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2.1 SAE Publications

Available from SAE International, 400 Commonwealth Drive, Warrendale, PA 15096-0001, Tel: 877-606-7323 (inside USA
and Canada) or +1 724-776-4970 (outside USA), www.sae.org.

AMS2249 Chemical Check Analysis Limits, Titanium and Titanium Alloys

AMS2750 Pyrometry

AMS2808 Identification, Forgings

ARP982 Minimizing Stress-Corrosion Cracking in Wrought Titanium Alloy Products
AS1814 Terminology for Titanium Microstructures

AS6279 Standellrd Practice for Production, Distribution, and Procurement of Metal Stock
AS7766 Terms|Used in Aerospace Metals Specifications

2.2 ASTM Publications

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

ASTM E8/E8M Tensign Testing of Metallic Materials

ASTM E21 Elevated Temperature Tension Tests of Metallic Materials

ASTM E139 Conducting Creep, Creep-Rupture, and Stress*Rupture Tests of Metallic Materials
ASTM E539  Analydis of Titanium Alloys by Wavelength Dispersive X-Ray Fluorescence Spectrgmetry
ASTM E1409 Determination of Oxygen and Nitrogen in Titanium and Titanium Alloys by Inert Ga$ Fusion

ASTM E1447 Determination of Hydrogen in.Reactive Metals and Reactive Metal Alloys by Inert Gajs Fusion with Detection
by Thgrmal Conductivity or Infrared Spectrometry

ASTM E1941 Determination of Carbon in Refractory and Reactive Metals and Their Alloys by Combustion Analysis

ASTM E2371  Analygis of Titanium and Titanium Alloys by Direct Current Plasma and Inductively Goupled Plasma Atomic
Emissjon Spectrometry (Performance-Based Test Methodology)

ASTM E2994 Analydis -of Titanium and Titanium Alloys by Spark Atomic Emission Spectrometiy and Glow Discharge
Atomic Emission Spectrometry (Performance-Based Method)

3. TECHNICAL REQUIREMENTS
3.1 Composition

Shall conform to the percentages by weight shown in Table 1; carbon shall be determined in accordance with ASTM E1941,
hydrogen in accordance with ASTM E1447, oxygen and nitrogen in accordance with ASTM E1409, and other elements in
accordance with ASTM E539, ASTM E2371, or ASTM E2994. Other analytical methods may be used if acceptable to
the purchaser.
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Table 1 - Composition
Element Min Max

Aluminum 5.30 6.30

Tin 3.50 4.50

Zirconium 3.10 3.90

Molybdenum 2.30 3.30

Niobium (Columbium) 0.45 0.95

Silicon 0.20 0.50

Oxygen 0.05 0.15

Iron -- 0.10

Carbon 0.03 0.10

Nitrogen -- 0.10 (1000 ppm)
Hydrogen - 0020 (7()0 ppm)
Other Elements, each (3.1.1) -- 0.10

Other Elements, total (3.1.1) -- 0.30

Titanium remainder

3.1.1 Determination

3.1.2 Check Analysi$

Composition variations
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vacuum arc remelting

3.21  The atmosphe

absolute press
3.2.2 The electrode

3.3 Condition

not required for routine acceptance.

D

The product shall be siipplied in the)fellowing condition:

3.3.1  Forgings

Solution and precipitat
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3.3.2 Forging Stock
As ordered by the forgi

3.4 Heat Treatment

ng manufacturer.

Forgings shall be solution heat treated by heating to a temperature 59 to 95 °F (33 to 53 °C) below the beta transus
determined on each heat of alloy, holding at the selected temperature within £15 °F (£8 °C) for 1 hour £ 0.25 hour, and
cooling at a rate equivalent to an air cool or faster and precipitation heat treated by heating to 1175 °F +15 °F
(635 °C % 8 °C), holding at heat for 1 hour + 0.25 hour, and cooling in air. Pyrometry shall be in accordance with AMS2750.
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3.5 Properties
The product shall conform to the following requirements:
3.5.1 Forgings

Forgings 4.400 inches (111.76 mm) and under in nominal diameter or least distance between parallel sides and
63.8 square inches (411.6 cm?) and under in cross-sectional area shall conform to the following requirements:

3.5.1.1 Tensile Properties
Shall be as follows, determined on specimens having a gage diameter not less than 0.250 inch (6.35 mm).

