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TITANIUM ALLOY FORGINGS
10V - 2Fe - 3A1
Consumable Electrode Melted, Single Solution Heat Treated and Aged
180,000 psi (1240 MPa) Tensile Strength

1. SCOPE:

1.1 Form: | This specification covers a titanium alloy in the.form qf forgings
under [1.00 in. (25 mm) in nominal cross-sectional thickness and of forging
stock |

1.2 Applidqation: Primarily for parts in high stress.and stress-corrosion-
resistlant applications.

2. APPLICABLE DOCUMENTS: The following publications form a part of this
specification to the extent specified herein. The latest issue|of Aerospace
Materidl Specifications shall apply. The applicable issue of other documents
shall be as specified in AMS 2350.

2.1 SAE Pyblications: Available from—SAE, 400 Commonwealth Drive, |Warrendale,

2.1.1 Aergspace Material Specifications:

AMS 12249 - Chemical<«Check Analysis Limits, Titanium and Titagium Alloys
AMS (2350 - Standards and Test Methods
AMS [2375 - ControV of Forgings Requiring First Article Approyal
AMS [2808 - Identification, Forgings
2.2 ASTM Publications: Available from American Society for Testing andv
Materilals, ace Street, Philadelphia, PA 19103.
ASTM

ASTM E120 - Chemical Analysis of Titanium and Titanium Alloys

ASTM E146 - Chemical Analysis of Zirconium and Zirconium Alloys

ASTM E385 - Oxygen Content Using a 14-MeV Neutron Activation and
Direct-Counting Technique '

ASTM E399 - Plane-Strain Fracture Toughness of Metallic Materials

SAE Technical Board Rules provide that: *‘This report is published by SAE to advance the state of technical and
engineering sciences. The use of this report isentirely voluntary, and its applicability and suitability for any particular
use, including any patent infringement arising therefrom, is the sole responsibility of the user.”

AMS documents are protected under United States and international copyright laws. Reproduction of these documents

Printed in U.S.A.
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2.3 U.S. Government Publications: Available from Commanding Officer, Naval
PubTications and Forms Center, 5801 Tabor Avenue, Philadelphia, PA 19120.

2.3.1 Military Specifications:

MIL-H-81200 - Heat Treatment of Titanium and Titanium Alloys

2.3.2 Military Standards:

MIL-STD-163 - Steel Mill Products, Preparation for Shipment and Storage

3. TECHNICAL REQUIREMENTS:

3.1 Composifion: Shall conform to the following percentages by ‘weight:
min max
Vanadium 9.0 - 1]
Aluminum 2.6 3
Iron 1.6 2
Oxygen = 0
Carbon - 0
Nitrogen -- 0 (500 ppm
0 (150 ppm
0 ( 50 ppm

0

0

e

Hydrogen --
Yttrium (3.1.2) -
Residual Elements, each (3.1.2) --
Residual Elements, total (3.1.2) --
Titanium remainder

——

W—0O0OO0OO—~NA~O
[ Sy

[N oNal NS Ns, NIV

3.1.1 Hydrogen shall be determined in accordance with ASTM E146, oxygen shall be
/) determhined in accordance with ASTM E385, and other elements shall be
deterined by wet chemical methods in accordance with ASTM E12D or by
spectrographic or other analytical methods approved by purchasgr.

3.1.2 Determpinationm mot required for routine acceptance.

3.1.3 Check|Analysis: Composition variations shall meet the applicaple
requitements of AMS 2249.

3.2 Condition: The product shall be supplied in the following condition:
3.2.1 Forgings: Descaled, pickled, solution heat treated, and aged.

3.2.2 Forging Stock: As ordered by the forging manufacturer.

3.3 Heat Treatment:

3.3.1 Forgings shall be single solution heat treated by heating to a temperature
60 to 100 F (15 to 40 C) deg below the beta transus (See 8.2), holding at
heat for not less than 30 min., and cooling at a rate equivalent to an air
cool or faster; furnace surveys and calibration of temperature controllers
and recorders shall be in accordance with MIL-H-81200.
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3.3.1.1

3.3.2

3.3.2.1

Other solution heat treatments may be employed when agreed upon by
purchaser and vendor.

