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'~ AEROSPACE 	 AMS 4981A ~ 
"~ 	 MATERIAL °"" 	 Su ersedin AMS 4981 

Society of Automotive Engineers. Inc. S P EC I FICATI O N ~ssued 11-15-72 

100 GOMMONW<ALTM 01~W[. WARR[NDAL[. rA. /60~~ 	 Revised 4-1-51 

UNS R56260 
TITANIUM ALLOY BARS AND FORGINGS 

6.OA1- 2.OSn - 4.OZr - 6.OMo 

Solution and Precipitation Heat Treated 

1. SCOPE: 

1.1 Form : This specification covers a titanium alloy in the form of bars , wire , forgings , and 
forging stock. 

1.2 Application: Primarily for parts requiring high strength up to 1000°F (540°C). 

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

2.1 SAE Publications: Available from Society of Automotive Engineers, Inc. , 400 Commonwealth 
Drive, Warrendale, PA 15096. 

2.1.1 Aerospace Material Specifications : 

AMS 2241 - Tolerances , Corrosion and Heat Resistant Steel , Iron Alloy , Titanium , 
and Titanium Alloy Bars and Wire 

AMS 2249 - Chemical Check Analysis Limits, Titanium and Titanium Alloys 
AMS 2350 - Standards and Test Methods 
AMS 2375 - Control of Forgings Requiring First Article Approval 
AMS 2808 - Identification, Forgings 

2.2 ASTM Publications: Available from American Society for Testing and Materials, 1916 Race 
Street , Philadelphia , PA 19103. 

ASTM E8 - Tension Testing of Nletallic Materials 
ASTM E18 - Rockwell Hardness and Rockwell Superficial Hardness of Metallic Materials 
ASTM E21 - Elevated Temperature Tension Tests of Metallic Materials 
ASTM E120 - Chemical Analysis of Titanium and Titanium Alloys 
ASTM E139- Conducting Creep, Creep-Rupture, and Stress-Rupture Tests of Metallic 

Materials 
ASTM E292 - Conducting Time-for-Rupture Notch Tension Tests of 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 Federal Standards : 

Federal Test Method Standard No. 151 - Metals; Test Methods 

2. 3. 2 Military Standards : 

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

Copyright 1981 by Society of Automotive Engineers, tnc. 
	 Printed in U.S.A. 

All rights reserved. 
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3. TECHNICAL REQUIREMENTS: 

3.1 Composition: Shall conform to the following percentages by weight, determined by wet chemical 
~ methods in accordance with ASTM E120, by spectrographic methods in accordance with Federal 

Test Method Standard No. 151, Method 112, or by other analytical methods approved by pur- 
chaser: 

min 	max 

Aluminum 5.50 - 6.50 
Zirconium 3.50 - 4.50 
Tin 1.~5 - 2.25 
Molybdenum 5.50 - 6.50 
Iron -- 0.15 
Oxygen -- 0.15 
Carbon -- 0.04 
Nitrogen -- 0. 04 ( 400 ppm ) 
Hydrogen ( 3.1.1) -- 0. 0125 (125 ppm ) 
Yttrium -- 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 'L249. 

3. 2 Condition : The product shall be supplied in the following condition : 

3.2.1 Bars: Hot finished, solution and precipitation heat treated, and descaled. 

3.2.2 Wire: Cold drawn, solution and precipitation heat treated, and descaled. 

3.2.3 Forgings: Solution and precipitation heat treated and descaled. 

3.2.4 Forging Stock: As ordered by the forging manufacturer. 

3.3 Heat Treatment: Bars and forgings with section thickness 0.50 in. (12.5 mm) and over shall be 
solution heat treated by heating in a suitable atmosphere to 1500° - 1675°F (815° - 915°C), holding 
at the selected temperature within ± 25°F (± 15°C) for not less than 1 hr, and cooling, at a rate 
equivalent to air cool or faster, and precipitation heat treated by heating to 1100°F ± 15 
(595°C ± 8), holding at heat for 4- 8 hr, and cooling in air. Heat treatment for section 
thicknesses under 0.50 in. (12.5 mm) shall be as agreed upon by purchaser and vendor. 

I~ 3. 3.1 Water-quenching from the solution heat treatment temperature is prohibited. 

