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MIL-T-81556A

31 January 1983
SUPERSEDING
MIL-T-B1556

20 March 1968

MILITARY SPECIFICATION

TITANIUM AND TITANIUM ALLOYS, EXTRUDED BARS AND SHAPES,
ATRCRAFT QUALITY

This specification 1{s approved for use
by all Departments and Agencfes of the
Department of Defense.

1. SCOPE

1.1 Scope. This specification covers aircraft quality titanium and citanfum
alloy extruded metal bar and shape products.

1.2 Classification. Products shall be of the following compositions and con-
ditions, as specified (see 6.2.1, 6.9 and Tables [ and 1X).

1.2.1 Composition.
Commercially pure titanium (CP)

Yield strength (Ksl) Code designacion
70 cP-1
55 cpP-2
40 CP-3
30 , CP=4

Alpha titanfum alloy

Nominal composition Code designation 1/
541-2.55n A-1
5A1-2,.55n (ELI) A-2
8Al~1Mo-1V A~

Alpha-beta ticanium alloy
Nominal composition Code designacion

6Al-4V AB-!
6Al-4V (ELI) AB-2
6A1-6V-2Sn AB-3
6Al-25n-42r-2Mo AB-4

1/ A-3 has nominal composition 6A1-2Cb-1Ta-0.8M0 and is not subject to
this specification.

2/ ELI means "extra low interstitials.”

fBencficial comments (recommendations, additions, deletions) and any pertinent data

which may be of use in improving this document should be addressed to: Engincering
Specifications and Standards Department (Code 93), Naval Engineering Center,
Lakehurst, NJ 08733, by using the seclf-addressed Standardization Document Improve-

ment Pronosal (PN Form 1426) annearing at the end of this document or bv letter.
L ——

FSC 9540
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1.2.2 Condition.

Condition Description {treatment)
F As fabricated
A Annealed
DA Duplex annealed
ST Solution treated
STA Solution treated and aged

2, APPLICABLE DOCUMENTS

2.1 Government documents.

2.1.1 Specifications and standards. Unless otherwise specified, the following
specifications and standards of the issue listed in that issuc of the Department
of Defense Index of Specifications and Standards {DoDISS) specified in the solieci-
tation form o part of this specification to the extent specified herein.

SPECIFICATIONS
MILITARY
MIL-H-81200 - Heat Treatment of Titanium and Titanium Alloys.
STANDARDS
FEDERAL
FED-STD-151 - Metals; Test Methods.,
MILITARY
MIL-STD-105 - Sampling Procedurcs and Tables for Lnspeccion
by Attributes.
MIL-STD-129 - Marking for Shipment and Storage.
MIL-STD-163 - Scteel Mill Products Preparation for Shipment
and Storage.
MIL-STD-410 - Nondestructive Testing Personnel Qualification

and Certificarion (Eddy Current, Liquid Penetranct,
Magnetic Particle; Radiographic and Ultrasonic).

(Copies of specifications and standards required by manufacturers in connection
with specific acquisition functions should be obtained from the contracting activicy
or as directed by the contracting officer.)

2.2 Other publications. The following documents form a parct of this specifi-
cation to the extent specified herein. The issues of the documents which are in-
dicated as DoD adopted shall be the {ssue listed in the current DoDISS and the
supplement thereto, if applicable.

AMERICAN SOCIETY FOR TESTING AND MATERIALS (ASTM)

ASTM E 8 - Tens{on Testing of Metallic Materials.

- AL R L T O]
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ASTM E 9 - Compression Testing of Metallic Materials at Room
Temperature.

AS™M E 120 - Titanium and Titanium Alloys, Chemical Analysis of.

ASTM E 146 - Zirconfum and Zirconium Alloys, Chemical Analysis of.

(Application for coples should be addressed to the American Society for Testing
and Materials, 1916 Race Strect, Philadelphia, PA 19103.)

car
JAL

AEROSPACF, MATERIAL SPECIFICATIONS (AMS)

AHMS 2249 - Chemical Check Analysis Limits, Titanium and Titanium
Alloys.

AMS 2631 - Ultrasonic Inspection of Titanium Alloys.

