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2.1 SAE Publications

Available from SAE International, 400 Commonwealth Drive, Warrendale, PA 15096-0001, Tel: 877-606-7323 (inside USA
and Canada) or +1 724-776-4970 (outside USA), www.sae.org.

AMS2241 Tolerances, Corrosion and Heat-Resistant Steel, Iron Alloy, Titanium, and Titanium Alloy Bars and Wire
AMS2249 Chemical Check Analysis Limits, Titanium and Titanium Alloys

AMS2368 Sampling and Testing of Wrought Titanium Raw Material Except Forgings and Forging Stock
AMS2631 Ultrasonic Inspection, Titanium and Titanium Alloy Bar and Billet

AMS2643 Structural Examination of Titanium Alloys, Chemical Etch Inspection

AMS2750 Pyromgtry

AMS2808 Identification Forgings

AMS2809 Identification, Titanium and Titanium Alloy Wrought Products

ARP982 Minimiging Stress-Corrosion Cracking in Wrought Titanium Alloy Rroducts

AS6279 Produgtion, Distribution, and Procurement of Metal Stock

2.2 ASTM Publications

Available from ASTM Igternational, 100 Barr Harbor Drive, P.O. BoxX*C700, West Conshohocken, PA 19428-2959, Tel: 610-
832-9585, www.astm.grg.

ASTM E8/E8BM Tension Testing of Metallic Materials

ASTM E1409 Dgtermination of Oxygen and . Nitrogen in Titanium and Titanium Alloys by| the Inert Gas Fusion
Technique

ASTM E1447 Ddtermination of Hydregen in Titanium and Titanium Alloys by the Inert| Gas Fusion Thermal
Cqanductivity/Infrared- Detection Method

ASTM E1941 Ddtermination,ef\€arbon in Refractory and Reactive Metals and Their Alloys by Combustion Analysis

ASTM E2371 Aralysis, ef:Titanium and Titanium Alloys by Direct Current Plasma and Indudtively Coupled Plasma

Atpmic Emission Spectrometry

3. TECHNICAL REQUHREMENTFS

3.1 Composition

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 E2371. Other analytical methods may be used if acceptable to the purchaser.
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Table 1 - Composition

Element min max
Vanadium 7.50 8.50
Chromium 5.50 6.50
Molybdenum 3.50 4.50
Zirconium 3.50 4.50
Aluminum 3.00 4.00
Iron -- 0.30
Oxygen -- 0.12
Carbon -- 0.05
Nitrogen -- 0.03 (300 ppm)
Hydrogen -- 0.020 (200 ppm)
Yttrium (3.1.1) -- 0.005 ( 50 ppm)
Other Elements, each (3.1.1) -- 0.10
Othel| Elements, total (3.1.1) -- 0.40
Titanium remainder
3.1.1 Determination hot required for routine acceptance.
3.1.2 Check Analysi$
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3.4 Heat Treatment

Bars and forgings shall be solution heat treated by heating to a temperature within the range 1450 to 1700 °F (788 to 927 °C),
holding at the selected temperature within £25 °F (14 °C) for a time commensurate with section thickness and the heating
equipment and procedure used, and water quenched (except that sections under 0.5 inch (12.7 mm) may be air cooled).
Pyrometry shall be in accordance with AMS2750.

3.5 Properties

3.5.1 Bars and Forgings as Solution Heat Treated

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

3.5.1.1.1 Tensile prpperty requirements apply in both the longitudinal and transverse.@irections. Transverse tensile
properties jof Table 2 apply only to product that a test specimen not less than-2.60 inches (63.5 mm) in length
can be obtpined.

3.5.1.1.2 Specimeng for the longitudinal requirements in Table 2 shall be taken*with the axis pf the specimen within
15 degree$ of parallel to the grain flow.

3.5.1.1.3 Yield strength and reduction of area requirements do not apply-{o‘product under 0.125 in¢h (3.18 mm) in nominal
diameter or least distance between parallel sides.

3.5.1.1.4 Values in brackets [ ] apply to the short transverse direction for short transverse dimgnsions of 3.00 inches
(76.2 mm) [or greater. When short transverse properties are determined, long transverse| properties do not need
to be determined.

Table 2 - Minimumtensile properties (see 8.2)

Nominal Piameter or Elongation in Reduction
Least Distgnce Between Tensile Yield Strength 2 Inches of Area
Parallel Sides Strength At 0.2% Offset (50.8 mm) or 4D, % %
Inch (mm) ksi (MPa) ksi (MPa) (3.5.1.1.4) (3.5.1.1.4)
Up to 1.50 ( [38.10), incl. 125 (861) 120 (827) 10 30
Over 1.50 ( [38.10) to 120 (827) 115 (793) 10 [8] 25 [20]

4.00 (101.60), inek;

3.5.1.1.5 Mechanicdl property requirements for product outside the size range covered by Table P shall be agreed upon
between plrehaser and producer.

3.5.1.2 Microstructure

Shall be uniform and essentially that structure resulting from beta processing. Microstructure shall not be cause for rejection
unless standards have been agreed upon by purchaser and producer.