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

3.4.1 Bars, Wire, and Forgings: 

3. 4.1.1 Tensile Properties : 

~ ~ 

` ~ 

~ 	~ 
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3.4.1.1.1 At Room Temperature: Shall be as specified in Table I, determined in accordance with 
ASTM E8 with the rate of strain maintained at 0.003 - 0.007 in, per in. per min. (0.003 - 
0. 007 (mm /mm )/min. ) through the yield strength and then increased so as to produce 
failure in approximately one additional minute. When a dispute occurs between purchaser 
and vendor over the yield strength values, a referee test shall be performed on a machine 
havin g a strain rate pacer , usin g a rate of 0. 005 in . per in . per min .( 0. 005 (mm /mm )/ 
min. ) through the yield strength and a minimum cross head speed of 0.10 in. (2.5 mm) per 
min. above the yield strength. 

TABLE I 

F.longation Reduction 
Nominal Diameter or Distance Tensile Yield Strength in 2 in. or 4D of area 

Between Parallel Sides Strength at 0.2$ Offset $, min % 	min Form Inches psi, min psi, min L 	T L~ T 

Forgings Up to 3. 000, incl 170, 000 160, 000 10 	8 20 15 

Bars and Wire LJp to 2. 500, incl 170, 000 160, 000 10 	8 20 15 

Bars Over 2. 500 to 3. 000, incl 165, 000 155, 000 8 	6 15 12 

Bars and 
Forgings Over 3. 000 to 4. 000, incl 160, 000 150, 000 8 	6 15 12 

TABLE I(SI) 
Elongation Reduction 

Nominal Diameter or Distance Tensile Yield Strength in 50 mm or 4D of area 
Between Parallel Sides Strength at 0.2% Offset o, min $, min Form Millimetres MPa, min MPa, min L 	T L 	T 

Forgings Up to 75.00, incl 1172 1103 10 	8 20 	15 

Bars and Wire Up to 62.50, incl 1172 1103 10 	8 20 	15 

Bars Over 62.50 to 	75.00, incl 1138 1069 8 	6 15 	12 

Bars and 
Forgings 	Over 75.00 to 100.00, incl 	1103 	1U34 	8 	6 	15 	12 

3. 4.1.1. 2 At 800°F ( 427°C ): The product shall meet the requirements of Table II , determined in 
accordance with ASTM E21; specimens shall be heated to 800°r ± 5(427°C ± 3), held 
at heat for 20 - 30 min. before testing, and tested at 800°F ± 5(427°C ± 3) using strain 
rates as specified in 3.4.1.1.1. 

TABLE II 

Nominal Diameter or Distance Tensile Yield Strength Elongation Reduction 
Between Parallel Sides Strength at 0.2$ Offset in 2 in. or 4D of. area 

Form Inches psi, min psi, min $, min a, min 

All Up to 4.000, incl 135,000 105,000 10 30 

TABLE II (SI) 

Nominal Diameter or Distance Tensile Yield Strength Elongation Reduction 
Between Parallel Sides Strength at 0.2$ Offset in 50 mm or 4D of area 

Form Millimetres I~]Pa, min MPa, min $, min $, min 

All Up to 100.00, incl 931 ?24 10 30 
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3.4.1.1.3 Tensile properties for bars over 4.000 in. (100.00 mm) in nominal diameter or distance be- 
tween parallel sides and for forgings having any section with thickness over 4.000 in. 
(100. 00 mm ) at time of heat treatment shall be as agreed upon by purchaser and vendor. 

3.4.1.1.4 Yield strength and reduction of area requirements do not apply to wire under 0.125 in. 
(3.18 mm) in nominal diameter. 

0 3.4.1.1.5 Tensile tests in the longitudinal direction of product over 2-1/2 in. ( 6F mm) in nominal 
diameter or section thickness are not required if tests are made in the transverse direction. 

3. 4.1. 2 Hardness : Shall be 33 - 45 HRC or equivalent , determined in accordance with ASTM E18. 

3.4.1.3 Room-Temperature Notched Stress-Rupture: The product shall meet 'the following require- 
ments; tests shall be conducted in accordance with ASTM E292: 

3.4.1.3.1 A test specimen machined to the dimensions shown in Fig. 1 and Table III, maintained at 
room temperature while a load sufficient to produce an initial axial stress of 190,000 psi 
(1310 MPa) is applied continuously shall not rupture in less than 5 hours. The initial stress 
may be less than 190,000 psi (1310 MPa) and increased to 190,000 psi (1310 MPa), based on 
the initial diameter at root of notch, in increments of 10,000 psi (69 MPa) at intervals of not 
less than 5 hours. 

