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RATIONALE
AMS 4988A results from a Five Year Review and update of this specification.
1. SCOPE
1.1 Form

This specification covefs a titanium alloy in the form of sheet, strip, and plate.

1.2 Application

treated condition and
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ARP982 Minimizing Stress-Corrosion Cracking in Wrought Titanium Alloy Products
2.2 ASTM Publications

Available from ASTM International, 100 Barr Harbor Drive, P.O. Box C700, West Conshohocken, PA 19428-2959,
Tel: 610-832-9585, www.astm.org.

ASTME 8 Tension Testing of Metallic Materials

ASTM E 112 Determining Average Grain Size

ASTM E 290 Bend Testing of Material for Ductility

ASTM E 384 Microindentation Hardness of Materials

ASTM E 1409 Determination of Oxygen and Nitrogen in Titanium and Titanium Alloys by the Inert Gas Fusion
Technique

ASTM E 1447 Betermination—of Hyu'lugt:ll f—Titantom—and—Fitaniom A”uyb Iuy the—tmerf Gas Fusion Thermal
Conductivity/Infrared Detection Method

ASTM E 1941 Determination of Carbon in Refractory and Reactive Metals and Theif?Alloys

ASTM E 2371 Analysis of Titanium and Titanium Alloys by Atomic Emission Plasma Spedtrometry

3. TECHNICAL REQUIREMENTS
3.1 Composition
Shall conform to the pgrcentages by weight shown in Table 1; carbon shall'be determined in accordance with

ASTM E 1941, hydrogén in accordance with ASTM E 1447, oxygen and qitrogen in accordance with ASTM E 1409, and

other elements in accofdance with ASTM E 2371. Other analytical methods may be used if acceptgble to the purchaser.

TABLE 1 - COMROSITION

Element min max

Aluminum 5.00 6.00

Vanadium 5.00 6.00

Tin 1.50 2.50

Iron 0.35 1.00

Copper 0.35 1.00

Oxygen -- 0.20

Carbon -- 0.05

Nitrogen -- 0.04 (400 ppm)
Hydrogen -- 0.015 (150 ppm)
Yttrium (3.9:4) -- 0.005 ( 50 ppm)
Other Elements, each (3.1.1) -- 0.10

Othef, Elements, total (3.1.1) -- 0.40

Titanium remainder

3.1.1  Determination not required for routine acceptance.

3.1.2 Check Analysis

Composition variations shall meet the applicable requirements of AMS 2249.

3.1.3 Sample size, when using ASTM E 1447, may be as large as 0.35 gram.

3.2 Melting Practice

3.2.1  Alloy shall be multiple melted. The final melting cycle shall be under vacuum. The first melt shall be made by
consumable electrode, nonconsumable electrode, electron beam cold hearth, or plasma arc cold hearth melting

practice. The subsequent melt or melts shall be made using vacuum arc remelting (VAR) practice with no alloy
additions permitted in the last vacuum arc remelt.
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absolute pressure not higher than 1000 mm of mercury.

3.2.1.1
3.2.1.2 The electrod
3.3 Condition

e tip for nonconsumable electrode melting shall be water-cooled copper.

The product shall be supplied in the following condition:

3.3.1

Sheet and Strip

The atmosphere for non-consumable electrode melting shall be vacuum or shall be argon and/or helium at an

Hot rolled, with or without subsequent cold reduction, solution heat treated, descaled, and leveled, having a surface

appearance comparab

3.3.2 Plate

Hot rolled, solution he
steel No. 1 finish (See
production of plate sto
plate.

3.4 Heat Treatment

€ 10 a commerclal COImosion-resistant steel NO. ZD TINIsn (See ©.95).

hted, and flattened, having a surface appearance comparable to-a’commer
8.2). Plate product shall be produced using standard industry- practices d
ck to the procured thickness. Bar, billet, forgings, or forging, stock shall no

The product shall be solution heat treated as follows; pyrometry shall be in accordance with AMS 2

3.4.1  Sheet, strip an
(843 to 927 °C
agitated water

3.5 Properties

Product shall conform

3.5.1 As Solution Hs

3.5.1.1 Tensile Prop
Shall be as specified i
0.007 inch/inch/minute
failure in approximate

d plate shall be solution heat treated by heating to a temperature within the
), holding at selected temperature within +25 °F (x 14 °C) for 2 to 60 min
Air cooling may be applied in thin material.

o the following requirements:

at Treated

erties

N Table 2, _determined in accordance with ASTM E 8 with the rate of strain

(0.003%t0 0.007 mm/mm/minute) through the yield strength and then incre
y oneradditional minute. When a dispute occurs between purchaser and

cial corrosion-resistant
esigned strictly for the
t be supplied in lieu of

F50:

range 1550 to 1700 °F
Iites, and quenching in

maintained at 0.003 to
hsed so as to produce
vendor over the yield

strength values, a refefee’ test shall be performed on a machine having a strain rate pacer;

using a rate of 0.005

inch/inch/minute (0.005 mm/mm/minute) through the yield strengih and a minimum cross head speed of 0.10 inch (2.5

mm) per minute above

the yield strength.

