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2.2

3. TECHNICALR

3.1

SAE Publications:

Available from SAE, 400 Commonwealth Drive, Warrendale, PA 15096-0001 or www.sae.org.

AMS 2241

MAM 2241

Tolerances, Corrosion and Heat Resistant Steel, Iron Alloy, Titanium,

Alloy Bars and Wire

and Titanium

Tolerances, Metric, Corrosion and Heat Resistant Steel, Iron Alloy, Titanium, and

Titanium Allny Bars and Wire

AMS 2249
AMS 2750
AMS 2808
AMS 2809
AMS 7498
ARP982

ASTM Public

Available fron
www.astm.or

ASTME 3
ASTME 8
ASTM E 8M
ASTM E 120
ASTM E 338
ASTM E 399

ASTM E 1409 Determination of-Oxygen in Titanium and Titanium Alloys by the Iner

ASTM E 144]

Chemical Check Analysis Limits, Titanium and Titanium Alloys
Pyrometry

Identification, Forgings

Identification, Titanium and Titanium Alloy Wrought Produets
Rings, Flash Welded, Titanium and Titanium Alloys
Minimizing Stress-Corrosion Cracking in Wrought Titanium Alloy Pro

htions:

n ASTM, 100 Barr Harbor Drive, West Conshiehocken, PA 19428-295¢
.

Preparation of Metallographic Spegimens

Tension Testing of Metallic Materials

Tension Testing of Metallic Materials (Metric)

Chemical Analysis of Titaniim and Titanium Alloys
Sharp-Notch Tension Testing of High-Strength Sheet Materials
Plane-Strain Fracture Toughness of Metallic Materials

Technique
[ Determination -of Hydrogen in Titanium and Titanium Alloys by the In
Thermal Cenductivity Method

FQUIREMENTS:

ducts

) or

t Gas Fusion

ert Gas Fusion

Composition:

Shall conform to the percentages by weight shown in Table 1; oxygen shall be determined in
accordance with ASTM E 1409, hydrogen in accordance with ASTM E 1447, and other elements by
wet chemical methods in accordance with ASTM E 120, by spectrochemical methods, or by other
analytical methods acceptable to purchaser.
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TABLE 1 — Composition

Element min max

Aluminum 5.50 6.75

Vanadium 3.50 4.50

Iron -- 0.30

3Ay9¢|| = 626

Carbon -- 0.08

Nitrogen - 0.05 (500 ppm)
Hydrogen (3.1.1, 3.1.4) -- 0.0125 (125 ppm)
Yttrium (3.1.3) -- 0.005 .50 ppm)
Residual Elements, each (3.1.2)  -- 0.10

Residual Elements, total (3.1.2) -- 0:40

Titanium 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; no variation
over maximum will be permitted for yttrium:

3.1.4 When using ASTM E 1447 for hydragen determination, sample size may be as lagge as 0.35 gram.
3.2 Melting Pract|ce:

Alloy shall be|multiple melted; melting cycle(s) prior to final melting cycle shall be made using

consumable Tlectrode, nonconsumable electrode, electron beam, or plasma arc meglting practices.
The final mel{ing cycle shall be made under vacuum using consumable electrode practice with no
alloy additionp permitted.

3.2.1 The atmosptrereformorconsumable etectrode mettingsthatt-bevacuummorstrattbe argon and/or
helium at an absolute pressure not higher than 1000 mm of mercury.

3.2.2 The electrode tip for nonconsumable electrode melting shall be water-cooled copper.
3.3 Condition:
The product shall be supplied in the following condition:

3.3.1 Bars: Hot finished with or without subsequent cold reduction, solution heat treated, aged, and
descaled.
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3.3.2 Wire: Cold drawn, solution heat treated, aged, and descaled.

3.3.3 Forgings and Flash Welded Rings: Solution heat treated, aged, and descaled.

3.3.3.1 Flash welded rings shall not be supplied unless specified or permitted on purchaser's part
drawing. When supplied, rings shall be manufactured in accordance with AMS 7498.

3.3.4 Stock for F

3.4

3.5

3.5.1

3.5.1

3.5.1

3.5.1

3.5.1

.1 Tensile Properties: Shall be as shown in Table 2 for round, square, and hexagon

1.1 Tensile '\rnpnrfy regu lirements. apply inboth-the Inngih idinal and-transverse dir

1.2

1.3

manufacturer.
Heat Treatmgnt:

Bars, wire, fofgings, and flash welded rings shall be solution heat treated by heatin

2d ring

) in a suitable

atmosphere tp 1750 °F £ 25 (954 °C £ 14), holding at heat for 1 to 2 hours, and quer|ching in agitated

water, and aged by heating to a temperature within the range 900\to 1150 °F (482 to
temperature within £15 °F (8 °C) for 4 to 8 hours, and cooling in air|
nce with AMS 2750.