AMS 2643 - Structurnl Examination of Titanium Alloys, Chenical

Ecch Inspection Procedure.
AEROSPACE RECOMMENDED PRACTICES (ARP)

ARP 982 - Minimizing Stress Corrosion fn Wrought Titanium Alloy
Products.

{Application for copies should be addressed to SAE, 400 Commonwealth Drive,
Warrendale, PA 15096.)

{Industry association specifications and standards are generally available for
reference from libraries. They are also distributed among technical groups and
using Federa) agencies.)

2.3 Order of precedence. In the event of n conflict between the text of this
specification and the references cited herein, the text of this specification
ghall take precedence.

3. REQUIREMENTS

3.1 Material. Materinl for products supplied in accordance with this specifi-
cation shall be multiple melted. The final welting cycle shall be consumable
electrode practice under vacuum. The initinl and intermcdiate melting cycles shall
be consumable clectrode practice under vacuum, unless otherwise specified (see
6.2.1). Wwhen specificd (see 6.2.1), the first meiting cycle shall be nonconsumable
electrode proctice under vacuum or inert gas at a pressure no greater than 250 mm of
mercury and shall cmploy an electrode tip of either graphite or water-cooled
copper.

3.2 Condition. Unless otherwise specified, extrusions shall be furnished in
the as extruded and anncaled (A) conditfon, with or without subsequent straighten-
ing (see 6.2.1).

3.3 Chemicnl composition. The chemical composition, as determined by heat or
lot analysis, shall be as specified in Table 1.




Downloaded from http://www.everyspec.com

MIL-T-81556A

3.3.1 Check analysis. Chemical composition variations shall conform to the
requirements of AMS 2249,

3.4 Mechanical properties.

3.4.1 Products supplied. Products supplied in the A, DA, or STA conditions
(see 1.2.2 for definicions) shall conform to the tensile property requirements of
Tables Il and 111, as applicable. When specified (sec 6.2.1), alpha-beta ctitanium
alloy products in the A or STA conditions shall conform to the compressive property
requirements of Table IL1, as applicable.

3.4.2 Heat-treatment capability. Products supplied in the F or A condition
(see 1.2.2) shall be capable of being heat-treated in accordance with MIL-H-81200
to the tensile property, and, when specified (see 6.2.1), to the compressive
property requirements of Tables II and 11I, as applicable to composition and con-
dition. Such capability shall be demonstrated when specified (see 6.2.1).

3.4.3 Mechanical properties of alpha-beta alloys after aging. Alpha-beta
alloys supplied in the ST condition (see 1.2.2) sholl conform to the tensile
property, and, when gpecified (see 6.2.1), to cthe compressive property requirements
of Table 11T ag applied to the STA condition when "aged” or "re-solution treated
and aged" in accordance wich MIL-H-81200.

3.5 Heat treatment. The heat treatment of products supplied in aceordance
with this specification shall conform to MIL-H-81200.

3.6 Stress relieving.

3.6.1 Stretching or straightening. Products which are stretched or straightened
in Condition A, DA or STA shall be stress relieved in accordance with Table 1V {f
the stretching or straightening is performed below the applicable stress relieving
temperature gpecified in Table IV,

3.6.2 Straightening and stretching after solution treatment. Products supplied
in Condition ST, if strafightened or atretched after being heat treated co this
condition, shall not be stress relieved; however, such products shall be subject
to the mechanical property requirements specified herein for material supplied in
Condicion ST.

3.7 Ultrasonic qualfity. Unless otherwige specified (sce 6.2.1), products
shall conform to the ultrasonic quality requirement of Table V.

3.8 Microstructure. Products shall have a micrestructure characteristic of
exctruding above the beta transus temperature.

3.9 Dimensional tolerances. Unless otherwise specified (see 6.2.1), dimension-
al tolerances shall conform to Table VI,

3,10 Finish, Unless otherwise specified (sce 6.2.1!), the product shall con-
form to the following finish requirements:

a, The surface shall be free of contamination by oxygen
{(alpha case), hydrogen, nitrogen and other harmful
contamination (sec 3.12).