TABLE 2A - TENSILE PROPERTIES, INCH/POUND UNITS (SEE 8.2)

Tensile Yield Strength Elongation in

Strength at 0.2% Offset 2 Inches or 4D
Nominal Thickness Inch ksi ksi, max %, min
Up to 0.1875, excl (3.5.1.1.1) 160 10 (3.5.1.1.2)
TABLE 2B - TENSILE PROPERTIES, SI UNITS (SEE 8.2)
Tensile Yield Strength Elongation in
Nominal Thickness Strength at 0.2% Offset 50.8 mm or 4D
Millimeters MPa MPa, max %, min
Up t0 4.76, excl (3.5.1.1.1) 1103 10 (3.5.1.1.2)
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3.5.1.1.1  Spread between tensile strength and yield strength shall be 15 ksi (103 MPa) minimum.
3.5.1.1.2  For thickness under 0.025 inch (0.64 mm), elongation values shall be as agreed upon.
3.5.1.2 Bending

Product under 0.1875 inch (4.762 mm) in nominal thickness, shall have a test sample prepared nominally 0.750 inch
(19.06 mm) in width, with its axis of bending parallel to the direction of rolling. The sample shall be bend tested in
conformance with the guided bend test defined in ASTM E 290 through an angle of 105 degrees. The test fixture supports
shall have a contact radius 0.010 minimum, and the plunger shall have a radius equal to the bend factor shown in Table 3
times the nominal thickness. Examination of the bent sample shall show no evidence of cracking when examined at 15 to
25X magnification.

- ’ Q
I

AL DM EAATAOD
ADLEC o = DENU TAUTUIN

Nominal Thickness Nominal Thickness Bend
Inch Millimeters Factor
Up to 0.070, excl Upto 1.78, excl 4
0.070 to 0.1875, incl 1.78 t0 4.762, incl 45

3.5.1.3  Microstructufe

Shall be that structurg resulting from processing within the alpha-beta phase field. Microstrugture shall conform to
3.4.1.3.1 0r 3.4.1.3.2 (Pee 8.5).

3.5.1.3.1  Equiaxed and/or elongated primary alpha in a transformed beta matrix with no continugus network of alpha at
prior beta grain boundaries.

3.5.1.3.2 Essentially complete field of equiaxed and/or elongated alpha with or without intergrahular beta and with no
continuoug network of alpha at prior beta grain boundaries.

3.5.1.3.3 A microstryucture showing a continuous. network of alpha in prior beta grain boundaries |s not acceptable.
3.5.1.4  Surface Contamination

The product shall be friee of any oxygen-fich layer, such as alpha case, or other surface contamingtion, determined as in
any one of the following: 3.5.1.4.1, 3.5.1.4)2, 3.5.1.4.3, or other method acceptable to purchaser.

3.5.1.4.1 The bend {est of 3.5.14.2.

3.5.1.4.2 Microscop|c examination at 400X minimum.

3.5.1.4.3 Hardness Ldifference; a surface hardness more than 40 points higher than the |subsurface hardness,
determined in accordance with ASTM E 384 on the Knoop scale using a 200 gram load, being evidence of
unacceptable surface contamination.

3.5.1.5 Average Grain Size

Shall be ASTM No. 6 or finer determined by comparison of a polished and etched specimen with the chart in ASTM E
112.

3.5.2 Response to Heat Treatment
Product shall conform to the following requirements after being precipitation heat treated by heating to a temperature

within the range of 875 to 1150 °F (468 to 621 °C), holding at selected temperature within £15 °F (8 °C) for 2 to 10
hours, and cooling in air. Precipitation heat treatment shall precede final machining of specimens.
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3.56.2.1 Tensile Properties

Shall be as shown in Table 4, determined in accordance with ASTM E 8 with the rate of strain maintained at 0.003 to
0.007 inch/inch/minute (0.003 to 0.007 mm/mm/minute) 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 having a strain rate pacer, using a rate of 0.005 inch/inch/
minute (0.005 mm/mm/minute) through the yield strength and a minimum cross head speed of 0.10 inch (2.5 mm) per
minute above the yield strength.

TABLE 4A - MINIMUM TENSILE PROPERTIES (SEE 8.2)

Yield Strength Elongation
Nominal Thickness Tensile Strength at 0.2% Offset in 2in. or4D
Inches ksi ksi o
Up o 0.1875, incl 170 160 8 (6).(Seq 3.5.2.1.1)
0.1875to 1.500, excl 170 160 8
1.500 fo 2.500, excl 160 150 6
2.500 }o04.000, excl 150 140 6

TABLE 4B - MINIMUM TENSILE PROPERTIES, SI UNIS (SEE 8.2)

Yield Strength Elonigation
Nominal Thickness Tensile Strength at 072% Offset in 50.8 mm or 4D
Millimeters MPa MPa o
Uptp 4.76, incl 1172 1103 8 (6) (Se¢ 3.5.2.1.1)
4.76 o 38.10, excl 1172 1103 8
38.10 o 63.50, excl 1103 1034 6
63.50 to 101.60, excl 1034 965 6

3.5.2.1.1  Elongation value in parentheses is for transverse direction only.
3.6 Quality
The product, as received by purchaser, shall be uniform in quality and condition, sound, and free frpm “oil cans” (See 8.4)
of depth in excess of the flatness tolerances;:tipples, and foreign materials and from imperfections fetrimental to usage of
the product.
3.6.1  Ultrasonic Insgection

Plate 0.500 to 4.000 infh (12,#0:t0 101.60 mm) incl in nominal thickness shall meet Class A1 requifements of AMS 2631.

3.7 Tolerances

Shall conform to all applicable requirements of AMS 2242.

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
required 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

All technical requirements are acceptance tests and shall be performed on each heat or lot as applicable.
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