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1. SCOPE:
1.1 Form:
This spegification covers one type of titanium alloy plate in the
beta-annealed condition.
1.2 Applicatjon:
This plagte has been used typically for parts, in damage-tolerant,
stress-qorrosion-resistant applications reguiring strength up to 7%0 °F

(399 °C)

, but usage is not limited to such applications.
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2.1 SAE Publications:

Available from SAE, 400 Commonwealth Drive, Warrendale,

AMS 2242 Tolerances, Corrosion and Heat Resistant Steel, lron A

Titanium, and Titanium Alloy Sheet, Strip, and Plate

PA 15096-0001.

oy,

MAM 2242 Tolerances, Metric, Corrosion and Heat Resistant Steel, lron Alloy,
Titanium, and Titanium Alloy Sheet, Strip, and Plate
AMS 2249 Chemical Check Analysis Limits, Titanium and Titanium Alloys

AMS 2631 Ultrasonic Inspection, Titanium and Titanium Alloy Bar

AMS 27

50 Pyrometry

and Billet

AMS 28

2.2 ASTM P
Q)

Availa

ASTM E
ASTM E
ASTM E
ASTM E
ASTM E

ASTM E

2.3 U.S. Gq

Availab
Avenue

MIL-ST
MIL-ST

3. TECHNI
3.1 Composi

® Shall

09 Identification, Titanium and Titanium Alloy Wrought Pr

iblications:

ble from ASTM, 1916 Race Street, Philadelphia, PA~19103-1

8 Tension Testing of Metallic Materials

8M Tension Testing of Metallic Materials/ (Metric)

120 Chemical Analysis of Titanium and~Fitanium Alloys

399 Plane Strain Fracture Toughness.of Metallic Materia

1409 Determination of Oxygen in Titaofum and Titanium All
Inert Gas Fusion Technique

1447 Determination of Hydrogen «in' Titanium and Titanium
Inert Gas Fusion ThermalsConductivity Method

vernment Publications:

le fromDODSSP, SubscriptionServicesDesk, Building4D, 700Robbins
Philadelphia, PA 19111-5094.

D-105 Sampling PrQeedures and Tables for Inspection by At
D-163 Steel MiLI) Products, Preparation for Shipment and S

CAL REQUIREMENTS:
fion:

conform to the percentages by weight shown in Table 1, dets
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Alloys by the

Eributes
forage
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hnd
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1447, by spectrochemical methods, or by other analytical methods
acceptable to purchaser.
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3.1.

3.1.

3.2
®

3.3

3.4

3.4.

3.4.

TABLE 1 - Composition

Element Min Max
Aluminum 5.60 6.30
Vanadium 3.60 4.40
Iron - 0.25
Oxygen -- 0.12
Carbon -- 0.05
Nitrogen -- 0.03 (300 ppm)
Hydro e == 6-0125 (12~ ppm)
Yttrium -- 0.005  (50(ppm)
Residual Elements, each (3.1.1) - 0.10
Residual Elements, total (3.1.1) -- 0.40

Titanium remainder

1 Determijnation not required for routine acceptance.

2 Check Analysis: Composition variations shall meet the requirementg of
AMS 2249.

Melting Aractice:

Alloy shall be multiple melted. Melting cycle(s) prior to the final melting
cycle shall be made using consumablelelectrode, electron beam, or plasma arc
melting [practice(s). The final melting cycle shall be made under vacuum
using cgnsumable electrode practice with no alloy additions permitjted.
Condition:

Hot rollled, beta-annealed;, descaled, and flattened, having a surfdgce
appeararjce comparable to a commercial corrosion-resistant steel Nd. 1 finish
(see 8.7).
Beta-Anndaling:

Plate shall.be”beta-annealed by heating to the beta transus temperature
150 °F (428+°C),holding at the selected temperature within 25 °F|(zx14 °C)
for not i i i i 1 be

annealed by heating to 1350 °F+ 25 (732 °C 14j, holding at heat for not
less than two hours, and cooling in air. Pyrometry shall be in accordance
with AMS 2750.

1 Beta transus temperature shall be determined by any method approved by
purchaser.

2 Plate shall be held at temperature for sufficient time to ensure that the
most remote section (i.e., mid-thickness position in the center of the
plate) is at temperature for at least 30 minutes. Plate shall not be
stacked during annealing or air cooling.
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3.5 Properties:

Plate shall conform to the following requirements:

