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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

ARP982 Minimizing Stress-Corrosion Cracking in Wrought Titanium Alloy Products

AS1814 Terminology for Titanium Microstructures

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

AS7766 Terms Used in Aerospace Metals Specifications
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IREMENTS

3.1 Composition

cken, PA 19428-2959,

trometry
bas Fusion

Gas Fusion Thermal

Combustion Analysis

tively Coupled Plasma

ry and Glow Discharge

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
3.1.2 Check Analysis
Composition variations
3.1.3  No variation oV,

3.2 Melting Practice

Table 1 - Composition

Element Min Max
Aluminum 500 6.00
Vanadium 5.00 6.00
Tin 1.50 250
Iron 0.35 1.00
Copper 0.35 1.00
Carbon -- 0.05
Oxygen -- 0.20
Nitrogen -- 0.04 (400 ppm)
Hydrogen -- 0.015 (150 ppm)
Yttrium (3.1.1) (3.1.3) -- 0.005 ( 50 ppm)
Residual Elements, each (3.1.1) -- 0.10
— ResauaEtfements; totat (371 1) = 040
Titanium remainder

Determination pot required for routine acceptance.

shall meet the applicable requirements of AMS2249.

er maximum will be permitted for yttrium.

Alloy shall be multiple melted. The first melt shall be made by yvacuum consumable electrode, nor

electron beam cold hesz
vacuum arc remelting (

3.2.1  The atmospher

than 1000 mm
3.2.2 The electrode t
3.3 Condition
The product shall be su

3.3.1 Bars

rth, or plasma arc cold hearth melting.practice. The subsequent melt or me
VAR) practice. Alloy additions are not permitted in the final melt cycle.

e for nonconsumable electrode melting shall be vacuum or shall be inert gas
bf mercury.

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

pplied in thedfollowing condition:

Hot finished with or witH

consumable electrode,
Its shall be made using

At a pressure not higher

lout’subsequent cold reduction _annealed _and descaled The product shall b

e processed to the final

thickness/diameter by metallurgical working operations prior to any straightening, dimensional sizing, or surface finishing
operations. Bar shall not be cut from plate (see 4.4.2).

3.3.2 Wire

Cold drawn, annealed, and descaled.

3.3.3 Forgings and F

lash Welded Rings

Annealed and descaled.

3.3.3.1

supplied, rings shall be manufactured in accordance with AMS7498.

Flash welded rings shall not be supplied unless specified or permitted on purchaser’s part drawing. When
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3.3.4  Stock for Forging or Flash Welded Rings

As ordered by the forging or flash welded ring manufacturer.

3.4 Heat Treatment

3.4.1  Annealing

Bars, wire, forgings, and flash welded rings shall be annealed by heating to 1300 to 1450 °F (704 to 788 °C), holding at
heat for 1 to 2 hours, and cooling as required. Pyrometry shall be in accordance with AMS2750.

3.5 Properties

The product shall confo

rm to the following requirements:

3.5.1 Bars, Wire, For

3.5.1.1  Tensile Prop
Shall be as specified in
(0.005 mm/mm/min) an
strain.

gings, and Flash Welded Rings
priies

Table 2, determined in accordance with ASTM E8/E8M with the rate of stra
 maintained within a tolerance of £0.002 in/in/min (0.002 mm/mm/min) throy

in set at 0.005 in/in/min
gh the 0.2% offset yield

3.5.1.1.1 Tensile prgperty requirements apply in both the longitudinal and transverse directigns. Transverse tensile
properties ¢f Table 2 apply only to product where a test specimen not less than 2.50 inches (63.5 mm) in length
can be obtained.
3.5.1.1.2 Specimeng for the longitudinal requirements of Table 2 shall be taken with the axis [of the specimen within
15 degreeq of parallel to the grain flow and specimens for flash welded rings shall be takgn in the circumferential
direction.
3.5.1.1.3 Yield strength and reduction of area requirements do not apply to wire under 0.125 ingh (3.18 mm) in nominal
diameter.
Table 2A-~'Tensile properties, inch/pound units
Nominal Elongation in Elongation in Reduction Reduction
Diameter or Least Digtance Tensile® Yield Strength 2 inchesor4D 2 inches or 4D df area of area
Between Parallel S|des Strength  at 0.2% Offset %, Min %, Min %, Min %, Min
Inches Ksi; Min ksi, Min Long. Trans. L ong. Trans.
Up to 2.000} incl 150 140 to 165 10 8 20 15
Over 2.000 to 4.000} incl 145 135 to 160 10 8 15 15
Table 2B - Tensile properties, Sl units
Nominal Elongation in Elongation in  Reduction Reduction
Diameter or Least Distance  Tensile  Yield Strength 50.8 mmor4D 50.8 mmor4D  of Area of Area
Between Parallel Sides Strength  at 0.2% Offset %, Min %, Min %, Min %, Min
Millimeters MPa, Min MPa, Min Long. Trans. Long. Trans.
Upto 50.80, incl 1034 965 to 1138 10 8 20 15
Over 50.80 to 101.60, incl 1000 931 to 1103 10 8 15 15

3.5.1.14

between purchaser and producer and reported per 4.4.3.

