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AMS-T-9046
TYPE MATERIAL ALLOY CONDITION gggg@%ﬁ%ﬁﬁ
DESIGNATION
CP-1 70 ksi Yield Strength AMS 4901
Commercially Pure CP-2 Commercially |55 ksi Yield Strength AMS 4900
Titanium CP-3 Pure 40 ksi Yield Strength AMS 4902
CP-4 25 ksi Yield Strength AMS 4940
A-1 5Al-2.55n Annealed AMS 4910
Alpha Titanifim A-2 5Al-2.55n (ELI) Annealed AMS 4909
Alloys A4 SAL1Mo-1V Annealed AMS 4915
Duplex Annealed AMS 4916
Annealed AMS 4911
AB-1 B6Al-4V Solution Treated AMS 4903
STA AMS 4904
. AB-2 B6Al-4V (ELI) Annrealed AMS 4907
A'pha"?f"ta Titgnium Annealed AMS 4918
ove AB-3 B6Al-8V-25n Selution Treated AMS 4988
STA AMS 4990
AB-4 6Al-25n-4/Zr-2Mo}” Duplex Annealed AMS 4919
AB-5 3Al-2.5\ Annealed AMS 4989
B-1 13V-14Cr-3Al Solution Treated AMS 4917
Beta Titanium plloys

B-3 3AI-8VfZCrr—4Mo- Solution Treated AMS 4939

FIGURE 1 — ALLOYS AND.TEMPERS WITH SUPERCEDING AMS SPECIFJCATIONS

AMS-T1:9046
TYPE MATERIAL ALLOY CONDITION SPECTICATION
DESIGNATION
A'phﬂg?”'””“ A-3 6AI-2Cb-1Ta-0.8Mo Annealed NONE
Alpha-Beta AB-4 BAl-25n-4Zr-2M Triplex Annealed NONE
Titanium Alloy AB-6 8Mn Annealed AMS 4908 (Noncurrent)
B-1 13V-11Cr-3Al STA NONE
ST NONE
B-2 11.5Mo-6Zr-4.55n STA (1000) NONE
Beta Titanium STA (925) NONE
Alloys B3 SARBVELr-alle STA ASTM B265 Grade 20

ST NONE
B-4 8Mo-8V-2Fe-3Al STA (1100) NONE
STA (1000) NONE

FIGURE 2 — ALLOYS AND TEMPERS WITHOUT SUPERCEDING SPECIFICATIONS

2.
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NOTICE

This document was originally taken directly from U.S. Military Specification MIL-T-9046J, Amendment 2,
and contained only minor editorial and format changes required to bring it into conformance with the
publishing requirements of SAE technical standards. The initial release of this document was intended
to replace MIL-T-9046J, Amendment 2. Revisions made to the document since the original publication
are intended to conform to current industrial practice.

The original Military Specification was adopted as an SAE standard under the provisions of the SAE
Technical Standgrds Board (TSB) Rules and Regulations (TSB 001) pertaining to accelerated adoption
of government specifications and standards. TSB rules provide for (a) the publi¢ation gf portions of
unrevised govermment specifications and standards without consensus voting-at'the SAE Committee
level, and (b) thg use of the existing government specification or standard format.

Under Department of Defense policies and procedures, any qualification requirements and associated
qualified productg lists are mandatory for DOD contracts. Any requirement relating to qpalified products
lists (QPL’s) has[not been adopted by SAE and is not part of thiSSSAE technical document.
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1. SCOPE:

1.1

1.2

1.2.1

Scope:

This specification covers aircraft quality titanium and titanium alloy metal sheet, strip and plate

products.

Classificatior:

Products shgll be of the following compositions and conditions, as specified-(see 6.8.1, 6.6 and

Tables | and

Compositig

X):

n:

Commercially pure titanium (CP)

Code designation

CP-1
CP-2
CP-3
CP-4

Yield strength
minimum, ksi 1/

70.0
55.0
40.0
25.0

Alpha titanium alloys (A)

Code designation

A-1
A-2
A-3
A-4

Composition

5A1-2.5Sn

5A1-2.5Sn (ELI) 2/

6AI-2Cb-1Ta-0.8Mo
8AI-1Mo-1V

Alpha-beta titanium aitoys (AB)

Code designation

AB-1
AB-2
AB-3
AB-4
AB-5
AB-6

Composition

B6AlI-4V

6AI-4V (ELI)
6Al-6V-2Sn
6Al-2Sn-4Zr-2Mo
3Al-2.5V

8Mn
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Beta titanium alloys (B)

Code designation Composition
B-1 13V-11Cr-3Al
B-2 11.5Mo0-6Zr-4.5Sn
B-3 3AI-8V-6Cr-4Mo-4Zr
B-4 8Mo-8V-2Fe-3Al

1/ 1.0 ksi £ 1000 psi
2/ ELI means “extra low interstitials.”