3.5.1 Tensile Properties: Shall be as specified in Table 2, determined in
accordance with ASTM E 8 or ASTM E 8M 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

machi inch/minute
(0.006 mm/mm/minute) through the yield strength and a minimum.ernoss-head
speed of 0.10 inch per minute (0.04 mm/s) above the yield stremngth.
TABLE 2A - Minimum Tensile Properties, Inch/Pound Units
Elohgation in
Tensile Yield ) Strength 2 Ipches or 4D
Nominal Thickness Strength at<0.2% Offset Long| and Trans.
Inches ksi ksi %
0.1875 to 0.500, incl 130 115 10.0
Over 0.500 to 1.000, incl 127 112 10.0
Over 1.000 to 2.000, incl 125 108 8.0
Over 2.000 to 4.000, incl 122 108 8.0
TABLE 2B - Minimum Tensile Properties, Sl Units
Elongation in
Tensile Yield Strength 50.8 mm or 4D
Nomingal Thickness Strength at 0.2% Offset Long. and Trans.
Millimeters MPa MPa %
4.72 to 12)70, incl 896 793 10.0
Over 12.7Q0 tos,°25.40, incl 876 772 10.0
Over 25.4Q to-50.80, incl 862 745 8.0
Over 50.8Q “to 101.60, incl 841 745 8.0

3.5.1.1 The results of tensile tests on each lot shall show a maximum difference
between the transverse and longitudinal directions of 6.00 ksi (41.4 MPa)

for

3.5.2 Fracture Toughness:

the tensile strength and the yield strength.

Plate 0.50 inch (12.7 mm) and over in _nominal

thickness shall meet a K,  or K, not lower than 85 ksi Jinch (93 MPaym),

determined in accordance with ASTM E 399 using the compact tension specimen
with the "W" dimension specified in Table 3; plate may be machined not more

than 0.010 inch (0.25 mm) on each face.
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TABLE 3 - Fracture Toughness, Specimen Dimension
Plate Thickness Plate Thickness W W
Inches mm Inches mm
0.500 to 1.000, incl 12.70 to 25.40, incl 5.0 127
Over 1.000 Over 25.40 3.0 76

3.5.2.1

3.5.2.2

3.5.2.3

3.5.2.4

Post-test Validity Verification for Specimen: In order to establish a

as

a vali ic value
ASTN E 399 shall be satisfied.

e, all 0 € validity
Otherwise, the value reportéed

Test Data: At the time of testing, the following data shall be re
he load-displacement test record:

Date

Specimen identification

Load scale calibration (pounds per inch/(kN/m) chart)
Maximum stress intensity (K, maximum)xduring final pre-cr
Displacement scale calibration (inch per inch (mm/mm) chart)
Loading rate in terms of K, in accordance with ASTM E 399
Po, pounds (kN)

Prax, pounds (kN)
Temperature
Relative humidity
Testing laboratory
Test machine
Operator

Reduction of Test Data: Test data shall be reduced as specified
E 399 to calculate & K, value and to determine if a valid Kic g
value has been measured. Tensile coupons shall be provided for

veriffication wherever fracture toughness coupons are called out.
chegking foryvalidity, the yield strength value used shall be

griteria of

shall be

corded

acking

in ASTM

roperty
alidity

n
the yield

strgngth, measured for the same plate from which the fracture toughness

imendwas taken. One or more transverse (T-L) tensile speci

nens taken

immgdiately adjacent to the location of the fracture toughness

specimen

H -
1S regtrea:

Invalid Test Results: If a value of K, js invalid solely on the basis of

either of the following criteria, (1) B <2.5(Ky/TYS)?, or

(2) Puax/Pe>1.10, then such value K; may be compared to the minimum level

specified in 3.5.2 for qualification purposes. Otherwise (i.

case of a Ky value invalid on the basis of other ASTM E 399 cr
e.g., crack front curvature, etc), a minimum of a single rete
required.

e., In the
iteria -
st shall be
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3.5.3 Stress-Corrosion Resistance: Plate shall be tested in the transverse (T-L)
direction to determine the Ks. value in accordance with 3.5.3.1. The

target value for Ky shall be 60.0 ksi yInch (66 MPa ym) until sufficient
data are available to permit establishing a required value.

3.5.3.1 Stress-Corrosion Resistance Testing: This testing procedure covers the

determination of fracture toughness for Ti-6A1-4V beta-processed plate in
an environment of 3.5% NaCl solution in distilled water.

3.5.3.1.1 List of Terms:

K = A stress intensity factor derived from fracture mectlanics

Hsy. = A stress intensity factor sustained at a specified level for
20 minutes in aqueous 3.5% NaCl

B = Specimen thickness

= Specimen width

h = Total crack lenth (sum of notch and-fatigue crack length)

3.5.3.1.2 Apparatus: Stress-corrosion test apparatus shall meet the requirements
of ASTM E 399 for compact tension ‘specimens with the additipn of a salt

wpter reservoir.

3.5.3.1.3 Tgst Specimen: Compact tensien specimens shall be prepared inf
arcordance with 3.5.2. The specimens shall be pre-cracked in
apcordance with ASTM E 399. Post-test examination shall be made to
epsure that the crack front (as pre-cracked) meets the critpria of ASTM
E

399.

3.5.3.1.4 T¢st Procedures:

3.5.3.1.4.1 [Calculate~the load required to develop Kg = 60 ksi yInch
(66 MPa_j/m)ing the calculations for compact tension specifens of
ASTM E"399.

3.5.3.1.4.2 Assemble a salt water reservoir enclosing the pre-cracked ayea. Fill
ip is

completely immersed.

