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2.2 ASTM Publications

Available from ASTM International, 100 Barr Harbor Drive, P.O. Box C700, West Conshohocken, PA 19428-2959,
Tel: 610-832-9585, www.astm.org.

ASTM E 8/E 8M Tension Testing of Metallic Materials

ASTM E 290

ASTM E 384

ASTM E 1409

ASTM E 1447

ASTM E 1941

ASTM E 2371

3. TECHNICAL REQUIREMENTS

3.1 Composition

Bend Testing Material for Ductility
Knoop and Vickers Hardness of Materials

Determination of Oxygen and Nitrogen in Titanium and Titanium Alloys by the Inert Gas Fusion
T hll;quc

Ddtermination of Hydrogen in Titanium and Titanium Alloys byy-the Inert Gas Fusion
Cqanductivity/Infrared Detection Method

Dgtermination of Carbon in Refractory and Reactive Metals and Their Alloys by Combustion Analysis

Analysis of Titanium and Titanium Alloys by Atomic Emission Plasma Spectronyetry

Shall conform to the percentages by weight shown in Table 1; carbon shall be determined in acgordance with ASTM E
1941, hydrogen in acqordance with ASTM E 1447, oxygen and nitrogen in accordance with AS[TM E 1409, and other
elements in accordancg with ASTM E 2371. Other analytical\nethods may be used if acceptable to|the purchaser.

TABLEL1 - COMPOSITION

Element min max

Aluminum 4.00 5.00

Vanadium 2.50 3.50
Molybdenum 1.80 2.20

Iron 1.70 2.30

Oxygen -~ 0.15

Carbon -- 0.08

Nitrogen -- 0.05 (500 ppm)
Hydrogen (3.1.1) -- 0.015 (150 ppm)
Yitrium (3.1.2) - 0.005 ( 50 ppm)
Other Elements, each (3.1.2) -- 0.10

Other Elements, total (3.1.2) - 040

Titanium remainder

3.1.1  Sample size when using ASTM E 1447 may be as large as 0.35 gram.

3.1.2 Determination not required for routine acceptance.

3.1.3 Check Analysis

Composition variations shall meet the applicable requirements of AMS2249.
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3.2 Melting Practice

3.2.1  Alloy shall be multiple melted. The first melt shall be made by consumable electrode, nonconsumable electrode,
electron beam cold hearth, or plasma arc cold hearth melting practice. The subsequent melt or melts shall be
made under vacuum using vacuum arc remelting (VAR) practice. Alloy additions are not permitted in the final melt
cycle.

3.21.1  The atmosphere for nonconsumable electrode melting shall be vacuum or shall be argon and/or helium at an
absolute pressure not higher than 1000 mm of mercury.

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

3.3 Condition
The product shall be s{ipplied in the following condition:
3.3.1 Sheet and Strip

Hot rolled with or without subsequent cold reduction, annealed, descaled, and leveled, having |a surface appearance
comparable to the following commercial corrosion-resistant steel finishes as applicable (See 8.2).

3.3.1.1  Sheet

Shall be No. 2D finish.
3.3.1.2 Strip

Shall be No. 1 finish.
3.3.2 Plate

Hot rolled, annealed, [descaled, and flattened, having a surface appearance comparable to a |commercial corrosion-
resistant steel No. 1 fiIish or No. 2D finish (See'8.2). Plate product shall be produced using standard industry practices
designed strictly for the production of plate stock to the procured thickness. Bar, billet, forgings, off forging stock shall not

be substituted for platel.

3.4 Annealing

The product shall be annealed.by heating to a temperature within the range 1260 to 1400 °F (682 to 760 °C), holding at
the selected temperatureswithin +25 °F (£14 °C) for a time commensurate with product thickness and the heating
equipment and procedlure‘used, and cooling at a rate which will produce product meeting theF requirements of 3.5.
Pyrometry shall be in accordance with AMSZ750.

3.5 Properties

The product shall conform to the following requirements and shall meet the requirements of 3.5.1 and 3.5.2 after being
reheated to 1325 °F + 25 (718 °C  14), held at heat for 20 minutes + 5, and cooled at a rate equivalent to an air cool or
slower.

3.5.1 Tensile Properties
Shall be as shown in Table 2, determined in accordance with ASTM E 8 / E 8M with the rate of strain set at

0.005 inch/inch/minute  (0.005 mm/mm/minute) and maintained within a tolerance of 0.002 inch/inch/minute
(0.002 mm/mm/minute) through the 0.2% offset yield strain.
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TABLE 2A - MINIMUM TENSILE PROPERTIES, INCH/POUND UNITS

Tensile Yield Strength Elongation in

Nominal Thickness Strength at 0.2% Offset 2 inches or 4D
Inch ksi ksi %
Up to 0.008, excl 134 126 --
Over 0.008 to 0.025, excl 134 126 6
Over 0.025 to 0.063, excl 134 126 8
Over 0.063 to 0.187, excl 134 126 10
Over 0.187 to 4.000, incl 130 120 10

TABLE 2B - MINIMUM TENSILE PROPERTIES, SI UNITS

Tensile Yield Strength Elongation i
Nominal Thickness Strength at 0.2% Offset  50.8 mm or-4D

Millimeters MPa MPa %

Upto 0.20, excl 924 869 a5
Over0.20to 0.64, excl 924 869 6
Over0.64to 1.60, excl 924 869 8
Over 1.60to 4.75, excl 924 869 10
Over 4.75 to 101.60, incl 896 827 10

required on product tested in the longitudinal direction.