Properties:
The product ghall conform to the following requirements:

Bars, Wire,|Forgings, and Flash Welded Rings:

and flash welded rings, determined in accordance with ASTM E 8 or ASTM E 8|
strain maintained at 0.003 to-0;007 inch/inch/minute (0.003 to 0.007 mm/mm/mi
yield strepgth and then increased so as to produce failure in approximately one

621 °C), holding
Pyrometry shall

al bars, forgings,
/1 with the rate of
nute) through the
additional

minute. When a dispute occurs between purchaser and vendor over the yield sfrength values, a

referee test shall beperformed on a machine having a strain rate pacer using a
inch/inch/minute (0.005 mm/mm/minute) through the yield strength and a minim
speed of 0.10 inch per minute (0.04 mm/second) above the yield strength.

rate of 0.005
um cross head

ections, but tests

in the transverse direction are not required on product tested in the longitudinal direction.
Transverse tensile properties of Table 2 apply only to product from which a test specimen not

less than 2.50 inches (63.5 mm) in length can be obtained.

(3.18 mm) in nominal diameter.

Tensile properties for rectangles shall be as agreed upon by purchaser and vendor.

Yield strength and reduction of area requirements do not apply to wire under 0.125 inch
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TABLE 2A - Minimum Tensile Properties, Inch/Pound Units
Yield
Nominal Strength EIongation1 in EIongation1 in Reduction

Diameter or Distance Tensile at0.2% 2Inchesor4D 2 Inches or4D of Area
Between Parallel Sides Strength Offset % % %
Inches ksi ksi L T L
Up to (0.500, incl 165 155 10 - 20
Over 0.500 to (.625, incl 158 144 10 - 20
Over 0.625 to 1.000, incl 150 137 10 - 20
Over 1.000 to 1.500, incl 145 129 10 - 20
Over 1.500 to 2.000, incl 140 129 10 20
Over 2.000 to 3.000, incl 135 125 10 8 20
Over 3.000 to 4.000, incl 130 120 10 6 20

T Minimum elon

pation shall be 8%, longitudinal, and 6%, transverse, for all size forgin

TABLE 2B - Minimum Tensile Properties, S| Units

Yield
Nomingl Strength Elongation1 in EIongation1 in Reduction
Diameter or Distance Tensile at0.2% 50.8 mmor4D 50.8 mm or4pD of Area

Between Pargflel Sides Strength Offset % % %
Millimeters MPa Mpa L T L
Up to 12.70, incl 1138 1069 10 -- 20
Over 12.70 to 15.88, incl 1089 993 10 -- 20
Over 15.88 to 25.40, incl 1034 945 10 -- 20
Over 25.40 to $8.10yincl 1000 889 10 -- 20
Over 38.10 to $0.80, incl 965 889 10 -- 20
Over 50.80 to 76.20, Incl 931 862 10 8 20
Over 76.20 to 101.60, incl 896 827 10 6 20

T Minimum elongation shall be 8%, longitudinal, and 6%, transverse, for all size forgings.

3.5.1.2 Fracture Toughness Properties: When specified, the product shall be subjected to fracture
toughness testing. Method of test and standards for acceptance shall be as agreed upon by
purchaser and vendor. Recommended methods of test are ASTM E 338 for product under
0.500 inch (12.70 mm) in nominal section thickness and ASTM E 399 for product 0.500 inch
(12.70 mm) and over in nominal section thickness.
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3.5.1.3 Microstructure: Shall be that structure resulting from processing within the alpha-beta phase
field. Microstructure shall conform to 3.5.1.3.1 or 3.5.1.3.2.

3.5.1.3.1
network

3.5.1.3.2

of alpha at prior beta grain boundaries.

3.5.1.4 Surface Q
of any oxy

microscopic examination at not lower than 400X magnification or by ether meth
purchasel.

3.5.1.4.1 An oxyg

permittg

3.5.1.4.2 When p
have an
the forg

3.5.2 Forging Sto
specimens
when speci
3.4 conform
shall be acq

3.5.3 Stock for FlI

conform to
3.6 Quality:

The product,

ontamination: Except as specified in 3.5.1.4.1 and 3.5.1.4.2, the{prod
gen-rich layer, such as alpha case, or other surface contamination, d

en-rich layer (See 8.2) not greater than 0.001 inch{0.025 mm) in dep
d on bars other than rounds.

oxygen-rich layer provided such layer isremovable within the machin
ng or flash welded ring.

ck: When a sample of stock is forged to a test coupon and heat treate
aken from the heat treated cotipon shall conform to the requirements ¢
fied, 3.5.1.3, and 3.5.1.4. If specimens taken from the stock after heat
to the requirements of 3.5.1.1, 3.5.1.2 when specified, 3.5.1.3, and 3
epted as equivalent {o tests of a forged coupon.