3.5.1.2

Microstructure

Mechanical property requirements for product outside the size range covered by 1.1 shall be agreed upon

Shall be that structure resulting from processing within the alpha-beta phase field. Microstructure shall conform to 3.5.1.2.1,
3.5.1.2.2, 0or 3.5.1.2.3 (see 8.2).
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3.5.1.2.1 Equiaxed alpha in a transformed beta matrix.

3.5.1.2.2 Equiaxed alpha and elongated alpha in a transformed beta matrix.

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

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

Except as specified in 3.5.1.3.1 and 3.5.1.3.2, the product shall be free of any oxygen-rich layer (see 8.3), such as alpha
case, or other surface contamination, determined by microscopic examination at not lower than 400X magnification or by

other method agreed upon by purchaser and producer.

3.5.1.3.1  An oxygen

3.5.1.3.2 When per;l:
layer is re

3.5.2 Forging Stock

When a sample of stoch
shall conform to the req
requirements of 3.5.1.1
3.5.3  Stock for Flash
Specimens taken from
3.6 Quality

The product, as receive
from imperfections detr

3.7 Tolerances
Bars and wire shall con|
3.8 Production, distri

3.9 Exceptions

fich layer not thicker than 0.0071 inch (0.025 mm) IS permitted on bars other

itted by purchaser, product to be machined all over may have an oxygen-ri
ovable within the machining allowance on the product.

is forged to a test coupon and heat treated as in 3.4, spécimens taken from
uirements of 3.5.1.1. If specimens taken from the stock-after heat treatment
the tests shall be accepted as equivalent to tests.of a forged coupon.
Welded Rings

he stock after heat treatment as in 3.4 shall conform to the requirements of

d by purchaser, shall be uniformrin quality and condition, sound, and free fro
mental to usage of the product.

form to all applicable requirements of AMS2241.

pution, and-procurement of metal stock shall comply with AS6279.

than round.

ch layer, provided such

he heat treated coupon
as in 3.4 conform to the

3.5.1.1.

m foreign materials and

Any exceptions shall b

authorized hy pllrr\hncnr and rnpnri'nri asind 43

4. QUALITY ASSURANCE PROVISIONS

4.1

Responsibility for Inspection

The producer of the product shall supply all samples for producer'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

4.21

Classification of Tests

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.
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4212

of bars, wire,
4213
4.2.2 Periodic Tests

forgings, and flash welded rings.

Tolerances (3.7) of bars and wire.

Hydrogen content (3.1), tensile properties (3.5.1.1), microstructure (3.5.1.2), and surface contamination (3.5.1.3)

Ability of forging stock (3.5.2) and stock for flash welded rings (3.5.3) to develop specified properties are periodic tests and
shall be performed at a frequency selected by the producer unless frequency of testing is specified by purchaser.

4.3 Sampling and Testing

Shall be in accordance with AMS2368 and as follows: a lot shall be all product of the same nominal size from the same heat

processed at the same

time.

431 For Acceptancl Tests

4.3.1.1  Composition

At least one sample fri
thermal and chemical p

4.3.1.2 Tensile Prop

bm each heat, except that for hydrogen determinations, one sample from
rocessing is completed.

prties

each lot obtained after

At least one sample from bars, wire, and flash welded rings from each let._The number, location, and orientation of samples

from each lot of forging

4.3.1.21 Specimeng

4.3.2 For Periodic T¢g

As agreed upon by pur

4.4 Reports

441 The producer s
melted (e.g., fi
composition of

5 shall be as agreed upon by purchaser and producer (see 8.8).
from flash welded rings shall be from parent metal not including the weld h
sts

thaser and producer (see 8.8):

hall furnish with each/shipment a report showing the producer identity, coun
hal melt in the,case of metal processed by multiple melting operations),
each heat and-for the hydrogen content, tensile properties, and surface cd

and state that t
number, heat a
specific anneal
source of stoc

rings shall furni

e product-eonforms to the other technical requirements. The report shall inc
d lot numbers, AMS4978J, product form and mill produced size (and/or par
ng tréatment used, and quantity. If forgings are supplied, the part numbe
usedto make the forgings shall also be included. The producer of stock for

pat-affected zone.

ry where the metal was
the results of tests for
ntamination of each lot
ude the purchase order
t number, if applicable),
and the size and melt
forging or flash welded

pf each heat and for the

hydrogen content of each lot. This report shall include the purchase order number, heat number, AMS4978J, size,

and quantity.
442

443

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

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

authorized by purchaser are taken to the technical requirements listed in Section 3, the report shall contain a
statement "This material is certified as AMS4978J(EXC) because of the following exceptions:" and the specific
exceptions shall be listed.

4.5

Resampling and Retesting

If any specimen used in the above tests fails to meet the specified requirements, disposition of the product may be based
on the results of testing three additional specimens for each original nonconforming specimen. Failure of any retest
specimen to meet the specified requirements shall be cause for rejection of the product represented. Results of all tests
shall be reported.
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