Downloaded from http://www.everyspec.com

MIL-T-81556A

b. The product shall be free of surface imperfections
(laps, dents, gougea, die lines, etc.) with depths
extending beyond the allowances specified in Table
VI,

3.11 Identiff{cati{on of product. Each scraight product 0.5 Inch and greater in
outside diameter or least width of flat surface, where such flat surface is acces-
sible to a marking tool at least 0.5 inch wide and recesses not more than 1.0 inch
helovw the putline of the nrndurr shall be morked in 8 row of characters recurring

we A fel 20N 4 oLy Lers

at intervals not greater chun :hree feet. Marking shall include the basic number
and trevision letter of this specification, producer's name or trademark, and
product compositfon, heat or lotL number and heat treat condition. The characters
shall be of such size and clarity as to be legible with unaided normal vision.

The marking fluld residue shall contain not mord than traces of halogen-bearing
compounds. Such markings shall have no deleterious effect on the product or its
performance and shall be sufficiently stable to withstand normal handling, but
shall be capable of being removed in hot slkaline cleaning soluticn without

rubbing.

3.11.1 Sizes and shapes. Products of a size and shape, other than described
in 3.11, shall be securely bundled or containerized (craoted, boxed, etc.) for
shipping. Each bundle or container shall be marked at both ends with the {denti-
fication specified in 3.11. This identification shall be marked on the container
or cmbossed on metal or plasclc tags securely attached to the bundle or container.

3.12 Workmanship. The product shall be uniform In quality and condition, free
from harmful alloy segregation and surfoce contamination by oxygen (alpha case),
hydrogen, nitrogen or other contaminants, and free from foreign materfal. It
shall be clean, sound and freec from cracks, pipe, scams and other defects detri-
mental to the fabricatfon or performance of parta (see 4.4.2.1).

4. QUALITY ASSURANCE PROVISIONS

4.1 Responsibility for inspection. Unless otherwise specified in the contract
or purchase order, the contractor is responsible for the performance of all in-
spection requirements as specified herein. Excepr as otherwise specified in the
contract or purchase order, the contractor may use his own or any other facilities
suictable for the performance of the inapection requirements specified herein,
unless diaupproved by the CGovernment, The Government reserves the righc to per-
form any of the inspections set forth in the spcc;xxcat;ﬁﬁ where such inspections
are deemad necessary to assure supplies and services conform to prescribed requlire-

ments.

ion. The inspection specified herein is classi-
PR §
LLA

A nm meom 1& 0
LTI ]

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

L 11 Camnlino
4,2, oSampling.

4.3.1.1 Inspection lot. Unless otherwise specified (see 6.2.1), a lot shall
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consist of products of the same heat, composition, size, shape and condition pro-
cessed at cthe same time.

cedure for sampling each heat or lot for deter-
r e

pecification shall be as specified

£,3.1,2 Procedure, The pro

1
wining conformance to the requirements of this s
in Table VII.

4.4 Methods of inspection and test.

4.4.1 Visual examination. Samples selected Ln accordancce with Table VII shall
be visually examined for conformance to the surface imperfections (sec 3.10),
identification (sce 3.11) and workmanship (scc 3.12) requirements,

&£.4,2 Metalleographic examination.

4.4.2.1 Macrostructure. A specimen, at least 0.5 inch long by full cross-
section from the back end of each extruded length, shall be examined for conform-
ance to the macrostructure workmanship (sce 3.12) requircments. Unless otherwige
specified (see 6.2.1), macrostructural examination shall be performed in accordance

with AMS 2643,

4.4.2,2 Microstructure. In addition to the microstructure examination required
by AMS 2643, conformance to the microstructure {sce 1.8) and freedom from surface
contamination (sce 3.10) requiremenes shall be determined by examining at least
one polished and etched specimen (rom each sample sclected in accordance with
Table VI1. Examinacion for surface contamination shall be made at a magnification
of 100X to 200X and for general microstructure at 200X to 250X. Other magnifi-
cations shall be used, as required, to ensure acceptable quallty.

4.4.3 Dimensional fnspection. Samples selected In nccordance with Table VII
for dimensional inspection shall be mensured for conformance to the apecified
shape or dimensions (sce 6.2.1) and dimensfonal colerance (see 3.9) requirements,

4.4.4 Ultrasonic inspection. Ultrasonically inspected product shall be idenci-
fied as agrecd upon by the acquiring activity and the contractor (sec 6.2.1).