3.4.1.4 Creep Test at 800°F (427°C): The product shall meet the following requirements; tests shall be 
conducted in accordance with ASTM E139: 

3.4.1.4.1 A smooth tensile test specimen shall be maintained at 800°F ± 5(427°C ± 3) under continuous 
applied axial stress of 95,000 psi (655 MPa). Time to 0.2 o plastic deformation shall be not 

~ 	less than 35 hours. If plastic deformation is less than 0. 2 o after 35 hr, the test may be dis- 
continued; the amount of plastic deformation in 35 hr shall be reported. Gauge dimensions 
of specimen and technique used to measure creep shall be as agreed upon by purchaser and 
vendor. 

3.4.1.5 Microstructure: Shall be essentially that resulting from alpha-beta processing. The specific 
0 	alpha plus beta microstructure shall not be cause for rejection unless standards have been 

agreed upon by purchaser and vendor. Microstructure of forgings shall be cause for rejection 
if any area of the forging exhibits an all-transformed beta microstructure. 

3.4.1.6 Surface Contamination: The product shali be free of any oxygen-enriched layer, such as alpha 
0 	case , or other surface contamination , determined by microscopic examination . 

3.4.1.6.1 When permitted by purchaser, forgings to be machined all over may have an oxygen-rich 
9 	layer provided such layer is removable within the machining allowance on the forgings. 

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 coupon shall conform to the requirements of 3.4.1.1.1 and 3.4.1.2. If 
specimens taken from the stock after heat treatment as in 3. 3 conform to the requirements of 
3.4.1.1.1 and 3.4.1.2, the tests shall be accepted as equivalent to tests of a forged coupon. 

3. 5 Quality : 

3.5.1 Alloy shall be produced by multiple melting using consumable electrode practice. The final 
0 	melting cycle shall be under vacuum. 

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

the product. 

~ ~ 

~ ~ 

. . 
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3.6 Tolerances: Unless otherwise specified, tolerances for bars and wire shall conform to all applicablel 
requirements of AMS 2241. 

4. QUALITY ASSURANCE PROVISIONS: 

4.1 Responsibility for Inspection : The vendor of the product shall supply all samples for vendor's 
~ ~ ests 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 such confirmatory testing as he deems necessary to ensure that the product conforms to 
the requirements of this specification. 

4. 2 Classification of Tests : 

4. 2. 1 Acceptance Tests : Tests to determine conformance to the following requirements are classified 
~ 	as acceptance tests and shall be performed on each heat or lot as applicable: 

4. 2. 1.1 Composition ( 3.1) of the product. 

4.2.1.2 Room-temperature tensile properties (3.4.1.1.1), hardness (3.4.1.2), microstructure 
0 	(3.4.1.5), and surface contamination (3.4.1.6) of each lot of bars, wire, and forgings. 

4.2.1.3 Tolerances (3.6) of bars and wire. 

4.2.2 Periodic Tests: Tests to determine conformance to the following requirements are classified as 
0 	periodic tests and shall be performed at a frequency selected by the vendor unless frequency 

of testing is specified by purchaser: 

4.2.2.1 Tensile properties at 800°F (427°C) (3.4.1.1.2), room-temperature notched stress-rupture 
properties (3.4.1.3), and creep properties at 800°F (427°C) (3.4.1.4) of bars, wire, and 
for gin gs . 

4.2.2.2 Ability of forging stock to develop required properties (3.4.2). 

4. 2. 3 Preproduction Tests : Tests of forgings to determine conformance to all technical requirements 
g 	of this specification when AMS 2375 is specified are classified as preproduction tests and shall 

be performed on the first-article shipment of a forging to a purchaser, when a change in material 
or processing 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 request- 
0 	ed , preproduction forgings shall be submitted to the cognizant agency as directed by the 

procuring agency, the contracting officer, or the request for procurement. 

4.3 Sampling: Shall be in accordance with the following; a lot shall be all product of the same nominal 
size from the same heat processed at the same time : 

4.3.1 For Acceptance Tests: 

4. 3.1.1 Composition : One sample from each heat except that for hydrogen determinations one sample 
Q 	from each lot obtained after thermal and chemical processing is completed. 

4.3.1:2 Tensile Properties: At least one sample from bars and wire from each lot. The number, lo- 
cation, and orientation of samples from each lot of forgings shall be as agreed upon by pur- 
chaser and vendor. 

