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TITANIUM ALLOY BARS, FORGINGS, AND RINGS
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Duplex Annealed, Fracture Toughness
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1. SCOPE:

1.1 Form: [This specification covers a titanium alloy in the form ¢of bars,
forgingls, flash welded rings, and stock for forging or flash welded rings.

1.2 Application: Primarily for parts requiring strength.up to 750PF (400°C) and
racture toughness.

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

2.1 SAE Publlications: Available from SAE, 400 Commonwealth Drive,|Warrendale,

2.1.1 Aerogpace Material Specifications:

>

=

w

N

I

—
1

Tolerances, Corrosion and Heat Resistant Steel, Iron Alloy,

Titaniumyand Titanium Alloy Bars and Wire
AMS 2241 - Tolerances, Metric, Corrosion and Heat Resistant Steel, Iron
Alloys Titanium, and Titanium Alloy Bars and Wijre

AMS 4249 - Chemical Check Analysis Limits, Titanium and Titapium Alloys
AMS 2350 - Standards and Test Methods

AMS 4375 ~<Control of Forgings Requiring First Article Approyal

AMS 3808 <-/Identification, Forgings

AMS Identification, Titanium and Titanium Alloy Wrought Products

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 is entirely 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
by any means is strictly prohibited without the written consent of the publisher.

Copyright 1987 Society of Automotive Engineers, Inc.
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2.2 ASTM Publications: Available from American Society for Testing and
Materials, T9T6 Race Street, Philadelphia, PA 19103.

ASTM E8 - Tension Testing of Metallic Materials

ASTM E120 - Chemical Analysis of Titanium and Titanium Alloys
ASTM E146 - Chemical Analysis of Zirconium and Zirconium Alloys
ASTM E399 - Plane-Strain Fracture Toughness of Metallic Materials

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

2.3.1 Military Specifications:

MIL-H-8]200 - 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 Compositipn: Shall conform to the following percentages by weight; hydrogen
sﬁai| be fetermined in accordance with ASTME146, other elements |shall be

determinel by wet chemical methods in accordance with ASTM E120 dr by

spectrographic or other analytical methods approved by purchaser:

min max
Aluminum 5.50 - 6.50
Vanadjium 3.50 - 4.50
Iron -- 0.25
Oxygep -- 0.130
Carbop -- 0.08
Nitrogen -- 0.03 (300 ppm)
Hydrogen (3.}%1) --  0.0125 (125 |ppm)
Yttripm (3.1%2) -- 0,005 ( 50 (ppm)
Residhal E€lements, each (3.1.2) - 0.10
Residt:; Elements, total (3.1.2) - 0.40
Titank remainder |

3.1.1 Hydrogen content of forgings may be as high as 0.0150 (150 ppm).
3.1.2 Determination not required for routine acceptance.

3.1.3 Check Analysis: Composition variations shall meet the requirements of
AMS 2249,

3.2 Condition: The product shall be supplied in the following condition:

3.2.1 Bars: Hot finished with or without subsequent cold reduction, duplex
annealed, and descaled.

3.2.3 Forgings and Flash Welded Rings: Duplex annealed and descaled.
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3.2.3.1 FTlash welded rings shall not be supplied unless specified or permitted

on purchaser's part drawing. When supplied, they shall be manufactured
in accordance with AMS 7498,

3.2.4 Stock for Forging or Flash Welded Rings: As ordered by the forging or

tlash welded ring manutacturer,

3.3 Heat Treatment: Bars, forgings, and flash welded rings shall be duplex

annealed as tollows; furnace surveys and calibration of temperature
contro]lers and recorders sha]] be in accordance w1th MIL-H-81200 or an

accepta

the

bratio endor as meeting
1ntent of MIL~ H 81200

3.3.1 Solytion Anneal: Heat to a temperature within the range 50 - 100 F

(30] - 60 C) deg below the beta transus, hold at the(selected temperature
within +25°F (+15°C) for not less than 1 hr, and ¢ool in air.

3.3.1.1

B
+10°F (+5°C).

pta transus temperature shall be measuredWith an accurdcy of

3.3.2 Anngal: Reheat to a temperature within the range 1300° - 1400°F
T705” - 760°C), hold at the selected temperature within +2§°F (+15°C) for

not| 1ess than 1 hr, and cool in airs

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

3.4.1 Barp, Forgings, and Flash Welded Rings: Product 6.00 in. (150.0 mm) in

nomjinal diameter or distance between parallel sides shall have the
following properties; tensile and fracture toughness properties of product
over 6 in. (150.0 mm) in nominal diameter or distance between parallel

si

3.4.1.1

3.4.1.1.1

des shall be ascagreed upon by purchaser and vendor:

Tensile Properties: Shall be as specified in Table I, determined in

cordance/with ASTM E8 on specimens as in 4.3.1.2 with the rate of

rain maintained at 0.003 - 0,007 in./in. per min. (0.003 - 0.007 mm/mm
r min.) through the yield strength and then increased g0 as to produce
jluré in approximately one additional minute. When a dqispute occurs
tween purchaser and vendor over the yield strength values, a refereee
test shall be performed on a machine having a strain rate pacer, using a
rate of 0.005 in./in. per 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 strength.