1.2.2 Condition:

Code Description (treatment)
A Annealed

DA Duplex annealed

TA Triplex annealed

ST Solution treated

STA Solution treated and aged.

(When-multiple STA conditions are
specified herein for a given alloy,
as in table 1V, the applicable aging
temperature shall be added in
parentheses as a suffix.)

2. APPLICABLE POCUMENTS:

The following publicationss.of the issue in effect on date of invitation for bids or request for proposal,
form a part of this specification to the extent specified herein.

21 U.S. Governrlnent Publications:

Available from DODSSP, Subscription Services Desk, Building 4D, 700 Robbins Avenue,
Philadelphia, PA 19111-5094 (See 6.8).

FED-STD-151 Metals, Test Methods

MIL-STD-105 Sampling Procedures and Tables for Inspection by Attributes

MIL-STD-129  Marking for Shipment and Storage

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

MIL-STD-410 Nondestructive Testing Personnel Qualification and Certification (Eddy Current,
Liquid Penetrant, Magnetic Particle, Radiographic and Ultrasonic)
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2.2

2.3

24

SAE Publications:

Available from SAE, 400 Commonwealth Drive, Warrendale, PA 15096-0001.

AMS 2242

AMS 2249
AMS 2631

Tolerances - Corrosion and Heat Resistant Steel and Iron Base Alloy
Plate and Titanium and Titanium Alloy Sheet, Strip and Plate
Chemical Check Analysis Limits - Titanium and Titanium Alloys
Ultrasonic Inspection of Titanium Alloys

Sheet, Strip and

ARP982A
AMS-H-8120

ASTM Publig

Minimizing Stress Corrosion in Wrought Heat Treatable Titanium@AHo

0 Heat Treatment of Titanium and Titanium Alloys

ations:

Available from ASTM, 100 Barr Harbor Drive, West Conshohocken,PA 19428-295

ASTM A 480

ASTME 8

ASTM E 120
ASTM E 290
ASTM E 144

Order of preq

In the event ¢
of this specifi

3. REQUIREMEN

3.1

3.11

Material:

Commercis

General Requirements for Flat-Rolled Stainless and Heat Resisting §
Plate, Sheet and Strip
Tension Testing of Metallic Materials
Titanium and Titanium-Base Alloys, Chemical Analysis of
Semi-Guided Bend Test for Ductility:of Metallic Materials

/ Determination of Hydrogen in Titanium and Titanium Alloys by the In
Thermal Conductivity Technique

edence:

f a conflict between.the text of the specification and the references cite
cation shall take.precedence.

TS:

Ily pure alloys: The material shall be produced by either electron bean]

yS

D.

bteels in Form of

brt Gas Fusion

1 herein, the text

melting or by

multiple melting under vacuum or inert atmosphere.

3.1.2 Alpha alloys, alpha-beta alloys and beta alloys: The material shall be produced by multiple melting.

3.1.3 Melting controls:

3.1.3.1

Multiple melting: The first melt and any intermediate melts shall be made by consumable

electrode, non-consumable electrode, electron beam melting or other vacuum melting process,
or the plasma arc melting process with the final melt being by consumable electrode arc melting
under vacuum or inert atmosphere with no alloy additions made in the last consumable electrode

melt.
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3.1.3.2 Non-consumable electrode melting: The atmosphere shall be vacuum or inert gas at a pressure
not higher than 250 mm of mercury. The electrode tip for nonconsumable electrode melting shall
be watercooled copper.

3.2 Finish:

3.2.1 Sheet and strip: Sheet and strip shall have a surface finish comparable to corrosion resisting steel

number 2D finish in accordance with ASTM A 480. Product shall be free of surface contamination

by oxygen

3.2.2

Plate: Unle

resisting st
contaminat

3.3 Chemical composition:

The chemica

3.3.1

Check ana

3.4 Tensile propdg

3.4.1

Commercis

3.4.2 Alpha-beta

alpha case), hydrogen, nitrogen or other such harmful contaminants.
5s otherwise specified, plate shall have a surface finish comparable to

el number 1 finish in accordance with ASTM A 480. Product‘shall be
on by oxygen (alpha case), hydrogen, nitrogen or other su¢h"harmful ¢

| composition, as determined by heat or lot analysis, shall be as specifi
ysis: Chemical composition variations shall meet the requirements of A
rties:
lly pure and alpha-titanium alloys: Tensile properties shall conform to T

titanium alloys: Tensile propéerties shall conform to Table Il for the con

corrosion
free of surface
ontaminants.

jed in Table |I.

\MS 2249.

[able Il.

dition ordered.

3.4.2.1 Property capabilities: Any spetified property capability shall be demonstrated when specified
(see 6.3.1).
3.4.2.1.1 Solution treated and-aged: Except for composition 6Al-2Sn-4Zr-2Mo, productq supplied in the
annealed conditjori.shall be capable of meeting the solution treated (ST) and solution treated
and aged (STA)tensile properties specified in table Ill, when heat treated to th¢se conditions in
accordance with AMS-H-81200.
3.4.2.1.2 Aged: olution treated

and aged (STA) tensile properties, when aged to this condition in accordance with
AMS-H-81200.