3.5.3.1.4.3 Load the specimen to Ks = 60 ksi yInch (66 MPa/m z a load rate
in terms of K| in accordance with ASTM E 399. Hold the Ioad at K g
for 20 mlnutes If the specimen has not failed after 20 minutes at

Ke, raise the load at the same rate as used initially until
fracture.

3.5.3.1.4.4 Calculate K at fracture in accordance with ASTM E 399.
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3.5.5

3.5.6

3.6 Quality:

3.6.1

3.6.2

Microstructure: The microstructure shall be uniform and consist of
basketweave or Widmanstatten morphology and shall not contain primary or
equiaxed alpha phase. Prior beta grains exceeding 0.050 inch (1.27 mm) in
width or 0.100 inch (2.54 mm) in length shall constitute no more than 10%
of the micro structure when examined at 10 to 50X magnification. A prior

beta grain is a region of basketweave morphology that has transformed from
a single beta grain. One microstructural determination shall be made for
each lot. The specimen surface shall be parallel to the rolling direction
and perpendicular to the plate surface (transverse section). Examination
shall be made by traversing the entire thickness of the plate at 500X
magnification. Etching shall be by immersion in Kroll's etch (2%
hydroflluoric acid, 10% nitric acid, 88% water) for approximately.[l5 seconds
with a|water rinse followed by immersion in 0.5% hydrofluorievacjd solution
for 5 to 10 seconds. A photograph of the typical microstructure gt the
center| and both surfaces of the plate shall be taken at 200X magpification
and one photograph at 10 to 50X magnification showing réepresentative
microstructure.

Surface| Contamination: Plate shall be free of any-oxygen-rich laydgr, such
as alpha case, or other surface contamination, detérmined by microscopic
examinagion at 200X magnification on both place.faces.

Plate, as received by purchaser, shall be uniform in quality and cgndition,
sound, ahd free from "oil cans" of depth in excess of the flatness
tolerances, ripples, and foreign materials, and from imperfections
detrimengal to usage of the plate!

Acceptapce criteria shall bg in accordance with MIL-STD-105, Inspgction
Level |1, zero defective.

Plate 0.500 to 4.000_inches (12.70 to 101.60 mm), inclusive, in pominal
thicknegs shall meet\the Class Al requirements of AMS 2631. Instruments
shall b¢ adjustedsto ‘produce a difference in the height of indications from
2/64- and 3/64-ihch (0.8- and 1.2-mm) diameter holes in reference
standarfls. Disecontinuity indications (noise or hash) shall not exceed 60%
of the fresponse from a 3/64-inch (1.2-mm) flat-bottom hole for 0.5 to
1.0 inch (1277 to 25.4 mm) plate and 70% for 1.0 to 4.0 inch
(25.4 tp101.6 mm) plate.

3.7 Tolerances:

Shall conform to the following:

3.7.1 Thickness, Width, Length, and Straightness: All applicable requirements of

®

AMS 2242 or MAM 2242.

3.7.2 Flatness: Flatness tolerance for plate in all widths shall be as agreed

upon by purchaser and vendor.
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3.7.2.1 Flatness shall be determined from the expression 100H/L where "H" is the
distance from the straight edge to the plate at the point of greatest
separation and "L" is the distance between contact points of a straight
edge laid in any direction on the plate. Cold or hot (lower than 1250 °F

(67

7 °C) flattening of plate may be performed if the plate is

subsequently stress relieved by holding for 30 minutes at 1250 °F £+ 25
(677 °C £ 14).

4. QUALITY ASSURANCE PROVISIONS:
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Sampling and Testing:

1 Compgsition: One sample from each heat, except that for hydroge

dor of plate shall supply all samples for vendor®s tests)a
ible for performing all required tests. Purchaser reserve
le and to perform any confirmatory testing deemed pectessar

cation of Tests:

ed on each lot.

D

in accordance with the following; a lot shall be all plz:
ninal size from the same heat.processed at the same time.

bn determinations one sample from each lot obtained after 1
cal processing is completed.

e Properties: One\specimen in the longitudinal direction,
nen in the long-transverse direction, and, for plate over
D mm) in nominal thickness, one specimen in the short-tran

aser. Specimens shall be cut from the mid-thickness (mid-widt
-transverse specimens) of the plate.

4.3.
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lot.

4.3.

3 Fracﬁi

re\Toughness: Two specimens, one each obtained from differ

e plate conforms to the requirements of this specification.

nd shall be
5 the right
y to ensure

pr all technical requirements are acceptance tests and shalll be

te of the

n and

rhermal and

bne
P .500
sverse
approved by
n for

inches

ent

ions of the plate, tested in the transverse direction (T-L

D, from each

4 Stress-Corrosion Resistance: One specimen tested in the transverse

direction (T-L) from each lot, unless a statistical sampling plan is agreed

upon

4.3.
lot.

4.3.

5 Microstructure and Surface Contamination:

by purchaser and vendor.

6 Quality, Dimensions, and ldentification: Each plate.

One or more specimens from each
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