T -HhT N

Tensile and yield strength properties apply in both the longitudinal
and transverse directions but tests in the transverse direction need
be made only on product from which a specimen not less than 2.50 in,
(62.5 mm) in length can be obtained. Tests in the longitudinal
direction are not required on product tested in the transverse
direction.
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3.4.1.1.2 Longitudinal requirements in Table I apply to specimens from bars
taken with the axis of the specimen approximately parallel to the
grain flow and to specimens taken in the circumferential direction
from flash welded rings.

3.4.1.2

3.4.1.2

3.4.1.3

3.4.1.4

3.4.1.4

3.4.1.4

3.4,2 Forging Stock:

Fracture Toughness:

Specimens as in 4.3.1.3 from bars and r

ings 0.50

in. {12.5 mm) and over in section thickness and forgings in all section
thicknesses, with prolongations if necessary, shall meet a minimum

fracture toughness Kjc or K

(75 MPaym).

not lTower than 70 ksi 7¥in.
Testing shall be in accordance with ASTM E399.

.1 Val
Iny
the
it

Q
103
sin
4.4

Micro

id Kyc values shall be determined in accordance with AS
alid plane strain fracture toughness (Kg) values are,va

y are the result of a single invalidity and exceed’the
acceptance criteria. Failure of both specimencthickne

/TYS)¢ and the ratio of the applied maximum load divide

d at the flow dimension (Pmax/P

gle invalidity. Any other inva?i

dity shall require ret

structure: Shall be essentially that structure resulti

alphg
shall
been
conti

Surfj

-beta processing. The specific.alpha plus beta microst

not be cause for rejection unless standards for accept

agreed upon by purchaser and vendor except that microst
nuous grain boundary alpha-will not be acceptable.

ce Contamination:

the |
or ot
not 1
purch

.1 An

in

.2 Wh

roduct shall be free of any oxygen-rich layer, such as
her surface contamination, determined by microscopic ex
ower than 100X magnification or other method agreed upo
aser and vendar,

oxygen-rich\‘Tayer (See 8.1) not greater than 0.001 in.
depth will be permitted on bars other than round.

wel

an pérmitted by purchaser, forgings and flash welded rin
maghined al1 over may have an oxygen-rich layer provided s
re ble withipt} hind 1 the forai F

ded ring.

When a sample of stock is forged to a test cou

3.4.3

1.10) shall)be treated

Except as permitted by 3.4.1.4.1 and

TM E399.

tid if
minimum

ss BL 2.5

d by the

as a

psting as in

ng from
ructure

ance have
ructure with

3.4.1.4.2,
alpha case
amination at
n by

(0.025 mm)

s to be
ch layer is
flash

pon and heat

treated as in 3.3, specimens taken from the heat treated coupon shall

conform to the requirements of 3.4.1.1 and 3.4.1.2.

If specim

ens taken

from the stock after heat treatment as in 3.3. conform to the requirements
of 3.4.1.1 and 3.4.1.2, the tests shall be accepted as equivalent to tests
of a forged coupon.

Stock for Flash Welded Rings:

A sample of stock heat treated

shall conform to the requirements of 3.4.1.1 and 3.4.1.2.

as in 3.3
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3.5 Quality:

3.5.1 Alloy shall be multiple melted; at least one of the melting cycles shall
be under vacuum. The first melt shall be made by consumable electrode,
nonconsumable electrode, electron beam, or plasma arc melting practice.
The subsequent melt or melts shall be made using consumable electrode
practice with no alloy additions permitted in the last consumable
electrode melt.

3.5.1.1 The atmosphere for nonconsumable electrode melting shall be vacuum or
shall be inert gas at a pressure not higher than 250 mm of mercury.

3.5.1.2 THe electrode tip for nonconsumable electrode melting shafll be
wdter-cooled copper.

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

3.6 Tolerdnces: Bars shall conform to to all applicable requirements of AMS
2287 dr MAM 2241,

4, QUALITY ASSURANCE PROVISIONS:

4.1 Responsibility for Inspection: The,vendor of the product shalll supply all
samplés for vendor's tests and shall be responsible for performing all
required tests. Results of such tests shall be reported to the purchaser as
required by 4.5. Purchaser reserves the right to sample and [to perform any
confirmatory testing deemed: necessary to ensure that the product conforms to
the requirements of this specification.

