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AMS2808

AS6279

Identification Forgings

Production, Distribution, and Procurement of Metal Stock

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 E8/E8BM

Tension Testing of Metallic Materials

ASTM E384 Knoop and Vickers Hardness of Materials

ASTM E399 Linear-Elastic Plane-Strain Fracture Toughness of Metallic Materials

ASTM E1409 Determination of Oxygen and Nitrogen in Titanium and Titanium Alloys, by
Teghnique

ASTM E1447 Determination of Hydrogen in Titanium Alloys by the Inert Gas Fusion” Therm
Detection Method

ASTM E1941 Determination of Carbon in Refractory and Reactive Metals,and Their Alloys by

ASTM E2371 Anpglysis of Titanium and Titanium Alloys by Direct Cufrent Plasma and Indu
At@mic Emission Spectrometry

3. TECHNICAL REQU

3.1 Composition

Shall conform to the pe
hydrogen in accordanc
accordance with ASTM

JIREMENTS

centages by weight shown in Table 1; carbon shall be determined in accorda
e with ASTM E1447, oxygen and nitrogen in accordance with ASTM E1409
E2371. Other analytical methods may be used if acceptable to the purchas

Table 1 - Composition

the Inert Gas Fusion

al Conductivity/Infrared

Combustion Analysis

tively Coupled Plasma

ince with ASTM E1941,

. and other elements in

er.

3.1.1

3.1.2

Element min max

Vanadium 9.0 11.0

Aluminum 2.6 3.4

Iron 1.6 2.2

Oxygen -- 0.13

Carbon - 0.05

Nitrogen -- 0.05 (500 ppm)
Hydregen 0-015-(150-ppw)
Yttrium (3.1.1) (3.1.2) -- 0.005 ( 50 ppm)
Other Elements, each (3.1.1) -- 0.10

Other Elements, total (3.1.1) -- 0.30

Titanium remainder

Determination not required for routine acceptance.

Check Analysis

Composition variations shall meet the applicable requirements of AMS2249. If yttrium content is determined, no variation
over maximum will be permitted for yttrium.
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3.2 Melting Practice

Alloy shall be multiple melted. The first melt shall be made by vacuum consumable electrode, honconsumable electrode,
electron beam cold hearth, or plasma arc cold hearth melting practice. The subsequent melt or melts shall be made under
vacuum using vacuum arc remelting (VAR) practice. Alloy additions are not permitted in the final melt cycle.

absolute pressure not higher than 1000 mm of mercury.

3.2.1
3.2.2 The electrode t
3.3 Condition

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

The product shall be supplied in the following conditions:

The melting atmosphere for nonconsumable electrode melting shall be vacuum or argon and/or helium at an

3.3.1 Forgings

Solution heat treated, 3
3.3.2  Forging Stock
As ordered by the forgi
3.4 Heat Treatment

Forgings shall be soluti

accordance with 3.4.1.1 and 3.4.1.2 is specified by purchaser.

3.4.1 Forgings shall
3.4.1.1 Forgings sha
heat for not |
3.4.1.2 Forgings shg
heat for not |
3.4.1.3 Other solutio
3.4.2 Aging Heat Treg

Heat to a temperature V
for not less than 8 hour

34.2.1

ged, descaled and pickled.

ng manufacturer.

pn heat treated and aged as follows; pyrometry‘shall be in accordance with

pe single solution heat treated in accordance with 3.4.1.2 unless a double sd
Il be heated to a temperature 60 t0~100 °F (33 to 56 °C) below the beta tran
Il be heated to a temperature 60 to 100 °F (33 to 56 °C) below the beta tran
pss than 30 minutes, and quenched in water.

N heat treatments-may be employed when agreed upon by purchaser and p

atment

ithin the-range 900 to 975 °F (482 to 524 °C), hold at the selected temperaty
5, anddcool to room temperature.

AMS2750:

lution heat treatment in

sus (See 8.3.2), held at

pss than 30 minutes, and either furnace cooled or air cooled to room temperature.

sus (See 8.3.2), held at

oducer.

re within £10 °F (6 °C)

af2 L 19

If a lot of forgir

at atthao fract: nt
llluo UUUQ Roteettme-mimti-Tractdre LUUBIIIIC\J\J lcqullclllclll OT

L IE AT Ty =]

the lot of forgings may

be re-aged by heating to a temperature within the range 900 to 975 °F (482 to 524 °C), holding at the selected
temperature within £10 °F (6 °C) for up to 8 hours, cooling to room temperature, and retested for fracture
toughness and tensile properties.