4.4.4.1 Inspection persoanncl. Inspection shall be performed only by personnel
qualified and certified to Level I or higher {n accordance with MIL-5TD-410.

B.Z,1), €ACN eXCrugded Lengtn, v, uy LD ULV Jlcauel LIl STCLEIVIE LULLALIEDS UL
diameter, shall be inspected in accordance with AMS 2631 for conformance to the
ultrasonic quality requirements of 3.7.

4.4.,4.3 iInspection of extrusion biiiets. Unless otherwise specified (see
6.2.1), ultrasonic inspection of billets shall be performed in lieu of such in-
gpection of extruded product, when the products to be extruded from these billecs
will have thicknesses or diameters less than 0.500 inch, or are expected to have
surfaces rougher than 250 microinches, even under conditions of best extrusion
practice. Bililets to be inspected shall have surfaces no rougher than 250 micro-
inches. 1Inspection shall conform to AMS 263! and billets shall be of Quality Level
A as a minimum.
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4.4.5 Packaging. Each shipment shall be irspected for conformance to the
packing and marking requirements specified in 3.11.1 and Section 5.

4.4.,6 Chemical analysis. Conformance to the chemical composition requiremencs
shall be determined cither by heat or lot analysis of samples selerted in accord-
ance with Table VI1 using ASTH E 120 methods of chemical aralysis or FED-STD-151,
Method 112.2 of spectrochemiecal analysis. Hydrogen shall be analyzed by the hot
extraction method specified in ASTM & 146 and shall be determined on each lot cs
shipped, Other analytical methods may be used with the wricten approval of the
acquiring activity.

4.4.6.1 Referee. In case of dispute, the results of referce chemical analy-
sis, by the ASTM E 120 method, shall govern.

4.4.7 Mechanical property tescts. Conformance to the mechanical properiy re-
quirements shall be determined by testing at least one tensile specimen and, in
the case of alpha-beta alloys, also one compression specimen from the back end of
each sample selected in accordance wich Table VII. The product shall be in the
heat treat condition ordered (see 6.2.1), except that for products supplied in the
soluction treated (ST) condition, the ends cut from the teat samples shall be aged

to the STA condition prior teo excising the test specimens therefrom.

- oy mmem o moanca B Mot la LTI T mesmamm -

.1 Tension test. Tension tests shall be accomplished in accordance with
a8 n tLllSlUll uchLml:na Lulllutullllb il 1apicd VEiLd, CJ\LCPL I.lidl. I.Hl. vate Ul
strain shall be 0.003 to 0.007 inch per inch per minute through the yield strength
and then i3 increased so as to produce failure i{n approximately one additional
minute. In case of dispute, the resules of referee tension tests performed on a
tensile wachine having a strain pacer and using a strain rate of 0.005 inch per

af 010

£ b denunp
inch per minute through the yield strength and a minfimum cross-head

inch per minute above the yield strength shall govern.

mrmad
apceu

4.4,7.2 Compresasion tesr. When compression propertles meeting the requirements
of Table 111 are gpecified (see 6.2.,1), tests shall conform to the requirements of
ASTM E 9, The grrafin rates ghall be rhose gpecified in 4.4.7.1.

4.5 Rejcction and retests.

4.5.1 Rejection. Failure of the test samples to mcet che applicable require-
ments of this specification shall be cause for refjection of the represented lot.
Retesting in accordance with 4.5.2 shall be permirted in the case of conformance
to the mechanical property requirements. Retesting shall be at the discretion of

the producer,

4.5.2 Retest., The sampling and test spocimen requirements specified in Table
Vil and 4.4.7, respectively, shall be tripled for tensile or compregsion retest,
as applicable. The retest samples shall include o sample from each of the ex-
truded lengths that falled to meet properties in the original sampling. If one
retest specimen falls, the lot shall be rejected and ne further retesting shall
be permitted.

4.5.3 Replacement of test specimens. Replacement of test specimens for
reasons other than Inferior or defective material shall be in accordance with FED-

STD-151.
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5. PACKAGING

5.1 Preservation/packaging. Not npplicable.

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

5.2.1 Sorting. Unless otherwise specified, products shall be sepatrated by
size, heat, composition and condition when packed for shipment.

