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1. SCOPE

1.1 Form

This specification covers metal products fabricated by direct metal deposition.
1.2 Application

This product has been used typically for machining and forging preforms in applications that require static mechanical
properties similar to wrought mill and recrystallized annealed products, but usage is not limited to such applications.

2. APPLICABLE DOCUMENTS

The issue of the following documents in effect on the date of the purchase order forms a part of this specification to the
extent specified herein. The vendor may work to a subsequent revision of a document unless a specific document issue is
specified. When the referenced document has been cancelled and no superseding document has been specified, the last
published issue of that document shall apply.

2.1 SAE Publications

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

AMS2249 Chemical Check Analysis Limits, Titanium and Titanium Alloys
AMS2631 Titanium and Titanium Alloy Bar and Billet, Ultrasonic Inspection
AMS2750 Pyrometry

AMS4911 Titanium Alloy, Sheet, Strip, and Plate, 6Al 4V, Annealed

AMS4928 Titanium Alloy Bars, Wire, Forgings, Rings, and Drawn Shapes, 6Al - 4V, Annealed
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AMS4992 Castings, Structural Investment, Titanium Alloy 6Al 4V Hot Isostatically Pressed
AMS4998 Titanium Alloy Powder, 6Al 4V

AMS6945 Titanium Alloy, Single Melt, Sheet, Strip, and Plate, 6Al - 4V, Annealed

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/ E8M  Tension Testing of Metallic Materials

ASTM E 399 Plane-Strain Fracture Toughness of Metallic Materials

ASTM E 539 Linear-Elastic X-Ray Emission Spectrometric Analysis of 6AI-4V Titanium Alloy

ASTM E 606 Strain-Controlled Fatigue Testing

ASTM E 1304 Plane-Strain (Chevron-Notch) Fracture Toughness of Metallic Materials

ASTM E 1409 _Il?etirmination of Oxygen and Nitrogen in Titanium and Titanium Alloys by the Inert Gas Fusion
echnique

ASTM E 1447 Determination of Hydrogen in Titanium and Titanium Alloys by the Inert Gas Fusion Thermal
Conductivity/Infrared Detection Method

ASTM E 1742 Radiographic Examination
ASTM E 1941 Determination of Carbon in Refractory and Reactive Metals and Their Alloys by Combustion Analysis
ASTM E 2371 Analysis of Titanium and Titanium Alloys by Atomic Emission Plasma Spectrometry

2.3 AWS Publications

Available from American Welding Society, 550 N. W. LeJune Road, Miami, FL 33126, www.aws.org.

AWS A5.16 Titanium and Titanium-Alloy Welding Electrodes and Rods

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 E 1941, hydrogen in accordance with ASTM E 1447, oxygen and nitrogen in accordance with ASTM E 1409, and

other elements in accordance with ASTM E 539 or ASTM E 2371. Other analytical methods may be used if acceptable to
the purchaser.
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TABLE 1 - COMPOSITION

Element min max

Aluminum 5.50 6.75

Vanadium 3.50 4.50

Iron -- 0.30

Oxygen -- 0.20

Carbon - 0.10

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

Other 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 the applicable requirements of AMS2249.

3.2 Processing

3.2.1 Feedstock

The feedstock for the direct metal deposition process shall be either wire conforming to AWS A5.16 ERTi-5 (Al content up
to 7.5% is allowed, and a minimum of 1400 ppm oxygen), or powder conforming to AMS4998 except that powder

compaction and evaluation provisions do not apply, and the minimum oxygen content shall be 1400 ppm.

3.2.1.1  The feedstock shall be free from inclusions, impurities, and the chemistry of the feedstock shall be adequate to
yield, after processing, the final material chemistry outlined in Table 1.

3.3 Deposition Practice

3.3.1  Deposition shall be conducted in an atmosphere of vacuum or in argon and/or helium. The oxygen content shall
not exceed 1200 ppm (equivalent) at any time during the deposition operation. The oxygen content shall be
dynamically monitored throughout the deposition operation. Sufficient energy shall be present to completely fuse
the deposit with the substrate and/or previous and adjacent passes.

3.3.2 Feedstock shall be deposited on a target plate conforming to AMS4911, AMS4928, AMS4992, or AMS6945.

3.4 Condition

Annealed.

3.5 Thermal Processing

Direct metal deposited products shall be annealed using one or a combination of the following thermal cycles.
Intermediate stress relief treatments shall be performed at temperatures below 1025 °F (550 °C) if further deposition is to

be performed. Intermediate stress relief treatments shall be performed at temperatures below 1225 °F (663 °C) if no
further deposition is to be performed. Pyrometry shall be in accordance with AMS2750.

3.5.1 Hot Isostatic Pressing

Process at not less than 14.5 ksi (100 MPa) within the range 1650 to 1750 °F (899 to 954 °C), hold at the selected
temperature within 25 °F (£14 °C) for 2 to 4 hours, and cool under inert atmosphere in the autoclave to below 800 °F

(427°C). Documents
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