Aging Heat Treatment: Heat to a temperature within the range 900° - 950°F
1280° - 510°C), hold at the selected temperature within +10°F (+5°C) for
not less than 8 hr, and cool to room temperature.

If a Tot of forgings does not meet the minimum fracture toughness
requirement of 3.4.1.2, the 1ot of forgings may be re-aged within the
range 900° - 975°F (480° - 525°C) or held at heat for longer than

haourec
.......

3.4 Properties: The product shall conform to the following requirements:

3.4.1

3.4.1.1
g

3.4.1.2

Egrgings:

ensile Properties: Shall be as follows, detérmined in 4dccordance with
STM E8 w1tE the rate of strain maintained.at-0.003 - 0.0Q7 in./in. per
in. (0.003 - 0.007 mm/mm per min.) through“the yield strgngth and then
ncreased so as to produce failure in approximately one additional
inute. When a dispute occurs between purchaser and vendgr over the
ield strength values, a referee test shall be performed gn a machine
aving strain rate pacer, using arate of 0.005 in./in. pgr min.

0.005 mm/mm per min.) through the yield strength and a minimum cross
head speed of 0.10 in. (2.5 mm) per min. above the yield gtrength.

b |

—~ T e 3

Tlensile requirements apply in both the longitudinal and transverse
directions but tests in the’transverse direction need be made only on
florgings from which a specimen not less than 2.50 in. (62{5 mm) in

llength can be taken; tests in the longitudinal direction gre not

rlequired on forgings tested in the transverse direction.

Tensile Strength, min 180,000 psi (1240 MPa)

Yield Strength-at 0.2% Offset, min 160,000 psi (1105 MPa)
Blongation,in 4D, min 4%

Reductiom ef Area, min Shall be reported ¢xcept when flat

sheet type specimens are used

Hracture Toughness: Kic shall be not lower than 40 ksi

(44 MPa Vm), determined in accordance with ASTM E399 for all specimen
orientations.
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3.4.1.2.1 Test Data: At time of testing, the following data shall be recorded

on the Toad-displacement test record:

Date

Specimen identification
Specimen orientation

Load scale calibration
Displacement scale calibration
Loading rate in terms of K; in accordance with ASTM E 399
PQ

Pmax

Tesfing Taboratory

Test machine

Operator

3.4.1.2.2 Reduction of Test Data:
ASTHM E399 to calculate a K
vallie has been measured. ?e
valjdity verification wherever fracture toughness coupons ar
spe¢ified.
sha]l be yield strength measured for the:same forging from w
fragture toughness specimen was obtainéd. Not less than one
spe¢imen taken immediately adjacent.to’the location of the f
toughness specimen is required. Fracture planes of tensile
spe¢imen shall be in the same direction.

value and to determinélif a vali

3.4.1.3 Microy
beta,
cause

and veé

ptructure: Shall consist. ©f primary alpha in a matrix of
determined at 500X magnification. Microstructure shall
for rejection unless standards have been agreed upon by
ndor.

Macros
sectig

3.4.1.4 tructure and Grain Flow: The grain flow pattern of macr
ns taken from designated areas of a forging during initi
evalugtion shall.generally conform to the part shape. If area
designated by purchaser, two sections shall be taken normal to
parting line.in areas having the greatest section variation.
standgrds<are not established, photomacrographs of acceptable

macrogtructure of a forging from the first production Tot shal

Test data shall be reduced<in accorldance with

K1c

nsile coupons shallCbe provided [for

In checking for validity, the yield strength value used

ich the
tensile
racture
and Kyc

aged
hot be
burchaser

petch
1

5 are not

the
[ f

be used

as th

3.4.1.5 Surface Contamination:
such as alpha case, or other surface contamination, determined

microscopic examination.

3.4.1.6 Beta Transus Determination:
determined by any method approved by purchaser.
readouts shall be calibrated to an accuracy of +5°F (+3°C).

transus accuracy shall be +10°F (+5°C).

tceptable.

Forgings shall be free of any oxygen-rich layer,

by

The beta transus temperature shall be
Thermal controls and
Beta
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3.4.2
¢

Forging Stock: When a sample of stock is forged to a test coupon and heat
treated as in 3.3, specimens taken from the heat treated coupon shall
conform to the requirements of 3.4.1.1. If specimens taken from the stock
after heat treatment as in 3.3 conform to the requirements of 3.4.1.1 the
tests shall be accepted as equivalent to tests of a forged coupon.

