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Clarification of Terms Used in Aerospace Metals Specifications

Terminology for Titanium Microstructures

dard Practice for Production, Distribution, and Procurement of Metal Stock
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IREMENTS

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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3.1.1  Determination

3.1.2 Check Analysi$

Composition variations

3.2 Melting Practice

Alloy shall be cold hea

3.2.1  The melt sourg
consistently pf
specification.

3.3 Condition

Table 1 - Composition

Element Min Max
Aluminum 3.5 4.5
Vanadium 20 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 (3.1.1) -- 0.1
Other Elements, total (3.1.1) -- 0.3
Titanium remainder

not required for routine acceptance.
D

shall meet the applicable requirements of AMS2249.
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3.3.2 Forgings
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As ordered by the forgi

3.4 Heat Treatment
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d before annealing( The product shall be processed to the final thickness/di

ng

th melted. Either electron beam cold hearth melting of\plasma arc cold heart
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n melting may be used.

ritical variables that will
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y purchaser, bars may
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Il not be cut from plate.

!

fe annealing.

ng manufacturer.

Bars and forgings 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 93 °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.
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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 conform to the following requirements and shall also meet 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 and Forgings

Product, 14.000 inches (355.60 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 igp Table 2, determined in the longitudinal direction in accordance witthASTM [ES/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(maintaineq within a tolerance of
10.002 in/in/min (£0.002 mm/mm/min) through the 0.2% offset yield strain.

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

Norinal Diameter Elongation in [ Reduction
or east Distance Tensile | Yield Strength*| 2 Inches or of Arg¢a
Betwegen Parallel Sides Strength | at 0.2% Offset 4D %
Inches ksi Ksi % L T
Lesg than 2.000 139 125 15 30 25
2.000 to lesg than 5.000 135 125 15 30 22
5.000 to 14.000, incl 129 122 12 24 10

Table 2B - Minimum tensile properties, Sl units

Norinal Diameter Elongation in [ Reduction
or lleast Distance Tensile | Yield Strength | 50.8 mm or of Arg¢a
Between Parallel Sides Strength | at 0.2% Offset 4D %
Millimeters MPa MPa % L T
Legs than 5080 958 862 15 30 |]25
50.80 to legs than .127.00 931 862 15 30 | |22
127.00 to 355.60, incl 889 841 12 24 {]10

3.5.1.1.1  Specimeng “for the longitudinal requirements in 3.5.1.1 shall be taken with the jxis of the specimen
approximately parallel to the grain flow for forgings.

3.5.1.1.2 Mechanical property requirements for product outside the size range covered by 1.1 shall be agreed upon
between purchaser and producer and reported per 4.4.3 (see 8.6).

3.5.1.2 Microstructure

Shall be that structure resulting from processing within the alpha-beta phase field (see 2.3.1). Microstructure shall conform
t0 3.5.1.2.1 0r 3.5.1.2.2.

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

3.5.1.2.2 Partially broken and distorted grain boundary alpha with plate-like alpha.

3.5.1.2.3 A microstructure showing a continuous network of alpha in prior beta grain boundaries is not acceptable.
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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 (see 8.2), such as alpha
case, or other surface contamination, determined by microscopic examination at not lower than 100X magnification or other
method acceptable to purchaser.

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

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

3.5.2 Forging Stock

When a sample of stock is forged to a test coupon having a degree of mechanical working not greater than the forging and
heat treated as in 3.4 specimens taken from the heat-treated coupon shall conform to the reqlirements of 3.5.1.1. If
specimens taken from|the stock after heat treatment as in 3.4 conform to the requirements of 3:4.1.1, the tests shall be
accepted as equivalent to tests of a forged coupon.

36 Quality

The product, as received by purchaser, shall be uniform in quality and condition, sound, and free frofn foreign materials and
from imperfections detfimental 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|l general contour of the
forgings showipg no evidence of reentrant grain flow.

3.7 Tolerances
Bars shall conform to gll applicable requirements of AMS224 1

3.8 Production, distr{bution, and procurement of metakstock shall comply with AS6279.
3.9 Exceptions
Any exceptions shall bg authorized by the purchaser and reported per 4.4.3.
4. QUALITY ASSURANCE PROVISIONS

4.1 Responsibility fof Inspection

The producer of the productshall supply all samples for producer's test and shall be responsible fof the performance of all

required tests. Purchager.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

421 Acceptance Tests

The following requirements are acceptance tests and shall be performed on each heat or lot as applicable:
4.2.1.1 Composition (3.1) of each heat and hydrogen content of each lot.

4.2.1.2 Tensile properties (3.5.1.1), microstructure (3.5.1.2), and surface contamination (3.5.1.3) of each lot of bars and
forgings.

4.2.1.3 Tolerances (3.7) of bars.
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4.2.2 Periodic Tests

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

4221

Ability of forging stock (3.5.2) to develop required properties.

4.2.2.2 Grain flow of die forgings (3.6.1).

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 solution heat treated and annealed as a heat treat batch.

4.3.1 For Acceptanc]

4.3.1.1 Composition
One sample from each
chemical processing is|

4.3.1.2 Tensile Prop

At least one sample fr
shall be as agreed upo

4.3.1.3 Microstructu
At least one sample frd
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441 The producer
melted (e.g., fi
composition of]
of each lot, an
purchase orde

applicable), sp
stock used to

shipment a report showing producer identity, country where the metal was melted (e.g., fi

metal processg
report shall ing

e Tests

heat, except that for hydrogen determinations one sample from €ach lot obt
completed.

erties

n by purchaser and producer (see 8.6).
e and Surface Contamination

m each lot.

shall furnish with each shipment a report showing producer identity, country
nal melt in the case of-metal processed by multiple melting operations),
each heat and for the:hydrogen content microstructure, surface contamination
[ state that the praduct conforms to the other technical requirements. This
r number, lot number, AMS6950A, product form and mill produced size
ecific heat treaiment used, and quantity. If forgings are supplied, the part n
make the forgings shall also be included. The producer of stock for forging

d bymultiple melting operations) and the results of tests for chemical compos
udé thé purchase order number, heat number, AMS6950A, size, and quanti

bined after thermal and

bm bars from each lot. The number, location, and.orientation of samples frgm each lot of forgings

where the metal was
the results of tests for
, and tensile properties
report shall include the
and/or part number, if
umber and the size of
shall furnish with each
nal melt in the case of
ition of each heat. This

y.

442

443

Report the nominal metallurgically worked cross sectional size and the cut size, if different (also see 3.3.1 and 8.6).

When material produced to this specification is beyond the sizes allowed in the scope or tables, or other exceptions

are taken to the technical requirements listed in Section 3, the report shall contain a statement “This material is
certified as AMS6950A(EXC) because of the following exceptions:” and the specific exceptions shall be listed.

4.5 Resampling and

In accordance with AM

Retesting

52368.
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