3.4.2.2 Composition 6Al-2Sn-4Zr-2Mo (AB-4):

3.4.2.2.1 Property capability: Any specified property capability shall be demonstrated when specified
(see 6.3.1).
3.4.2.2.1.1 Triplex annealed: Sheet and strip supplied in the duplex annealed (DA) condition shall meet

the triplex annealed (TA) tensile properties, when heat treated to this condition in accordance
with AMS-H-81200.
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3.4.2.2.1.2 Duplex annealed: Plate supplied in the annealed (A) condition shall meet the duplex
annealed (DA) tensile properties, when heat treated to this condition in accordance with

AMS-

H-81200.

3.4.2.3 Composition 6Al-4V (AB-1):

3.4.2.3.1

Property capability - sheet, strip and plate: Sheet, strip and plate supplied in the annealed

conditign shall meet the minimum tensile properties of Condition A, Table Ill,-g
a temperature of 718° + 14°C (1325° + 25°F) for a period of 20 + 2 minutes)s
be followed by cooling in air. After temperature exposure and cooling, aminim
shall bg removed from all surfaces of the sample prior to testing. Sufficient mg
removed so as to insure compliance of the sample with the requirements of 3.

Prope

3.4.3 Beta titaniu

3.4.3.1 Property
condition
when agq
demonsti

3.5 Bending:

Sheet and st
transverse b¢
factor” times
magnificatior
bends where

3.6 Heat treatme)

capability shall be demonstrated when specified (see6.38.1).
m alloys: Tensile properties shall conform to Table 1V for the condition

capability - solution treated and aged: Products*supplied in the solution
shall meet the solution treated and aged (STA) tensile properties spec
d to this condition in accordance with AMS-H-81200. Property capabi
ated when specified (see 6.3.1).

[ip products supplied in thelannealed or solution treated condition shall
ending at room temperature to an angle of 105-degrees on a radius eq
the nominal product thickness without evidence of cracking when exan
. Bend factors shall*be as specified in Table V. Transverse bending s
the centerline of the bend is parallel to the principal rolling direction of

nt:

Products shdll be hieat treated in accordance with AMS-H-81200.

fter exposure to
ich exposure to
Um of 0.001 inch
hterial shall be
2.1 and 3.2.2.

brdered.

treated (ST)
fied in Table IV,
ity shall be

withstand

Lial to the “bend
hined at 20X
hall consist of
the product.

3.7 Ultrasonic q

3.71

atity”

Alpha and alpha-beta titanium plate: Unless otherwise specified (see 6.3.1), alpha and alpha-beta

titanium plate, 0.500 to 4.000 inches thick, shall meet the Class A1 requirements of AMS 2631.

3.7.2

Commercially pure and beta titanium alloy plate: When specified (see 6.3.1), commercially pure

and beta titanium alloy plate shall meet ultrasonic quality standards agreed upon by the acquiring
activity and producer (see 6.3.1).
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3.8

3.9

3.9.1

3.9.2 Flatness:

Microstructure:

Except for 6Al-2Cb-1Ta-0.8Mo plate and the beta titanium alloys, the microstructure of products
supplied in accordance with this specification shall be representative of final processing below the
beta transus. Microstructure shall not be cause for rejection unless the products show definite non-
conformance to the requirement of processing below the beta transus or to micrograph standards
agreed upon by the acquiring activity and the contractor.

Dimensional folerances:

Unless otherwise specified (see 6.3.1), dimensional tolerances shall conform 1o thg following
requirements.

Length, straightness, thickness, and width: Tolerances for these dimensions shall|conform to
AMS 2242,

3.9.2.1 Sheet ang strip tolerance: Flatness tolerances for sheet and strip shall conform to Table VI,

except thpt these tolerances shall not apply to coiled products.

3.9.2.2 Single and duplex annealed plate tolerance; Flatness tolerances for single and duplex annealed

3.10

3.1

plate shall conform to Table VII. Unless otherwise specified (see 6.2.1), flatness tolerances for
plate in Qonditions ST and STA shall bé\twice the values specified in Table VII.

Identification|of product:

Shall be in agordance with AMS:2809.
Workmanship:
The product ghall be uniform in quality and condition, free from harmful alloy segreggtion and surface

contamination by ©xygen, nitrogen or other contaminant and foreign material. It shall be clean,

sound, smooth; and free from cracks, seams, grind marks and other defects detriantaI to the
fabrication or pnrfnrmanr*n of parfe

4. QUALITY ASSURANCE PROVISIONS:

41

Responsibility for inspection:

Unless otherwise specified in the contract or purchase order, the contractor is responsible for the
performance of all inspection requirements as specified herein. Except as otherwise specified in the
contract or purchase order, the contractor may use his own or any other facilities suitable for the
performance of the inspection requirements specified herein, unless disapproved by the purchaser.
The purchaser reserves the right to perform any of the inspections set forth in the specification where
such inspections are deemed necessary to assure supplies and services conform to prescribed
requirements.
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4.2 Classification of inspection:

The inspection specified herein is classified as quality conformance inspection.