3.4.3

Beta Transus Determination

The beta transus temperature shall be determined by any method acceptable to purchaser. Thermal controls and readouts
shall be calibrated to an accuracy of £5 °F (3 °C). Beta transus shall be 15 °F (+8 °C).
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3.5 Properties
The aged product shall
3.5.1 Forgings

3511

conform to the following requirements:

Tensile Properties

Shall be as specified in Table 2, determined in accordance with ASTM E8/E8M with the rate of strain set at

0.005

inch/inch/minute (0.005 mm/mm/minute) and maintained within a tolerance of +0.002

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

Table 2 - Minimum tensile properties

Property Value

inch/inch/minute

Tensile Strength

Yield Strength at 0.2% Offset
Elongation in 4D

Reduction of Area

173 ksi (1193 MPa)
160 ksi (1103 MPa)
4%
Shall be reported except whex flat
sheet type specimens areused

3.5.1.1.1 Mechanic

between pdirchaser and producer.

3.5.1.2

Kic shall be not lower than 40 ksi, /inch (44 MPa,/m ), determined in aécordance with ASTM E399 fo

To facilitate determination of fracture toughness, a tensile specimen taken immediately adjacen|
fracture toughness spegimen is required. Fracture planes of tefisile and Kic specimens shall be in
tensile specimen canngt be excised from the forging with the: fracture plane in the same directior]
toughness specimen, the orientation of the tensile specimen shall be as approved by purchaser.

3.5.1.2.1 Reduction
Test data shall be redu
been measured. Tens
specified. In checking f
which the fracture toug
the location of the frac
same direction. If a ten
that of the fracture toug

Fracture Toughness

property requirements for product outside the size rangé-covered by 1.1

Df Test Data

ced in accordance withPASTM E399 to calculate a Ko value and to determineg
le coupons shall be\provided for validity verification wherever fracture t
Dr validity, the yield strength value used shall be yield strength measured fo

shall be agreed upon

all specimen locations.

t to the location of the
the same direction. If a
as that of the fracture

if a valid Kic value has
bughness coupons are
r the same forging from

hness specimen was obtained. Not less than one tensile specimen taken i

sile specimen cannot be excised from the forging with the fracture plane i

3.5.1.3

Microstructuqe

mmediately adjacent to

ure toughness specimen is required. Fracture planes of tensile and Kic specimen shall be in the

the same direction as

hness specimen, the orientation of the tensile specimen shall be approved by the purchaser.

Shall consist of primary alpha phase in a matrix of aged beta phase when examined at 500X magnification. An unbroken,
continuous alpha phase network along prior beta phase grain boundaries in any field of view is not acceptable unless
purchaser and producer have agreed that such phase is acceptable and tensile and fracture toughness properties are met.

3.5.1.31

No beta flecks shall be visible in material that has been heated up to 1425 °F (774 °C) or 45 °F (25 °C) below

the beta transus temperature of the matrix, whichever is higher when examined at a magnification of 50 to 100X
(See 8.3). A rejectable beta fleck exhibits no primary alpha in a 0.030 x 0.030 inch (0.762 x 0.762 mm) or

equivalent

area.
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3.5.1.4 Macrostructure and Grain Flow

The grain flow pattern of macroetch sections taken from designated areas of a forging during initial evaluation shall generally
conform to the part shape. If areas are not designated by purchaser, two sections shall be taken normal to the parting line
in areas having the greatest section variation. If standards are not established, photomacrographs of acceptable
macrostructure of a forging from the first production lot shall be the standard. Presence of laps, seams, folds, etc. is not
acceptable.

3.5.1.5 Surface Contamination

Forgings shall be free of any oxygen-rich layer, such as alpha case, or other surface contamination, determined as in
3.5.1.5.1, by microscopic examination at not lower than 100X magnification, or by other method agreed upon by purchaser
and producer.

3.5.1.5.1 Microhardness Differential

A surface hardness mo jance with ASTM E384

on the Knoop scale usi

re than 40 points higher than the subsurface hardness, determined in accor
ng a 200-gram load, is evidence of unacceptable surface contamination.
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,
sample taken directly fr
of a forged coupon is n
3.6 Quality

The product, as receive
from imperfections detr|

3.6.1 Grain flow of d

specimens taken from the heat treated coupon shall eohform to the requi
pm the forging stock and heat treated as in 3.4 conforms’to the requirementg
Dt required.

d by purchaser, shall be uniform in quality*and condition, sound, and free fr
mental to usage of the product.

e forgings, except in areas that contain flash-line end grain, shall follow the

forgings showimng no evidence of reentrant grain flow.