4.2 Classification of Tésts:

4.2.1 Accéptance Tests: Tests to determine conformance to the following
reqmirements are classifed as acceptance tests and shall bg performed on
each heat-or lot as applicable:

4.2.1.1 CTmposition (3.1) of each heat.

4.2.1.2 Hydrogen content (3.1), tensile properties (3.4.1.1), fracture toughness
(3.4.1.2), microstructure (3.4.1.3), and surface contamination (3.4.1.4)
of each 1ot of bars, forgings, and flash welded rings.

4,2.1.3 Tolerances (3.6) of each lot of bars.

4.2.2 Periodic Tests: Tests of forging stock (3.4.2) and stock for flash welded
rings (3.4.3) to demonstrate ability to develop required properties 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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4,2.3 Preproduction Tests:

Tests of forgings to determine conformance to all

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.

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 Sampling:
product ¢

time, and

4,3.1 For Acd

Shall be in accordance with the following; a lot shal
f the same nominal size from the same heat, processed a
duplex annealed as a heat treat batch:

eptance Tests:

4.3.1.1 Compg
deter]
chemi

4,3.1.2 Tensi

sition: One sample from each heat except)that for hydr
cal processing is completed.

le Properties: At least one sample from bars and flash

ringg
from
vendd

4.,3.1.2.1 Spe
ing

4,3.1.3 Fract

from each lot. The number, lecation, and orientation
each 1ot of forgings shall bé”as agreed upon by purchas
r.

cimens from flash welded rings shall be cut from parent
luding the weld-heat-affected zone.

ure Toughness: SSpecimen shall be as thick as practical

thick
shall
tough
forgi
prold

ness exceeds 1580 in. (37.5 mm) in which case 1.50 in.

be the minimum thickness. Orientation and number of f
ness specimens shall be as agreed upon by purchaser and
ng dimension is inadequate, or when specified by purcha

4,3.2 For Per

jodic Tests and Preproduction Tests: As agreed upon by

ngation representative of the forging shall be provided.

I be all
t the same

bgen

minations one sample from each lot, obtained after therpal and

welded
pf samples
ey and

metal not

except when
(37.5 mm)
racture
vendor. If
ser, a

purchaser

and vendor,

4.4 AEErovalz

When specified, approval and control of forgings shall be in
accordance with AMS 2375,
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4.5 Reports:

4.5.1

The vendor of bars, forgings, and flash welded rings shall furnish with
each shipment a report showing the results of tests for chemical
composition of each heat and for the hydrogen content, tensile properties,
and fracture toughness of each lot, and stating that the product conforms

to

the other technical requirements of this specification. This report

shall include the purchase order number, heat number, AMS 4931, size,
specific heat treatment used, and quantity. If forgings are supplied, the
part number and the size and melt source of stock used to make the
forgings shall also be included.

4.5.2 Th
ea
co
re
3

4,5,3 Th
sh
or
ma
th
th
ei
re

4.6 Resa

vendor of stock for forging or flash welded rings shal|l furnish with
h shipment a report showing the results of tests for)cChemical
position of each heat and for the hydrogen content’of epch lot. This
ort shall include the purchase order number, AMS 4931, heat number,
e, and quantity.

vendor of finished or semi-finished parts shall furnish with each
pment, a report showing the purchase ordér number, AMS #931, contractor
other direct supplier of material, part number, and quaptity. When
erial for making parts is produced or purchased by the parts vendor,
t vendor shall inspect each lot of’material to determine conformance to
requirements of this specification and shall include ip the report
her a statement that the material conforms or copies of| 1aboratory
orts showing the results ofitests to determine conformance.

pling and Retesting: Mith the exception of fracture toughness, if any

spec
disp
addi
any

reje
perm
for

5. PREPA

men used in the above tests fails to meet the specified requirements,
sition of the product may be based on the results of testing three
ional specimens<for each original nonconforming specimep. Failure of
etest specimen_to meet the specified requirements shall| be cause for
tion of the product represented and no additional testiing shall be
tted. Incsthe case of fracture toughness, a single retest is permitted
ny invakidity except as noted in 3.4.1.2.1.

ATION - FOR DELIVERY:

5.1 Iden

O < D W PN Tha 11 bha ddantifiod ac faollows:
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5.1.1 Bars: In accordance with AMS 2809 as applicable to bars.

5.1.2 Forgings: In accordance with AMS 2808.

5.1.3 Flash Welded Rings and Stock for Forging or Flash Welded Rings: As agreed

upon by purchaser and vendor.
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