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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

ARP982 Minimizing Stress-Corrosion Cracking in Wrought Titanium Alloy Products

AS6279 Industry Standard Practices for Production, Distribution, and Procurement of Metal Stock
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3.1.1 Hydrogen cont
3.1.2 Determination
3.1.3 Check Analysis$

Composition variations
3.1.4 Sample size w|
3.2 Melting Practice

Alloy shall be multiple

electron beam cold hearth, or plasma arc cold hearth™nelting practice. The subsequent melt or mel

vacuum using vacuum

3.2.1 The atmosphe

higher than 10
3.2.2 The electrode
3.3 Condition

TABLE 1 - COMPOSITION

Element min max
Aluminum 5.50 6.50
Zirconium 3.50 4.50
Tin 1.75 2.25
Molybdenum 5.50 6.50
Iron -- 0.15
Oxygen -- 0.15
Carbon -- 0.04
Nitrogen -- 0.04 (400 ppm)

Hydrogen (3.1.1) 0.0125 (125 ppm)
Yitrium (3.1.2) 0.005 ( 50 ppm)
Other Elements, total (3.1.2) 0.40
Titanium

remainder

ent of forgings may be as high as 0.0150 (150 ppm).
hot required for routine acceptance.
shall meet the applicable requirements of AMS2249.

nen using ASTM E 1447 for hydrogen may be\as large as 0.35 gram.

melted. The first melt shall be made by vacuum consumable electrode, non
arc remelting (VAR) practice;Alloy additions are not permitted in the final VA

re for nonconsumabletelectrode melting shall be vacuum or shall be inert
DO mm of mercury.

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

The product shall be sTppIied in the following condition:

consumable electrode,
ks shall be made under
R melt.

gas at a pressure not

3.3.1 Bars

Hot finished, solution and precipitation heat treated, and descaled. The product shall be produced using standard industry
practices designed strictly for the production of bar stock to the procured size. Cut plate shall not be supplied in lieu of bar.

3311

3.3.2 Wire

Cold drawn, solution and precipitation heat treated, and descaled.

3.3.3 Forgings

Solution and precipitati

on heat treated and descaled.

Round bars shall be solution and precipitation heat treated and ground, turned, or machined.
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3.3.4 Forging Stock
As ordered by the forging manufacturer.
3.4 Heat Treatment

Bars and forgings 0.50 inch (12.7 mm) and over in nominal diameter or least distance between parallel sides shall be
solution heat treated by heating in a suitable atmosphere to 1500 to 1675 °F (816 to 913 °C), holding at the selected
temperature within £25 °F (£14 °C) for not less than 1 hour, and cooling at a rate equivalent to an air cool or faster, and
precipitation heat treated by heating to 1100 °F + 15 (593 °C + 8), holding at heat for 4 to 8 hours, and cooling in air. Heat
treatment for product under 0.50 inch (12.7 mm) nominal diameter or least distance between parallel sides shall be as
agreed upon by purchaser and vendor. Pyrometry shall be in accordance with AMS2750.

3.4.1 Water-quenching from the solution heat treatment temperature is prohibited.

3.5 Properties
The product shall conf¢rm to the following requirements:
3.5.1 Bars, Wire, anfl Forgings

Product 4.000 inches (101.60 mm) and under in nominal diameter or least distance*between parallel sides shall have the
following properties:

3.5.1.1 Tensile Properties

3.5.1.1.1 At Room Tlemperature
Shall be as specified|in Table 2, determined in accordancevzwith 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 +(.002 inch/inch/minute

(0.002 mm/mm/minute) through the 0.2% offset yield strain.

TABLE 2A - MINIMUM TENSILE PROPERTIES, INCH/POUND UNITS

Nominal Diameter or Elongdtion  Reduction
Least Distance*Between Tensile  Yield Strength in 4P of Area
Parallel Sides Strength  at 0.2% Offset % %

Form inches ksi ksi L T L T

Wire Up to 0.500, incl 170 160 10 8 20 15
Bars Over 0.500 to 2.500, incl 170 160 10 8 20 15
Bars Over 2.500 to 3.000, incl 165 155 8 6 15 12
Forgings Up to 3.000, incl 170 160 10 8 20 15
Bars and Forgings Over 3.000 to 4.000, incl 160 150 8 6 15 12

TABLE 2B - MINIMUM TENSILE PROPERTIES, SI UNITS

Nominal Diameter or Elongation  Reduction
Least Distance Between Tensile Yield Strength in 4D of Area
Parallel Sides Strength at 0.2% Offset % %
Form Millimeters MPa MPa L T L T
Wire Upto 12.70, incl 1172 1103 10 8 20 15
Bars Over 12.70to 63.50, incl 1172 1103 10 8 20 15
Bars Over 63.50to 76.20, incl 1138 1069 8 6 15 12
Forgings Upto 76.20, incl 1172 1103 10 8 20 15
Bars and Forgings Over 76.20 to 101.60, incl 1103 1034 8 6 15 12
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3.51.1.2

At 800 °F (427 °C)

Product shall meet the requirements shown in Table 3, determined in accordance with ASTM E 21 on specimens heated
to 800 °F + 5 (427 °C + 3), held at heat for 20 to 30 minutes before testing, and tested at 800 °F + 5 (427 °C + 3) using

strain rates as specifie

3.5.1.1.3 Yield strength and reduction of area requirements do not apply to wire under 0.125 IncC
diameter.

3.5.1.1.4 Tensile property requirements apply in both the longitudinal and transverse- direc
transverse| direction need be made only on product that specimens not less’than 2.5
length can| be taken. Tests in the longitudinal direction are not required,0on product t¢
direction.