4.3 Quality conformance inspection:

The quality conformance inspection shall consist of all the inspections and tests specified herein.

4.3.1

4.3.11

4.3.1.2 Procedur

4.4 Methods of i

441

442

443

4.4.4

4441

Sampling:

Inspectio
thickness

requirem

Visual exar
examined f
requiremen

Microstruct]
required to
selected in
200X to 25
(see 3.11) 1
contaminat

Dimensionj
shall be me
tolerances

Ultrasonic i

n lot: A lot shall consist of all sheet, strip or plate of the same heat, con
processed at the same time.

e: Sampling procedure for each heat or lot for determining’conformanc
bnts of this specification shall conform to Table VIII.

spection and test:

hination: Samples of products selected in accordance with Table VIl s
pr conformance to the identification (se€(3.10) and workmanship (see
ts.

ure examination: One polished and etched metallographic specimen, @
cover the product thicknessfrom center to surface, shall be prepared fr

DX for conformance to the’ microstructure (see 3.8) and freedom from &
equirements and at a magnification of 100X to 200X for freedom from
on by oxygen (alpha case) and other harmful contaminants as specifig

| inspectionsSamples selected in accordance with Table VIII for dimen
asured fer.conformance with the specified dimensions (see 6.3.1) and
see 3:9).requirements.

nspection: Unless the ultrasonic quality requirement is waived by the g

dition, size and

e to the

hall be visually

3.11)

ras many as
bm each sample

accordance with Table VHI.-The specimens shall be examined at a magnification of

lloy segregation
surface
din 3.11.

sional inspection
dimensional

cquiring activity

(see 6.2.1),

each plate, U.oUU Inches and over In thickness, shall be Inspected In

ccordance with

AMS 2631 for conformance to the ultrasonic quality requirements of 3.7 through 3.7.2, as
applicable. Ultrasonically inspected products shall be identified as agreed upon by the acquiring

activity and

producer (see 6.3.1).

Inspection personnel: Ultrasonic inspection shall be performed only by personnel qualified and
certified in accordance with MIL-STD-410.

445 Packaging: Each shipment shall be inspected for conformance to the packing and marking
requirements specified in 3.10 and Section 5.

-10 -
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446

4.4.61

447

4471

44.7.2

44.7.3

448

Chemical analysis: Conformance with the chemical composition requirements shall be determined
either by heat or lot analysis of samples selected in accordance with Table VIII using ASTM E 120
methods for chemical analysis or FED-STD-151, Method 112.2, for spectrochemical analysis.
Hydrogen shall be analyzed by the hot extraction method specified in ASTM E 1447 and shall be
determined on each lot as shipped. Other analytical methods may be used with the written
approval of the acquiring activity.

Referee method: In case of a dispute, the results of chemical analysis by the ASTM E 120
method shall govern.

Tension tegts: Conformance to the mechanical property requirements shallbe determined by
testing at Igast two specimens (one longitudinal and one transverse) in thie“condition ordered (see
6.2.1) from|each sample selected in accordance with Table VIII, except.that transyerse specimens
are not required for strips under 9-inches wide. In addition, an equal’quantity of §pecimens shall
be aged and tested to determine conformance to the Condition.STA tensile properties as specified
in 3.4.2.1.2and 3.4.3.1 when material is supplied in the solution treated (ST) condition. Tension
tests shall be accomplished in accordance with the following provisions.

Tension gpecimen configuration: The tension specimens shall conform to the foljlowing
configurations in accordance with ASTM E 8:

a. For product thickness up to 0.375 inch, standard “sheet-type” rectangular tension specimens
shall be used.

b. For product thickness equal toor-greater than 0.375 inch, substandard roungd tension
specimens with a 0.250 inch diameter reduced test section shall be used.

Tension gpecimen preparation: Unless the lot consists of only one unit, not more than one
specimer) per grain direction per test condition shall be taken from each sample| Longitudinal
specimer)s shall be prepared in such a manner that the longitudinal axis of the gpecimen is
parallel tg the prineipal rolling direction of the sample. Transverse specimens shall be prepared
in such ajmannerithat the longitudinal axis of the specimen is perpendicular to the principal
rolling direction_ef the sample.

Tension testmethod: Tension tests shall be accomplished in accordance with ASTM E 8, except
that the rate of strain shall be 0.003 to 0.007 inch/inch per minute through the yield strength and
then is increased so as to produce failure in approximately one additional minute. In case of
dispute, the results of referee tension tests performed on a tensile machine having a strain pacer
and using a strain rate of 0.005 in/in per min. through the yield strength and a minimum
crosshead speed of 0.10 inch per minute above the yield strength shall govern.