4.3.1.3 Other Requirements: As agreed upon by purchaser and vendor. 

4.3.2 For Periodic Tests and Preproduction Tests: As agreed upon by purchaser and vendor. 
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4.4 Approval: When specified, approval and control of forgings shall be in accordance with AMS 2375 

4.5 Reports: 

4.5.1 The vendor of the product shall furnish with each shipment three copies of a report showing the 
results of tests for chemical composition of each heat and the results of tests on each lot to de- 
termine conformance to the hydrogen and tensile property requirements and, when performed, 
to the periodic test requirements, 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 4981A, specific solution heat treatment temperature used, size, and quantity from 
each heat. 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 The vendor of finished or semi-finished parts shall furnish with each shipment three copies of 
a report showing the purchase order number, AMS 4981A, contractor or other direct supplier 
of material, part number, and qua~ntity. When material for making parts is produced or pur- 
chased by the parts vendor, that vendor shall inspect each lot of material to determine confor- 
mance to the requirements of this specification, and shall include in the report a statement that 
the material conforms, or shall include copies of laboratory reports showing the results of tests 
to determine conformance. 

4.6 Resampling and Retesting: If any specimen used in the above tests fails to meet the specified 
requirements, disposition of the product may be based on the results of testing three additional 
specimens for each original nonconforming specimen. Failure of any retest specimen to meet the 
specified requirements shall be cause for rejection of the product represented and no additional 
testing shall be permitted. Results of all tests shall be reported. 

5. PREPARATION FOR DELIVERY : 

5.1 Identification ; The product shall be identified as follows : 

5.1.1 Bars and Wire: 

5.1.1.1 Each straight bar over 0. 500 in .(12. 5 mm) in nominal diameter or least width of flat surface 
shall be marked in a row of characters recurring ai intervals not greater than 3 ft (900 mm) 
with AMS 4981A, heat number, and manufacturer's identification. The characters shall be of 
such size as to be legible, shall be applied using a suitable marking fluid whose residue 
shali contain not more than traces of halogen-bearing compounds, and shall be removable in 
hot alkaline cleaning solution without rubbing. The markings shall have no deleterious effect 
on the product or its performance and shall be sufficiently stable to withstand normal 
handlin g . 

5.1.1.2 Straight bars and wire 0.500 in. (12.5 mm) and under in nominal diameter or least width of 
flat surface shall be securely bundled and identified by a durable tag marked with the pur- 
chase order number, AMS 4981A, heat number, nominal size, and manufacturer's identification 
and attached to each bundle or shall be boxed and the box marked with the same information. 

5.1.1.3 Coiled bars and wire shall be securely bundled and identified by a durable tag marked with 
the purchase order number, AMS 4981A, heat number, nominal size, and manufacturer's 
identification and attached to each coil or shall be boxed and the box marked with the same 
information . 

5.1.2 Forgings: In accordance with AMS 2808. 

5.1.3 Forging Stock: As agreed upon by purchaser and vendor. 

. 

. , 
~ ~ 

5.2 Packaging: 

SAENORM.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 am
s4

98
1a

https://saenorm.com/api/?name=9da505c2cfe80c80772f918a291ea169


- 7 - 	 I AMS 4981A 
5.2.1 The product shall be prepared for shipment in accordance with commercial practice and in com- 

0 	pliance with applicable rules and regulations pertaining to the handling, packaging, and trans- 
portation of the product to ensure carrier aceeptance and safe delivery. Packaging shall con- 
form to carrier rules and regulations applicable to the mode of transportation. 

5.2.2 For direct U.S. Military procurement, packaging shall be in accordance with MIL-STD-163, 
0 	Level A or .Level C, as specified in the request for procurement. Commercial packaging as in 

5.2.1 will be acceptable if it meets the requirements of Level C. 

6. ACKNOWLEDGMENT: A vendor shall mention this specification r~umber and its revision letter in all 
quotations and when acknowledging purchase orders. 

7. REJECTIONS: Material not conforming to this specification or to modifications authorized by 
purchaser will be subject to rejection. 	 . 

8. NOTES: 

8.1 Marginal Indicia: The phi (0) symbol is used to indicate technical changes from the previous issue 
of this specification. 

8.2 For direct U.S. Military procurement, purchase documents should specify not less than the 
followin g : 

Title , number , and date of this specification 
Form and size or part number of product desired 
Quantity of product desired 
Microstructure standards for acceptance (See 3.4.1.5) 
Applicable level of packaging (See 5.2.2). 

~ , 
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