3.5.1.1.1 At Room Temperature

Shall be as specified irf Table 2, determined in accordance with ASTM E8/E8M with the rate offstrajn set at 0.005 in/in/min
(0.005 mm/mm/min) and maintained within a tolerance of £0.002 in/in/min (x0.002 mm/mna/mnin) through the 0.2% offset
yield strain.

Table 2 - Minimum room temperature tensile propérties

Property Value
Tensile Strength 163 ksi (1124 MPa)
Yield Strength at 0.2% Offset 146 ksi\(1007 MPa)
Elongation in 4D 3%
Reduction of Area 5%

3.5.1.1.2 At 1112 °F(600 °C)

Shall be as specified in|Table 3, determined in accordance.with ASTM E21 on specimens at 1112 °F g 10 °F (600 °C + 6 °C)
using strain rates as specified in 3.5.1.1.1:

Table 3 - Minimunrelevated temperature tensile properties

Property Value
Tensile_Strength 99 ksi (683 MPa)
Yield-Strength at 0.2% Offset 78 ksi (538 MPa)
Efengation in 4D 18%

Reduction of Area 36%

3.5.1.1.3 Mechanicgl property requirements for product outside the size range covered by 1.1| shall be agreed upon
between the-purchaser and producer and reported per 4.4.4 (see 8.7).

3.5.1.2 Creep Properties at 1004 °F (540 °C)

An unnotched tensile specimen, maintained at 1004 °F + 3 °F (540 °C % 2 °C) while an axial stress of 36.3 ksi (250 MPa) is
applied continuously, shall not exceed 0.2% plastic strain in 35 hours. Gage dimensions of specimens and techniques used

to measure creep shall be as agreed upon by the purchaser and producer (see 8.7). Test shall be conducted in accordance
with ASTM E139.

3.5.1.3  Microstructure

Shall be that structure resulting from processing within the alpha-beta phase field. Microstructure shall conform to 3.5.1.3.1
or 3.5.1.3.2.

3.5.1.3.1  Equiaxed and/or elongated primary alpha in a transformed beta matrix with no continuous network of alpha at
prior beta grain boundaries.
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3.5.1.3.2

continuous network of alpha at prior beta grain boundaries.

3.5.1.4

Surface Contamination

Essentially complete field of equiaxed and/or elongated alpha with or without intergranular beta and with no

Except as specified in 3.5.1.4.1, forgings shall be free of any oxygen-rich layer (see 8.2), such as alpha case, or other
surface contamination, determined by microscopic examination at not lower than 400X magnification or other method
acceptable to the purchaser.

3.5.1.41
such layer

3.5.2 Forging Stock

is removable within the machining allowance on the forging.

When permitted by the purchaser, forgings to be machined all over may have an oxygen-rich layer provided

When a sample of stoc|
shall conform to the re
conform to the requirer

36 Quality
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b authorized by the purchaser and reported as in 4.4.4.

ANCE PROVISIONS

[ Inspection

e purchaser reserves.the right to sample and to perform any confirmatory tes
uct conforms to spécified requirements.
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eat treatment as in 3.4
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from foreign materials
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(see 3.1) of each heat.

Hydrogen content (see 3.1), tensile properties (see 3.5.1.1.1 and 3.5.1.1.2), creep properties (see 3.5.1.2),

microstructure (see 3.5.1.3), and surface contamination (see 3.5.1.4) of each lot of forgings.

4211 Composition
421.2
4.2.2 Periodic Tests

Ability of forging stock (see 3.5.2) to develop required properties is a periodic test and shall be performed at a frequency

selected by the produc

er unless frequency of testing is specified by the purchaser.
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