3.7 Production, distr

effective Septem
4. QUALITY ASSURA
4.1 Responsibility for

The producer of the pra
required tests. Purchas

bution, and procurement, of metal stock shall comply with AS6279. This|
ber 1, 2016.

NCE PROVISIONS
Inspection

duct Shall supply all samples for producer's tests and shall be responsible fg
pr-reserves the right to sample and to perform any confirmatory testing deem

rements of 3.5.1.1. If a

of 3.5.1.1, then testing

bm foreign material and

general contour of the

requirement becomes

r the performance of all
ed necessary to ensure

that the product conforms=to cpnr‘ifinr‘l regu lirements

4.2

4.2.1 Acceptance Te

Classification of Tests

sts

Composition (3.1), beta-transus temperature (3.4.3), tensile properties (3.5.1.1), fracture toughness (3.5.1.2), microstructure
(3.5.1.3), and surface contamination (3.5.1.5) are acceptance tests and shall be performed on each heat or lot as applicable.
4.2.2 Periodic Tests

Macrostructure (3.5.1.4) and grain flow (3.6.1) and ability of forging stock to meet required properties (3.5.2) are periodic
tests and shall be performed at a frequency selected by the producer unless frequency of testing is specified by purchaser.
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4.3 Sampling and Testing

Shall be in accordance with the following; a lot shall be all forgings of the same nominal size and configuration, from the
same heat, processed at the same time under the same fixed conditions, and presented for producer's inspection at one
time; a heat shall be the consumable electrode remelted ingots produced from alloy originally melted as a single furnace
charge.

4.3.1 For Acceptance Tests

4.3.1.1 Composition

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

chemical processing is

completed.

4.3.1.2 Tensile and Fracture Toughness Properties

4.3.1.2.1 Two samples from a forging or forging prolongations from each lot, sufficient to provide two test specimens for
each propdrty to be measured.

4.3.1.2.2 Location of tensile and fracture toughness specimens shall be as agreed upon by purthaser and producer. If
not defined by purchaser, producer shall select test specimens from¢the heaviest section and shall select
orientation fin the following order of preference: longitudinal or transyerse for tensile specimens and ST, TL, or
LT in accofldance with ASTM E399 for fracture toughness specimens.

4.3.1.2.3 If a Kq valde is invalid solely on the basis of either W-a is less than 2.5 (Kq/TYS)? or Pmax/PQ is greater than
1.10, and the thickest possible specimen has been used;\the Kg value may be usgd as Kic to satisfy the
requiremerts of 3.5.1.2. Kq values invalid on the basisCof criteria other than listed gbove (e.g., crack front
curvature, [etc.) shall not be used, but an additionalspecimen shall be tested for| each of these invalid
specimens

4.3.1.2.4 Tensile and fracture toughness properties shall be retested on forgings re-aged in accqrdance with 3.4.2.1.

4.3.1.3 Microstructure and Surface Contamination

One or more samples from each lot. Microstructural evaluations may be taken from any convenig¢nt location outside the

machined part envelopg for surface examination and from broken test specimens for general microptructure.

4.3.1.4 Beta Transug Determination

One sample each from|the top and‘bottom of an ingot produced from a heat or one sample from gach lot except that any

lot comprising a full ingpt shall.be"sampled on the top and bottom of the ingot.

4.3.2 For Periodic Tgsts

As agreed upon by purchaser and producer and as follows:

4.3.2.1 Photographs of the macrostructure and grain flow pattern shall be provided to purchaser.
4.4 Reports
4.4.1 The producer shall furnish with each shipment a report showing producer identity, country where the metal was

melted (e.g., final melt in the case of metal processed by multiple melting operations), the results of tests for
composition of each heat and for hydrogen content, tensile properties, and fracture toughness of each lot,
macrographs of grain flow (if required), micrographs of microstructure, results of surface contamination examination,
and beta transus temperature of each heat of forgings and state that the product conforms to the other technical
requirements. This report shall include the purchase order number, heat and lot number, AMS4984F, size, quantity,
heat-treat cycle, part number, and the size and melt source of stock used to make the forgings.
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