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AMS2368 Sampling and Testing of Wrought Titanium Raw Material, Except Forgings and Forging Stock
AMS2750 Pyrometry

AMS2808 Identification, Forgings

AMS2809 Identification, Titanium and Titanium Alloy Wrought Products

AMS7498 Rings, Flash Welded, Titanium and Titanium Alloys

AS1814 Terminology for Titanium Microstructures

AS6279 Standard Practice for Production, Distribution, and Procurement of Metal Stock

AS7766 Terms|Used in Aerospace Metals Specifications

2.2 ASTM Publicatio

Available from ASTM
Tel: 610-832-9585, wwj

ns

International, 100 Barr Harbor Drive, P.O. Box C700, West<{Conshoho(
w.astm.org.

ken, PA 19428-2959,

ASTM E8/E8M  Tengion Testing of Metallic Materials

ASTM E539 Analysis of Titanium Alloys by Wavelength Dispersive X-Ray Fluorescence Specfrometry

ASTM E1409 Detdrmination of Oxygen and Nitrogen in Titaniumcand Titanium Alloys by Inert Gas Fusion

ASTM E1447 Detdrmination of Hydrogen in Reactive Metal and Reactive Metal Alloys by [Inert Gas Fusion with
Detdction by Thermal Conductivity or Infrared Spectrometry

ASTM E1941 Detgrmination of Carbon in Refractory*and Reactive Metals and Their Alloys by Gombustion Analysis

ASTM E2371 Analysis of Titanium and Titanium Alloys by Direct Current Plasma and Inductively Coupled Plasma
Atonpic Emission Spectrometry (Performance-Based Test Methodology)

ASTM E2994 Analysis of Titanium and Titanium Alloys by Spark Atomic Emission Spectrometfy and Glow Discharge

Atonpic Emission Spectrometry (Performance-Based Method)

2.3 Definitions

Terms used in AMS ar

b defined in AS7766.

2.3.1  Terminology r

lating to titanium microstructures is presented in AS1814

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 3.5 4.5
Vanadium 2.0 3.0
Iron 1.2 1.8
Oxygen 0.20 0.30
Carbon -- 0.08 (800 ppm)
Nitrogen -- 0.03 (300 ppm)
Hydrogen -- 0.015 (150 ppm)
Other Elements, each (see 3.1.1) -- 0.1
Other Elements, total (see 3.1.1) - 0.3
Titanium remainder

3.1.1  Determination
3.1.2
Composition variations|

3.2 Melting Practice

Alloy shall be multiple

Check Analysis

hot required for routine acceptance.

shall meet the applicable requirements of AMS2249.

melted. The first melt shall be made by vacuum consumable electrode, nonconsumable electrode,

electron beam cold hearth, or plasma arc cold hearth melting practice. The subsequent melt or me|ts shall be made using

vacuum arc remelting

3.2.1  The atmosphe]

absolute press
3.2.2 The electrode

3.3 Condition

\VAR) practice. Alloy additions are not permitted.inthe final melt cycle.

ip for nonconsumable electrode melting shall be water-cooled copper.

The product shall be siipplied in the following condition:

3.3.1 Bars

re for nonconsumable electrode melting shall be vacuum or shall be arggn and/or helium at an
ure not higher than 1000 mm of mercury.

Hot finished with or without subsequent cold reduction, annealed, and descaled. Unless prohibited|by the purchaser, bars

may be solution heat
metallurgical working @
cut from plate.

3.3.2 Wire

treated before annealing. The product shall be processed to the final [thickness/diameter by
perations\prior to any dimensional sizing or surface finishing operations (seg 8.6). Bar shall not be

Hot finished with or without subsequent cold reduction, annealed, and descaled.

3.3.3

Forgings and Flash-Welded Rings

Annealed and descaled. Unless prohibited by the purchaser, product may be solution heat treated before annealing.