3.5 Quality:

3.5.1
¢

3.5.1.1

P
3.5.1.2 The electrode tip for non-consumable electrode melting shalll be
W

4. QUALITY ASSURANCE PROVISIONS:

Alloy shall be multiple metled; at Teast one of the melting cycles shall
be under vacuum. The first melt shall be made by consumable electrode,
non ing practice.
The| subsequent melt or melts shall be made using consumabléyelectrode
pragtice with no alloy additions permitted in the last consumable
electrode melt.

Tpe melting atmosphere shall be vacuum or shall be inert g
ressure not higher than 250 mm of mercury.

s at a

ater-cooled copper.

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

Grafin flow of die forgings, except in areas which contain flpsh-1ine end
grajn, shall follow the general contour of the forgings, shojing no
evigence of re-entrant flows

4.1 Respopsibility for _Inspection: The vendor of the product shalll supply all

@ samples for vendor®s tests and shall be reponsible for performfing all
requited tests. S Results of such tests shall be reported to the purchaser as
required by 4:2.  Purchaser reserves the right to sample and tp perform any
confimmatory.testing deemed necessary to ensure that the produft conforms to

th
4.2 (1

e requirements of this specification.

ass f3¥pradion ~nf Toacde
rrFea viIrvil Ul TV LI .

4.2.1
9

Acceptance Tests: Tests to determine conformance to requirements for

composition (3.1), tensile properties (3.4.1.1), fracture toughness
(3.4.1.2), microstructure (3.4.1.3), surface contamination (3.4.1.5), and
beta-transus temperature (3.4.1.6) are classified as acceptance tests and
shall be performed on each heat or lot as applicable.

Periodic Tests: Tests of forging stock to demonstrate ability to meet

specified requirements (3.4.2) are classified as periodic tests and shall
be performed at a frequency selected by the vendor unless frequency of
testing is specified by purchaser,
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.2.3 Prepro

duction Tests:

Tests of forgings to determine conformance to ail

applicable technical requirements of this specification when AMS 2375 is
specified are classified as preproduction tests and shall be performed
prior to or on the first article shipment of a forging to a purchaser,
when a change in material, processing, or both requires reapproval as in
4.4, and when purchaser deems confirmatory testing to be required.

purchaser, vendor shall select test specimens from the heay
tion and shall select orientation in the following ordey
transverse or longitudinal for tensile specime
L, or L-T_dn accordance with ASTM E399 for fracture tougt

3.1.2.3
v

cr
co

4.3.1.2.4
fo

4.3.1.3 Micr

ference:

cimens.

a Ko ovalue is invalid solely on the basis of either B is
or Ppax/PQ is greater than 1.10, the Kq
> A )

an.2.5 (KQ/TYS)2

ack front curvature, etc) shall not be used.
nducted on additional forgings.

rgings re-aged in accordance with 3.3.2.1.

ostructure and Surface Contamination:

lot.

4.2.3.1 For direct U.S. Military procurement of forgings, substantiating test
data and, when requested, preproduction forgings shall be submitted to
the cognizant agency as directed by the procuring activity, the
contracting officer, or the request for procurement.

4.3 Samplingt Shall be not less than the following; a lot shall,be a1 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 vendor's
inspectipn at one time.

4,3.1 For Acfeptance Tests:

4.3.1.1 Comppsition: One sample from each ingot except that for hydrjogen

detefminations one sample from each lotj obtained after thermal and
chemjcal processing is completed.

4.3.1.2 Tensfile and Fracture Toughness Properties:

4.3.1.2.1 Twp samples from a forging.op forging prolongations from edch Tot.

4.3.1.2.2 Location and orientation-of tensile and facture toughness gpecimens

shlall be as agreed upor’ by purchaser and vendor. If not dgfined by

jest
of
ns and S-T,
ness

less

2. K

values invalid on the basis of criteria other than listed above (e.g.,
Retests shall be

Tensile and fracture toughness properties shall be retested on

At least one sample from each

Microstructural evaluations may be taken from any convenient
location outside the machined part envelope for surface examination and
from broken tensile specimens for general microstructure.
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