3.5.1.3 Surface Contamination
Except as specified in 3.5.1.3.1, 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  When permitted by purchaser, product to be machined all over may have an oxygen-rich layer, provided such
layer is removable within the machining allowance on the product.


https://saenorm.com/api/?name=781b30fb0e62898b2636899f5ece4b5b

SAE INTERNATIONAL AMS6920C Page 5 of 8

3.5.1.4 Macrostructure

Product shall be uniform in quality and condition, homogenous, sound, and free from foreign materials and from internal
imperfections detrimental to fabrication or performance of parts.

3.5.2 After Precipitation Heat Treatment

Product shall conform to the following requirements after being precipitation heat treated by heating to 875 to 1150 °F
(468 to 624 °C), holding at the selected temperature within £15 °F (8 °C) for 2 to 30 hours and cooled in air to room
temperature. Precipitation heat treatment shall precede final machining of specimens. Pyrometry shall be in accordance
with AMS2750.

3.5.2.1 Tensile Properties
Shall be as shown in_Table 3, 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 inch/inch/minute
(0.002 mm/mm/minute) through the 0.2% offset yield strain.

Table 3 - Minimum tensile properties (see 8.2)

Nominal Diameter or Elongation in Reduction of
Least Distapce Between Tensile Yield Strength 2 Inches Area
Parallgl Sides Strength At 0.2% Offset (50.8 mm) or 4D, % %
Inch|(mm) ksi (MPa) ksi (MPa) (3.5.2.2) (3.5.2.2)
Up to 1.50 ( 38.10), incl. 190 (1310) 180 (1241) 8 15
Over 1.50 ( 38.10) to 180 (1241) 170 (1172) 8 [6] 15 [5]
3.00 ( 76.20), incl.

Over 3.00 ( 76.20) to 170 (1172) 160(1103) 8 [3] 15 [5]

4.00 (101.60), incl.

3.5.2.2 Values in brickets [ ] apply to the short transverse direction for short transverse diménsions of 3.00 inches
(76.2 mm) or greater.

3.5.2.3 Mechanical property requirements for product outside the size range covered by Table 3 shall be agreed upon
between purghaser and producer.

3.5.3 Forging Stock

When a sample of stodk is forged to"a‘test coupon and heat treated as in 3.4 and/or 3.5.2, specimgns taken from the heat
treated coupon shall cpnform to thé requirements of 3.5.1.1 and 3.5.2.1 respectively. If specimens taken from the stock
after heat treatment ap in 3.4°and/or conform to the requirements of 3.4 and/or 3.5.2, the testy shall be accepted as
equivalent to tests of afforged’coupon.

3.6 Quality

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

3.6.1 Ultrasonic Inspection

When specified, the product shall be ultrasonically inspected in accordance with AMS2631 and shall meet the quality
standards agreed upon between the purchaser and producer.

3.7 Tolerances
Bars shall conform to all applicable requirements of AMS2241.

3.8 Production, distribution, and procurement of metal stock shall comply with AS6279. This requirement becomes
effective September 1, 2016.
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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 the specified requirements.

4.2 Classification of Tests

4.2.1 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.

4.2.1.2 Hydrogen cgntent (3.1), tensile properties (3.5.1.1), tensile properties after precipitatign hardening (3.5.2.1),
microstructufe (3.5.1.2), surface contamination (3.5.1.3), and macrostructure (36174) of each lot of bars and
forgings.
4.2.1.3 When specifled (See 8.6), ultrasonic quality of each bar, forging or forging stock as requifed by 3.6.1.
4.2.1.4 Tolerances (B.7) of bars.
4.2.2 Periodic Tests

Ability of forging stock (3.5.2) to develop specified properties is a periodic test and shall be performed fat a frequency selected
by the producer unless|frequency of testing is specified by purchaser.

4.3 Sampling and Tgsting

Shall be in accordancg with AMS2368 and as follows; A-lot shall be all product of the same nomipal size from the same
heat processed at the $ame time.

4.3.1 For Acceptancg Tests
4.3.1.1 Composition

At least one sample from each heat,~except that for hydrogen determinations one sample from eagh lot obtained after all
thermal and chemical grocessing-is‘completed.

4.3.1.2 Tensile Properties

At least one Samp|e from=bars-from-each-lot-The nnmhnr, Inr\nfinn, and orientation of cnmploc from each lot of forgings
shall be as agreed upon by purchaser and producer.

4.3.1.3 Aspecimen at least 0.5 inch (12.7 mm) long by full cross-section from each end of the bars selected for sampling
shall be macrostructurally examined for conformance to the quality requirements. Unless otherwise specified,
macrostructural examination shall be performed in accordance with AMS2643. The number of bars selected for
examination shall not be less than the amounts shown in Table 4.

Table 4 - Number of bars selected for macrostructural examination

Number of Bars in Lot Number of Bars Selected
1 to 15 1
16 to 50 2
51 to 150 3
151 to 500 5

over 500 4 + amount shown above over 500
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