Bend tests: Conformance to the sheet and strip transverse bending requirements shall be
determined by testing at least two full-thickness specimens from each lot. Two separate bends
shall be made on each specimen so that each surface is tested in tension. Specimens and test
methods shall conform to the following provisions.

-11 -
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4.4.81

4.4.8.2

4.4.8.2

4.4.8.2

4.4.8.2

4.5 Rejection an

4.5.1

452
4521

.1 V-block

.2 U-Char

.3  Free-bs

Bend specimens: Full thickness specimens by one inch wide shall be taken from the test
samples selected in accordance with Table VIII. The length dimension shall be perpendicular to
the principal rolling direction of the sample. Whenever possible, each specimen shall be long
enough to permit two separate bends in accordance with 4.4.8, otherwise, the minimum quantity
of specimens stipulated in 4.4.8 shall be doubled to permit testing both surfaces of each sample
sheet or strip.

Bend test methods: Bend tests shall conform to the V-block, U-channel or free-bend test method.

In case o

shall bd
shall bd
specim

specim

and, after removal from the fixture and allowing for springback, the angle shal

greater

Rejection:
for rejection
in the case

Retests: At

Flat prod
lot. Four
applicabl
cause for

f dispute, the results of bend tests using the V-block method shall gove
test method: Tooling shall conform to the general configuratiop ‘©f Figu
wide enough to accommodate the entire width of the bend specimens
two to three inches per minute and the pressure shall be maintained ¢

en for at least five seconds after the dies are fully closed.

nel test method: Tooling shall consist of a conventional punch and U-
ens shall be bent to an angle of at least 105-degrees around the requir

than 90-degrees.

nd test method: Bend tests shall be accomplished in accordance with
i retests:

Failure of the test samples:{o’ meet the requirements of this specificatio

of the represented lot, except that retesting in accordance with4.5.2 s
of nonconformance to the tensile and bend property requirements.

Licts: All failed sample units from the original sample shall be excluded

p. Failure of any retest specimen to meet the applicable property requi
rejection of the entire lot and no further retesting shall be permitted.

rn.

re 1. The dies
The test speed
n the bend

thannel. The
ed bend radius
be equal to or

ASTM E 290.

n shall be cause
hall be permitted

the discretion of the producer, a rejected lot may be retested as specified below.

from the retest

new sample units shall be taken and tested in accordance with 4.4.7 and 4.4.8, as

‘ements shall be

-12-
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4.5.2.

4.5.2.

453

5. PACKAGING:

5.1

5.2

5.21

522

5.2.3

1.1

Retest lot: If the retest lot is accepted, the producer may at his discretion retest each sample

unit which shows failure at one end only. Units which show failure at both ends shall not be
retested and shall be rejected. Each sample unit acceptable for retesting of tensile properties
shall be retested as follows: Two test specimens shall be taken from the failed end in either or
both directions, longitudinal and transverse, which showed unacceptable tensile properties,
and these specimens shall be tested in accordance with 4.4.7. Each sample unit for bend
retesting shall be retested as follows: Two bend test specimens shall be taken from the failed
end and tested in accordance with 4.4.8. If any retest shows that bend or tensile properties do

not con
may be|
acceptd
minimu
rejectio
2 Coiled pr

at both e
tensile or|

Specimens shall be taken and tested in the manner prescribed in 4.5.2.1.1. Fai

are cause
shows: (
specified

Replacemsg
defective m

Preservation
Not applicabl
Packing:

Packing shal

cut back at the failed end and further retested until either: (a) bothcen
ble properties, or (b) the length of material remaining in the parent uni
M specified length in the acquisition documents, whichever first-occurs
h of the parent unit shall then be made as appropriate.

pducts: Sample coils which show failure to meet tensile’or bend proper
nds shall not be retested and shall be rejected. Saniple coils which shq
bend properties at one end only may be retestéd at the producer’s dis
» for cutting back the failed end and further,retesting until the coiled mg
n) acceptable properties at both ends, or (b) is below minimum length ¢
whichever first occurs. Disposition ofithe coil shall then be made as z

nt of test specimens: Replacement of test specimens for reasons othe
aterial shall be in accordance with FED-STD-151.

packaging:

e.

be Level A or C, as specified (see 6.2.1).

form to the requirements of Tables II, Ill, IV and V, as applicable, then.the parent unit

s show
is less than the
Acceptance or

ty requirements
W unacceptable
cretion.

ures of retests
terial either

br weight
ppropriate.

r than inferior or

Sorting: Unless otherwise specified, the products shall be separated by composition, heat, size
and condition when packed for shipment.