hsh Welded Rings:Specimens taken from the stock after heat treatmg
he requirements of 3.5.1.1, 3.5.1.2 when specified, 3.5.1.3, and 3.5.1

ps.-received by purchaser, shall be uniform in quality and condition, so

Equiaxed and/or elongated primary alpha in a transformed beta matrix with no continuous

Essentially complete field of equiaxed and/or elongated alpha with or without intergranular beta
and withonocontinuous network of nlphn at Ihrinr heta grain houndaries

ict shall be free
btermined by
bd acceptable to

h will be

ermitted by purchaser, forgings and flash welded rings to be machined all over may

ng allowance on

d as in 3.4,

f3.5.1.1,3.5.1.2
treatment as in
5.1.4, the tests

nt as in 3.3 shall
4,

und, and free

from foreign n

3.6.1

aterials and from impnrfnr‘ﬁnne detrimental to usage of the prndlmf

general contour of the forgings showing no evidence of re-entrant grain flow.

3.7 Tolerances:

Grain flow of die forgings, except in areas which contain flash-line end grain, shall follow the

Bars and wire shall conform to all applicable requirements of AMS 2241 or MAM 2241.
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4. QUALITY ASSURANCE PROVISIONS:
4.1 Responsibility for Inspection:

The vendor of the product shall supply all samples for vendor's tests and shall be responsible for the
performance of all specified 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 Classification|of Tests:

4.2.1 Acceptancd Tests: The following requirements are acceptance tests andShall be performed on
each heat qgr lot as applicable.

4.2.1.1 Compositjon (3.1) of each heat.
4.2.1.2 Hydrogen content (3.1), tensile properties (3.5.1.1), fracture toughness (3.5.1.2) when specified,
microstrug¢ture (3.5.1.3), and surface contamination (3.5.1.4) of each lot of bars] wire, forgings,
and flash |welded rings.
4.2.1.3 Tolerancgs (3.7) of each lot of bars and wire,
4.2.2 Periodic Tegts: Ability of forging stock (3.5¢2) and stock for flash welded rings (3.5.3) to develop
required properties, and grain flow of die‘forgings (3.6.1) are periodic tests and shall be performed
at a frequency selected by the vendorunless frequency of testing is specified by purchaser.
4.3 Sampling and Testing:
Shall be in adcordance withithe following; a lot shall be all product of the same nominal size from the

same heat prpcessed at'the same time and solution heat treated and aged in the same heat treat
batch.

4.3.1 For Acceptarnce Tests:

4.3.1.1 Composition: One sample from each heat, except that for hydrogen determination one sample
from each lot obtained after thermal and chemical processing has been completed.

4.3.1.2 Tensile Properties: One or more sample(s) from bars, wire, and flash welded rings from each lot.
One longitudinal specimen from a forging from each lot from a section having maximum
thickness and from a section having minimum thickness.

4.3.1.2.1 Specimens from flash welded rings shall be cut from parent metal not including the
weld-heat-affected zone.
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4.3.1.3 Other Requirements: One or more specimens from each lot for microstructure and surface
contamination shall be prepared in accordance with ASTM E 3. Machined or centerless ground
bar to be used as forging stock need not be checked for surface contamination.

4.4

441

442

4.5

5. PREPARATION

5.1

5.2

5.2.1

Reports:

The vendor of bars, wire, forgings, and flash welded rings shall furnish with each shipment a report

showing th
and tensile
requiremen
4950A, spe
and the siz

The vendor
showing thg
each lot. Th
quantity.
Resampling &
If any specim
product may

nonconformir
cause for reje

Identification:
Shall be as fd

Bars and W

roperties of each lot, and stating that the product conforms to the oth
s. This report shall include the purchase order number, heat andAot n
ific aging heat treatment used, and quantity. If forgings, are supplied,
and melt source of stock used to make the forgings shall also be inc

of stock for forging or flash welded rings shall furnish with each shipm

 results of tests for chemical composition of each heat and for the hyd
is report shall include the purchase order number,“\heat number, AMS

nd Retesting:

en used in the above tests fails to.meet specified requirements, dispo
pbe based on the results of testing-three additional specimens for each
g specimen. Failure of any retest specimen to meet specified requirer

ction of the product represented. Results of all tests shall be reported

| FOR DELIVERY:

llows:

ire: In,accordance with AMS 2809.

accordance with AMS 2808

Irogen content
er technical
umbers, AMS
the part number
uded.

ent a report
rogen content of
1950A, size, and

sition of the
original
hents shall be

Forgings: Ir

Flash Welded Rings and Stock for Forging or Flash Welded Rings: As agreed upon by purchaser

and vendor.

Packaging:

The product shall be prepared for shipment in accordance with commercial practice and in
compliance with applicable rules and regulations pertaining to the handling, packaging, and
transportation of the product to ensure carrier acceptance and safe delivery.
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