3.3.3.1

Flash-welded rings shall not be supplied unless specified or permitted on the purchaser’s part drawing. When

supplied, rings shall be manufactured in accordance with AMS7498.

3.3.4 Drawn Shapes

Drawn, annealed, and descaled. Unless prohibited by the purchaser, drawn shapes may be solution heat treated

before annealing.
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3.3.5 Stock for Forging or Flash-Welded Rings
As ordered by the forging or flash-welded ring manufacturer.
3.4 Heat Treatment

Bars, wire, forgings, rings, and drawn shapes shall be heat treated as follows; pyrometry shall be in accordance
with AMS2750:

3.4.1  Solution Heat Treatment
When solution heat treatment is used, heat to a temperature within the range 50 to 200 °F (28 to 111 °C) below the beta

transus, hold at the selected temperature within £25 °F (£14 °C) for a time commensurate with section thickness and the
heating equipment and procedure used, and cool at a rate equivalent to an air cool or faster.

3.4.2 Annealing

Heat to a temperature|within the range 1250 to 1400 °F (677 to 760 °C), hold at the selected temperature within 25 °F
(14 °C) for not less than 1 hour, and cool as required.

3.5 Properties

The product shall confprm to the following requirements and shall also meef'the requirements of 3(5.1.1 and 3.5.1.2 after
being heated to any temperature up to 1200 °F (649 °C), held at heat for 20.minutes + 3 minutes, cooled in air, and descaled:

3.5.1 Bars, Wire, Fofgings, and Flash-Welded Rings

Product, 5.000 inches {127.00 mm) and under in nominal diameter or least distance between parallel sides, shall have the
following properties:

3.5.1.1  Tensile Properties
Shall be as specified i Table 2, determined in the Jongitudinal direction in accordance with ASTM |E8/E8M on specimens
as in 4.3.1.2 with the|rate of strain set at 0.005 in/in/min (0.005 mm/mm/min) and maintained within a tolerance of

10.002 in/in/min (£0.002 mm/mm/min) throughthe 0.2% offset yield strain.

Table 2A.-)Minimum tensile properties, inch/pound units

Nominal Diameter
or Least'Distance Tensile Yield Strength  Elongationin ~ Reduction
Between Parallel Sides Strength at 0.2% Offset 2 Inches or 4D of Area

Inches ksi ksi % %
Less than 0.500 145 135 15 30
0.500 to less than 1.000 145 125 15 30
1.000 to less than 2.000 139 125 15 30
2.000 to 5.000, incl 135 125 15 30

Table 2B - Minimum tensile properties, Sl units

Nominal Diameter

or Least Distance Tensile  Yield Strength Elongation in  Reduction
Between Parallel Sides Strength at 0.2% Offset 50.8 mmor4D  of Area
Millimeters MPa MPa % %
Less than 12.70 1000 931 15 30
12.70 to less than 25.40 1000 862 15 30
25.40 to less than 50.80 958 862 15 30

50.80 to 127.00, incl 931 862 15 30
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3.5.1.1.1  Specimens for the longitudinal requirements in Table 2 shall be taken with the axis of the specimen
approximately parallel to the grain flow for bars and wire and shall be taken in the circumferential direction from
flash-welded rings.

3.5.1.1.2  Yield strength and reduction of area requirements do not apply to wire and drawn shapes with maximum section
thickness under 0.125 inch (3.18 mm) in nominal diameter or least distance between parallel sides.

3.5.1.1.3 Mechanical 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 8.6).

3.5.1.2 Microstructure

Shall be that structure resulting from processing within the alpha-beta phase field. Microstructure shall conform to 3.5.1.2.1
or3.5.1.2.20r 3.5.1.2.3 (see 2.3.1).

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

3.5.1.2.2 Essentially| complete field of equiaxed and/or elongated alpha with no continaous network of alpha at prior beta
grain boundaries.