Level A - for domestic shipment and storage, and overseas shipment: Products shall be packed in
accordance with the requirements of MIL-STD-163, as referenced for stainless steel.

Level C - minimum military packing (for domestic shipment) with immediate use at initial
destination: Packages which require overpacking for acceptance by the carrier shall be packed in
exterior-type shipping containers in a manner that will assure safe transportation at lowest rate to
the point of delivery. Container shall meet, as a minimum, the requirements of rules and

regulations

applicable to the mode of transportation.
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5.3 Marking of shipment:

In addition to any special marking required by the contract or purchase order (see 6.2.1), shipping

containers shall be marked in accordance with MIL-STD-129. The identification shall consist of the

following information listed in the order shown:

a. National stock no. or other identification number as specified in the purchase document. 1/

b. TITANIUM AND TITANIUM ALLOY, SHEET, STRIP OR PLATE (as applicable).

c. Heat number.

d. Lot number.

e. Size (thickness by width by length).

f.  Number and revision letter of this specification, including latest amendment if arjy.

g. Composition.

h. Heat treatment condition.

i. Gross weight.

j-  Manufacturer’s name or trademark.

1/ The contractor shall enter the national stock number-specified in the acquisitiqn document or
as furnished by the acquiring activity. When the national stock number is not provided or
available from the acquiring activity, leave spaceé therefor and enter the stock phumber or other
identifigation when provided by the acquiringsactivity.

6. NOTES:
6.1 Achange bar ( | ) located in the left matgin is for the convenience of the user in localing areas where
technical revisions, not editorial changes, have been made to the previous issue of this specification.

An ( R ) symbol to the left of the decument title indicates a complete revision of the specification,

including technical revisions. Change bars and ( R ) are not used in original publications, nor in

specifications that contain editorial changes only.
6.2 Intended usel

The productg acquired under this specification are intended for structural applicatiofs in airborne

vehicles and|eGuipment.

6.3 Ordering data:

6.3.1

Acquisition

requirements: Acquisition documents should specify the following:

a. Title, number, revision letter and amendment number (if any) of this specification.

b. Composition (see 1.2.1) and heat treat condition (see 1.2.2).

c. Product form (plate, sheet or strip, as applicable), size (thickness, width and length)
and quantity.
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6.3.1 (Continued):

6.4

6.5

6.5.1

6.5.2

6.5.3

d. Melting practice of initial and intermediate melts if other than consumable electrode under
vacuum (see 3.1).

e. Demonstrations of property capability (see 3.4.2.1, 3.4.2.2, 3.4.2.3 and 3.4.3.1).

f.  Minimum elongation value for commercially pure, alpha and alpha-beta products under 0.025

inch in
g. Whethsg

h. Specify
(see 3.]

i. Define

j.  Flatnes
and VII

k. Flatnes
|. Additiof

m. Selectiq
packing

Stress corrog
Certain procd
subject to str

to such stres

Definition:

hickness; and for beta products under 0.012 inch in thickness (see Tak
r ultrasonic quality is waived (see 3.7.1 and 4.4.4).

ultrasonic quality standards when required for commercially'pure or be
(.2).

microstructure standards, if agreed upon, in accordance with 3.8.

s tolerances for sheet sizes greater than 36 inches in width (see 3.9.2.

).
s tolerances for products in Condition:ST or STA if other than specified
nal marking (see 4.4.4).

pn of applicable level of pagking, i.e., whether domestic or overseas (L¢
is required (see 5.2).

ion:
bssing procedures and service conditions may cause these titanium pre

£ss corrosion cracking. ARP 982 recommends practices to minimize t
5 corrosion cracking.

les I, Il and IV).

pta alloy plate

1 and Tables VI

in 3.9.2.2.

evel A or C)

bducts to be
he susceptibility

Sheet: A flat rolled product up to and including 0.187 inch in thickness and twenty-four (24) inches

and over in

width.

Strip: A flat rolled product up to and including 0.187 inch in thickness and generally furnished with
slit, sheared, or slit and edge rolled in widths up to twenty-four (24) inches, inclusive; or with
finished drawn or rolled edges in widths over 1-1/4 inches to twelve (12) inches, inclusive.

Plate: A flat rolled product of 0.188 inch and over in thickness and over 12 inches in width with the
width at least five times the thickness.
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6.5.4 Capability: The words “shall be capable of” are used herein to indicate characteristics or properties
required in the product but for which testing of each lot is not required. However, if such testing is
performed, products not conforming to the requirements of this specification shall be subject to
rejection.

6.6 Cross-reference composition classifications:

Table IX shows the correlation between the composition classifications used in this specification and

some of the earlier revisions.

6.7 Revised clasgification coding system:

The classification coding system introduced in this specification (see 1.2{1Y'is designed to satisfy the

following crit¢ria:

a.

C.