3.5.1.1.5 Mechanicgl property requirements for product outside the size range covered by 3.5.]
between ppirchaser and producer.

3.5.1.2 Creep Test gt 800 °F (427 °C)

A smooth tensile speci
(655 MPa). Time to att
after 35 hours, the te
dimensions of specim
(See 8.6). Test shall bg
3.5.1.3  Microstructu

Shall be that structurd
3.5.1.3.1,35.1.3.2, or

Equiaxed alpha in a transformed beta matrix.

Equiaxed glpha and*elongated alpha in a transformed beta matrix.

din3.5.1.1.1:

TABLE 3 - MINIMUM TENSILE PROPERTIES AT 800 °F (427 °C)

Value
135 ksi (931 MPa)
105 ksi (724 MPa)
10%
30%

Property
Tensile Strength
Yield Strength at 0.2% Offset
Elongation in 4D
Reduction of Area

men shall be maintained at 800 °F + 5 (427 °C % 3) under continuously applig
hin 0.2% plastic deformation shall be net;less than 35 hours. If plastic deforn]

en and technique used to measUre creep shall be as agreed upon by
conducted in accordance withLASTM E 139.

e

resulting from alpha-beta processing. Microstructure shall conform to an
B.5.1.3.3 (See 8.5).

pken and distorted grain boundary alpha with plate-like alpha.

h (3.18 mm) in nominal

tions but tests in the
0 inches (63.5 mm) in
psted in the transverse

shall be agreed upon

d axial stress of 95 ksi
ation is less than 0.2%

5t may be discontinued; the amount\of plastic deformation in 35 hours shall be reported. Gage

purchaser and vendor

y one of the following:

3.5.13.1
3.5.1.3.2
3.5.1.3.3  Partially br
35.1.34
3.5.1.4 Surface Con

tamination

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

Except as specified in 3.5.1.4.1 and 3.5.1.4.2, product shall be free of any oxygen-enriched layer (See 8.2), such as alpha
case, or other surface contamination, determined by microscopic examination at not lower than 400X magnification or by

other method agreed u

3.5.1.4.1
round.

3.5.14.2

pon by purchaser and vendor.

layer is removable within the machining allowance on the forgings.

An oxygen-rich layer not greater than 0.001 inch (0.025 mm) in depth will be permitted on bars other than

When permitted by purchaser, forgings to be machined all over may have an oxygen-rich layer provided such
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3.5.2 Forging Stock

When a sample of stock is forged to a test coupon and heat treated as in 3.4, specimens taken from the coupon shall
conform to the requirements of 3.5.1.1.1. If specimens taken from the stock after heat treatment as in 3.4 conform to the
requirements of 3.5.1.1.1, the tests shall be accepted as equivalent to tests of a forged coupon.

3.6 Quality

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

3.7 Tolerances

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

3.8 Production, distfibution, and procurement of metal stock shall comply with AS6279. This|requirement becomes
effective Octobef 1, 2015.

4. QUALITY ASSURANCE PROVISIONS
4.1 Responsibility fof Inspection

The vendor of the progluct shall supply all samples for vendor's tests and shall’be responsible for|the performance of all
required tests. Purchaser reserves the right to sample and to perform any.confirmatory testing|deemed necessary to
ensure that the product conforms to specified requirements.
4.2 Classification of [Tests

4.2.1 Acceptance Tgsts

The following requiremgnts are acceptance tests and shall. be performed on each heat or lot as applicable:

4.2.1.1 Composition|(3.1) of each heat.

4.2.1.2 Hydrogen cgntent (3.1), room-temperature tensile properties (3.5.1.1.1), microstructure| (3.5.1.4), and surface
contaminatign (3.5.1.5) of each lot.of-bars, wire, and forgings.

4.2.1.3 Tolerances (8.6) of bars and wire.
4.2.2 Periodic Tests

The following requirements{are periodic tests and shall be performed at a frequency selected|by the vendor unless
frequency of testing is specified by purchaser:

4.2.2.1 Tensile properties at 800 °F (427 °C) (3.5.1.1.2) and creep properties at 800 °F (427 °C) (3.5.1.2) of bars, wire,
and forgings.

4.2.2.2  Ability of forging stock to develop required properties (3.5.2).
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 same time and heat treated in the same batch:

4.3.1 For Acceptance Tests
4.3.1.1 Composition

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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