3.5.1.2.3 Partially brpken and distorted grain boundary alpha with plate-like alpha.
3.5.1.24 A microstrlicture showing a continuous network of alpha in prioribeta grain boundaries |s not acceptable.
3.5.1.3  Surface Contamination
Except as permitted by 3.5.1.3.1 and 3.5.1.3.2, the product shall\be free of any oxygen-rich layer ($ee 8.2), such as alpha
case, or other surface ¢gontamination, determined by microscopic examination at not lower than 100X magnification or other

method acceptable to the purchaser.

3.5.1.3.1  Anoxygentrich layer not greater than 0.004:inch (0.025 mm) in depth will be permitted oh bars other than round
and drawn|shapes.

3.5.1.3.2 When permitted by the purchaser, forgings and flash-welded rings to be machined|all over may have an
oxygen-rich layer provided such layer is removable within the machining allowance on the forging or
flash-welded ring.

3.5.2 Forging Stock

heat treated as in 3.4| speeimens taken from the heat-treated coupon shall conform to the reqlirements of 3.5.1.1. If
.1.1, the tests shall be

When a sample of stodk is ferged to a test coupon having a degree of mechanical working not grea‘J‘er than the forging and

specimens taken from|the)stock after heat treatment as in 3.4 conform to the requirements of 3.
accepted as equivalent to tests of a forged coupon.

3.5.3  Stock for Flash-Welded Rings
A sample of stock heat treated as in 3.4 shall conform to the requirements of 3.5.1.1.
3.6 Quality

The product, as received by the purchaser, shall be uniform in quality and condition, sound, and free from foreign materials
and from imperfections detrimental to usage of the product.

3.6.1  Grain flow of die forgings, except in areas that contain flash-line end grain, shall follow the general contour of the
forgings showing no evidence of reentrant grain flow.
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3.7 Tolerances

Bars and wire shall conform to all applicable requirements of AMS2241.

3.8 Production, distri

3.9 Exceptions

bution, and procurement of metal stock shall comply with AS6279.

Any exceptions shall be authorized by the purchaser and reported as in 4.4 .4.

4. QUALITY ASSURANCE PROVISIONS

4.1

Responsibility for Inspection

The producer of the prq
all required tests. The

to ensure that the prod
4.2 Classification of
4.2.1 Acceptance Te

The following requirem

4.2.1.1  Composition
4.21.2 Tensile prop

of bars, wire
4.21.3 Tolerances (
4.2.2 Periodic Tests

duct shall supply all samples for the producer’s test and shall be responsibl
burchaser reserves the right to sample and to perform any confirmatory‘te
Lict conforms to specified requirements.

lests

sts

ents are acceptance tests and shall be performed on-¢ach heat or lot as app

(see 3.1) of each heat and hydrogen content of.each lot.

briies (see 3.5.1.1), microstructure (see 3.5:1.2), and surface contamination
forgings, flash-welded rings, and drawn shapes, as received.

5ee 3.7) of bars and wire.

The following requirenfents are periodic tests and shall be performed at a frequency selected &

frequency of testing is

4221 Tensile prop
asin 3.5.

4.2.2.2  Ability of forg

4.2.2.3 Grain flow of

specified by the purchaser:

erties (see 3.5,1\) of bars, wire, forgings, flash-welded rings, and drawn

ing stock (see 3.5.2) and stock for flash-welded rings (see 3.5.3) to develop

die'forgings (see 3.6.1).

for the performance of

sjing deemed necessary

licable:

see 3.5.1.3) of each lot

y the producer unless

shapes after reheating

required properties.

4.3 Sampling and Testing

Shall be in accordance with AMS2368 and the following; a lot shall be all product of the same nominal size from the same

heat, processed at the
4.3.1

4.3.1.1  Composition

same time, and solution heat treated and annealed as a heat-treat batch:

For Acceptance Tests

One sample from each heat, except that for hydrogen determinations one sample from each lot obtained after thermal and

chemical processing is

completed.
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