6.7.1 Design of doding system:

6.7.1.1

6.7.1.2

6.7.1.2.1

6.7.1.2.2

Brevity, the importance of which is emphasized by the fifteen,(15) digit restriction of the federal
system fqr product identification, ordering and cataloging:

Adaptability across a range of specifications and documents such as, MIL-T-81556, MIL-R-
81588, MIL-T-9047 and MIL-HDBK-5.

Ease of recognition of grade of purity and alley composition.

Identification of type classes: The.coding system uses one or two letters to ident|fy the type class
into which each grade or alloy‘falls. These letters are keyed to the four class names which are in
wide use| Such coding is brief and makes for easier recognition than coding thrhough the use of
Roman numerals. Thus,\!CP” is used to identify titanium of commercial purity grades; “A”
identifies|all-ALPHA titanium alloys; “AB” identifies ALPHA-BETA alloys; and “B’| identifies all-
BETA allgys.

Number ¢oding.of CP grades and alloys:

Numbering of CP grades: The order of humbering CP titanium grades foltow directly the order
of increasing purity with respect to oxygen concentration. This sequence is the reverse of the
order of changes in yield strength. Such numerical sequencing was selected, because the
thrust of development of the CP grades generally been in the direction of increased purity, for
example, CP-5 and CP-6 for the two grades of weld filler metal. It does not appear that there
will be any additional effort to strengthen CP titanium by increasing oxygen concentration
beyond that of CP-1.

Number of alloys: The order of numbering alloys generally follows the historical and present
breadth and volume of usage of each alloy. Thus, 5AI-2.5Sn is coded A-1; 6Al-4V is coded AB-
1; and 13V-11Cr-3Al is coded B-1. The 8Mn AB alloy, although of greater age than AB-1, has
not enjoyed the usage of AB-1 and is assigned a higher number, namely AB-6.
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6.7.2 UNS coding system: This coding system has been considered for adoption into the subject

specification. However, the system has not been adopted because its product code designations are

not brief and make product identification difficult and subject to error without the use of a catalog.

6.8 Fed-STD-151, MIL-STD-163, MIL-STD-105, and MIL-STD-410 have been cancelled by the

government. In those cases, the last published issue of those cancelled documents is available.

TABLE I.

Chemical composition, percent by weight
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TABLE I. Chemical composition, percent by weight. - Continued

1/ Balance is titanium.
2/ Hydrogen shall be determined on each-lot of the product as shipped.

3/ Need not be determined. Material shall meet this requirement when analyzed.
o Unless otherwise noted, other elements each shall be 0,10 percent maximum.

Iron plus oxygen shall not exceed 0. 32 percent,
Otthrelemen;s shall be (.05 percent maximum each,
Maxifnum, unless otherwise specified.

0.35 - 1.00 percent Cu.

0.1 Si percent maximum.

o oo [~ [e [ ies

|
e L= e e e e
T T

"Mig ys" = minimum yield-strength at 0.2 percent offsety ksi.

g1 = extra low interstitials,
All |alloys in this category shall have 0.005 percent yttrium maxioum.

TABLE II. Commercially pure and alpha titanium alloy sheet, strip and
plate annealed tensile’properties.

Classification Thicknesas, Tensile | Yield strength at | Hlongation,
and |nominal inches ) | strength, 0.2 percent percent
comgjosition 4f kel offset, ksi in 2-inches

or 4D

P-4 1.000 & Under | 135 25 - 45 2 %f

qe-3 1000 & Under 50 40 - 65 20 5/

gp-2 1,000 & Under 65 55 - 80 18 E]

gr-1 1,000 & Under 80 70 - 95 15 =
2/
1.500 & Under 120 113 10 =

A-1 (3A1-2.55m) 1.500 - 4.000| 115 110 10
0.008 - 0.014 100 95 6
A-2 (5A1~Z%55n) {ELI) 0.014 - 0.024 100 95 8
6 024—1-600 106 5 10
A3 (6A1-2Cb-1Ta-0.8Mo) 0.1875 - 4.000 103 95 10
0.008 - 0.014 | 145 (135) 135 (120) 6
0.014 - 0.024 | 145 (135) 135 (120) 8

_ I 0.024 - 0:1875| 145 (135) 135 (120) 10 (10)

A4 (SA;/IM° V) 0.1875 - 0.500 | 145 (130) 135 (120) 10 (10)

= 0.500 - 1,000 | 140 (130) 130 (120) 10 (10)

1.000 - 2.000 {130 (125) 120 (115) 10 (10)

2.000 - 2.500 | 130 (120) 120 {110) 10 (8)

2.500 - 4,000 | 120 (120) 110 (11Q) 8 (8)
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TABLE II. Commercially pure and alpha titanium alloy sheet, strip and
plate annealed tensile properties - Continued 1/

Minimum tensile properties except where a yield strength range is specified.
Properties apply in both the longitudinal and transverse directions and are
for condition A (anpealed), unless otherwise noted.