3.5.1.1  Tensile prop
direction neg¢
and strip an
3.5.2 Bending

Product under 0.1875
(19.06 mm) in width,

conformance with the ¢

shall have a contact ra

25X magnification.

3.5.3 Microstructure

TABLE 3 - BENDING FACTOR

brty requirements apply in both the longitudinal and transverse directions bu
d be made only on product that a specimen not.less than 8 inches (203 n
j 2.5 inches (63.5 mm) in length for plate can‘bertaken. Tests in the trans

inch (4.762 mm) in nominal thickness shall have a test sample prepareq
ith its axis of bending parallel t6 the direction of rolling. The sample s
uided bend test defined in ASTM E 290 through an angle of 105 degrees. T
fdius 0.010 minimum, and the'plunger shall have a radius equal to the bend factor shown in Table 3
times the nominal thichness. Examination of the bent sample shall not show evidence of cracking w

Nominal Thickness Nominal Thickness Bend
Inch Millimeters Factor

Up to 0.070, incl Up to 1.78, incl 4.5

Qver 0.070 to 0.1875, excl Over 1.78 to 4.762, excl 5

tests in the transverse
hm) in length for sheet
verse direction are not

nominally 0.750 inch
hall be bend tested in
he test fixture supports

hen examined at 15 to

Shall be that structure resulting from alpha-beta processing. Microstructure shall conform to 3.5.3.1, 3.5.3.2, 3.5.3.3,
3.5.3.4. A microstructure showing a continuous network of alpha in prior beta grain boundaries is not acceptable.

3.5.31

3.5.3.2

3.5.3.3

3.56.34

Lamellar alpha with some equiaxed alpha in a transformed beta matrix.
Equiaxed alpha in a transformed beta matrix.
Equiaxed alpha and/or elongated alpha in a transformed beta matrix.

Partially broken and distorted grain boundary alpha with plate-like alpha.
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3.5.4 Surface Contamination

The product shall be free of any oxygen-rich layer, such as alpha case or other surface contamination, determined as in
3.5.4.1 or 3.5.4.2 or 3.5.4.3, or other method acceptable to purchaser

3.5.4.1

3.54.2

3.543

The bend test of 3.5.2.

Microscopic examination at 400X minimum.

Hardness difference; a surface hardness more than 40 points higher than the subsurface hardness, determined

in accordance with ASTM E 384 on the Knoop scale or the Vickers scale using a 200-gram load, shall be
evidence of unacceptable surface contamination.

3.6 Quality

The product, as receiy
8.3.1) of depth in exce
usage of the product.

3.6.1  Ultrasonic Insp

Plate, 0.500 to 4.00
inspection in accordan

3.7 Tolerances

Shall conform to all ap
3.7.1  Special flatnes
4. QUALITY ASSUR/

4.1 Responsibility fo

ed by purchaser, shall be uniform in quality and condition, soundjyand frg
ss of the flatness tolerances, ripples, and foreign materials and-from impe
ection

nches (12.70 to 101.60 mm), inclusive, in nominal thickness, shall be s
ce with AMS2631 and shall meet Class A1 requjrements of AMS2631.

blicable requirements of AMS2242.
s may be specified for plate; in such case, the special flatness tolerances of
ANCE PROVISIONS

" Inspection

The vendor of the product shall supply @l samples for vendor's tests and shall be responsible for

required tests. Purchal
ensure that the produc

4.2 Classification of

4.2.1 Acceptance Tg

ser reserves theright to sample and to perform any confirmatory testing
conforms t0/specified requirements.

lests

sts

e from “oil cans” (See
[fections detrimental to

ubjected to ultrasonic

AMS2242 shall apply.

the performance of all
deemed necessary to

Composition (3.1), condition (3.3), tensile properties (3.5.1), bending (3.5.2), microstructure (3.5.3), surface contamination
(3.5.4), quality (3.6), and tolerances (3.7) are acceptance tests and shall be performed on each heat or lot as applicable.

4211

4.2.2 Periodic Tests

Ultrasonic inspection of each plate when required by 3.6.1.

Tests of the product after reheating as in 3.5 for tensile properties (3.5.1) and bending (3.5.2) 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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