceptance Tests: Tests for the following requirements are acceptance
tests and shall be performed on each heat or lot as applicable:

4.2.1.1

4.2.1.2

Composition (3.1) of each heat.

Hydrogen content (3.1), tensile properties (3.5.1.1), fracture toughness

(3.5.1.2), microstructure (3.5.1.3), and surface contamination (3.5.1.4)
of each lot of bars, forgings, and flash welded rings.

4.2.1.3

4.2.2 Period
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period
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inal size from the same heat, processed at the same time,
as a heat treat batch:
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psition: One sample from each heat, except that for hydrog
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(38.1 mm) shall be the minimum thickness. Orientation and number of
fracture toughness specimens shall be as agreed upon by purchaser and
vendor. If forging dimension is inadequate, or when specified by
purchaser, a prolongation representative of the forging shall be

prov

4.3.2 For Per

ided.

iodic Tests: As agreed upon by purchaser and vendor.
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4.4 Reports:

4.4.1 The vendor of bars, forgings, and flash welded rings shall furnish with

each shipment a report showing the results of tests for chemical
composition of each heat and for the hydrogen content, tensile properties,
and fracture toughness of each lot, and stating that the product conforms
to the other technical requirements. This report shall include the

purchase order number, heat and lot number, AMS 4931A, size, specific heat
treatment used, and quantity. I forgings are supplied, the part number

and the size and melt source of stock used to make the forgings shall also

be

4.4.2

included.

The vepdor of stock for forging or flash welded rings shall furglish with
each ghipment a report showing the results of tests for chemical

composfition of each heat and for the hydrogen content of each lot. This
report shall include the purchase order number, heat numper, AMY 4931A,
size, pnd quantity.
4.5 Resamplipg and Retesting:
®)
With the| exception of fracture toughness, if any/specimen used in [the above
tests fajils to meet the specified requirementsy-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 tg meet the
specifiefd requirements shall be cause for“rejection of the product]
represented. In the case of fracture.toughness, a single retest is| permitted
for any jnvalidity except as noted M3.5.1.2.1. Results of all tegsts shall
be reporjted.
5. PREPARATIDN FOR DELIVERY:
5.1 Identififation:
Shall be| as follows:
5.1.1 Bars: [In accordance with AMS 2809 as applicable.
5.1.2 Forgings: dn>accordance with AMS 2808.
5.1.3 Flash Welded Rings and Stock for Forging or Flash Welded Rings: As agreed
upon by purchaser and vendor.

5.2 Packaging:

5.2.1 The product shall be prepared for shipment in accordance with commercial

Q)

practice and in compliance with applicable rules and regulations pertaining

to the handling, packaging, and transportation of the product to ensure

carrie

5.2.2

r acceptance and safe delivery.

For direct U.S. Military procurement, packaging shall be in accordance with

MIL-STD-163, Commercial Level, unless Level A is specified in the request
for procurement.
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