For thickness under 0.025 ihch, elongation values shall be as agreed upon by

the acquiring activity and contractor {see 6.2.1).

ValueJ in parentheées apply to condition DA (duplex anﬁealed).

Thickness given as X, XXX - X.XXX shall be read as "over --—GC= to -

inclusive."

TABLE Ill. Alpha-beta titanium alloys sheet, strip and plate

minimum tensile properties 1/

Classiflcatfion Condition Thickness, Tensila Yield strangth Elongation, !
and inch styength, at 0,2 percent percant in
nominal 5/ $ 731 offast, ksi 2-inches or
compositipn 4D
Ab~1 A 0.062 & Undar 134 126 82/
(€AL-4v} 0.062 - 0.1675 1% 12 10
0.187% - 4.000 130 120 10
8T 0.032 & Undex af 150 {max} 62/
0.032 - OC1B73 1) 150 {max} L]
STA 0.032 & Under 160 143 3 y
0.032 = 0.049 160 145 4
0,049 - 0.187% 160 145 5
0.1875 - 0.750 160 143 8
0.730 - 1,000 130 140 &
1.000 - 2.0Q0 145 135 6
AB-2 A 0,008 - D.0L4 130 120 6
(6A1-4V) (f1) 0.014 - 0.024 130 120 8
0.024 - 1.000 130 120 10
1.000 - 3,000 125 115 10
AB-3 A 0.024 % Under 155 145 = 170 8 (6) 3/
(6AL-6¥-250) 0,024 - 0.1875 155 145 = 170 10 (8) 3/
0.1875 - 2.000 150 1450 10 (8) _Sj
2,000 = 4,000 145 135 8 (6) 3/
51 01875 & Under - LI_ 160 .: ) 10 ?;,
STA 0.1875 & tnder 170 160 8 (6) 3
¢.1873 - 1,500 L70 150 8
1.500 = 2,500 169 1%0 []
2,500 = &,004 150 140 &
AB~& ba 0.062 & Under 135 i2s 8 Zf
(SAL-26n-42r-2¥o) 0.062 - 1,000 13 125 10
1.000 ~ 1.000 130 126 10
TA ©.062 & Under 14% 135 8 _Z_f
0,062 - 0.1875 145 135 10
AB-5 A 1,000 & Under 20 75 15 2f
{3AL-2,5V)
AB=0 A 0.1875 & Under 12% 110 - 140 102/
{8Yn}
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TABLE lll. Alpha-beta titanium alloys sheet, strip and plate
minimum tensile properties - Continued 1/

1/ Minimum tensile properties except as otherwise specified. Unless otherwise
noted, properties apply in'both the longitudinal and transverse directions.
2/ For thicknesses under 0.025 inch, elongation values shall be as agreed upon
by the acquiring activity and contractor (see 6.2.1).
3/ Elonghtion value In parentheses is for transverse direction omnly
4/ Spreafl between tensile strength and yleld strength shall ‘be 15 k$i minimum.
5/ Thiekpess given as X.XXX - X.XXX shall be read as "over ¥,XXX to|X.XXX,
inclugive.”
TABLE IV. Beta titanium alloys sheet, strip and plate minimum tensile propgrties 1/
Classificacjon Thickness, Tensile Yield strength Blongation,
and neakaa Coddition inch - strength, 0.2 percent at percent in
componitio; &/, 5/ kai offset, ksl 2—1n¢l:hu
' 4
-1 ST 0.049 & Under 132 126 8
(Lwv=-11cr-1) ¥ 0,049 - 4.000 125 120 10
3TA 0.024 & Under 170 160 — 3
0,024 - 4,000 170 160 4
B2 sT 0.02% b\Dndec 100 90 10
- (11.5Ho-6Zc-4.55n) a 0.024-- 0.1875 100 ‘90 .12 -
’ STA 0.1875 & Under 165 * 155 [
{1000) ‘
STA 0.024 & Under 180 170 3
(925) 0.02% - 0.1875 180 170 )
0.1875% & Over 180 170 2
B-3 ST 0.029 & Under 125 120 &/ [3
(IAL-BV-6CT=-40-4Zr) af ‘0.029 - 0.1875 125 120 &/ 8
[ 0.1875 - 1.99% 125 120 10 (8) 2/
1.929 - 4,000 120 115 ' 8 (6) 2/
~ STA 0.1875 & Undee 180 170 6
0.18715 - L.000 180 170 8
1.000 - 4,000 170 160 6 (&) 2/
B-4 5T 0.1875 & Under -125% 120 6/ 1&
{8¥0-8V-2Fa{3A1) 3 0.1875 - 2.000 125 170 - 10
' 2.000 - 4,000 120 115 8 (6) 2/
BTA 0.1875 & Under 150 . . 140 15
{1130
ETA 0.1875 & Under 175 133 1]
(1000) _0.1875 - 2.000 180 179, 8
2,000 - 4,000 180 170 6 (4) 2/
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