§.2.2 Level A - for domestic shipment and storage and overseas shipment. Pro-
ducts shall be packed in accordance with the requirements of MIL-5TD-163, as
referenced for stainless steel.

5.2.3 Level C - minimum military pack (for domestic shipment) with immediate
use at {nitial destination. Packages which require overpacking for acceptance by
the carrier shall be packed in exterior-type shipping containers in a monner that
will agsure safe transportation at the lowest rate to the point of delivery.
Container shall meet, as a minimum, che requirements of rules and regulations
applicable to the mode of transportation,

5.3 Marking of shipments, In nddition to any special marking required by the
contract or order (see 6.2.1), shipping containers shall be marked in accordance
with MIL-STD-129. The identificacion shall be composed of the following informa-
tion listed i{n the order shown:

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

b. TITANIUM OR TITANIUM ALLOY, EXTRUDED METAL BARS, OR SPECIAL SHAPES,
ALRCRAFT QUALITY (as applicable)

¢. Size (inches) (cross-section by length)

d. Shape no. {if applicable)

e. MIL-T-81556A

f. Composition heat no.

g. Heat treatment condition

h. Lot no.

i. Cross weight {lbs)

§. Manufacturer's name or trademark
1/ The contraoctor shall enter the national stock no. specified in the scquisition
document or as furnished by the acquiring activity. When the national stock
no. is not provided or avallable from the acquiring activity, leave space
cherefore and enter the stock no. or other identification when provided by the

acquiring activity.

6. NKOTES
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6.1 Intended use. The products acquired ' -der this specification are intended
for structural applications in airborne vehic .s and equipment.

6.2 Ordering data.

6.2.1 Acquisition requirements. Acquisition documents should specify the
following:

a. Title, number, revision letter, date and amendment number
(i1f any) of this specification.

b. Composition {see 1.2.1).
e¢. Product (bar or shape) size, length, and quantity desired.

d. Melting practice of inicial and intcrmediate melts i1f other than
consumable clectrode under vacuum {see 3.1).

e. Heat treat condition (sce 1.2.2).

f. Finish {gee 3.10).

g. Heat treat response verification (see 3.4.2).

h. Dimensional tolerances, special sizes (see 3.9).

i. Whether ultrasonic quality {see 3.7) and ulctrasonic inspection
{see 4.4.4), as applicable, is waived, when conformance to

Y T e b h 4 A £ =nd

aldrhne Aarna ~Ae eh -~ P Y An
T OnT OF v y O DO, 10 NOLC TES1ITCEU.

j. Metallographic examination (see 3.B, 3.10, 3.12 and 4.4.2).
k. Marking requirements (see 3.11).

1. 1Inspection lot consistency (see 4.3.1.1}.

m. Selection of applicable level of packing, i.e., whether domestic
or overseas Level A or C packing is required (see 5.2).

n. Additional marking, 1f necessary (seec &4.4.4 and 5.3).
o. Whether compression properties are required (see 3.4 and 4.4.7),
6.4 Definitions.
6.4,1 Extruded bar. A solid section, long in relation to its cross sectional
dimensions, having & symmetrical croas section that is round, square or rectangular
(excluding flattened wire) with sharp or rounded corners or edges; or i{s a regular

hexagon or octagon, and whose width or greatest distance between parallel faces is
3/8 inch or greater,
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6.4.2 Extruded ghape. A saction produced by extrusion that {s long in relarion
to its cross sectional dimension and has a cross scction of other than that of

bar.

6.4.3 Capability. The words "shall be capable of" are used to indicate char-
acteristics or properties required in the product but for which testing of each
lot is not required. However, if such testing ls performed, preducts not con-
forming to the requirements of this specification shall be subject to rejection.

6.5 Cross-reference. Table IX shows the correlation betwaen the composition
classifications used in this specifiication and the previous clagsifications used

in MIL-T-81556.

6.6 Revised clagsification coding system, The classification coding system
introduced in this specification (see 1.2.1) is designed to satisfy the following
criterin:

8, Brevity, the importance of which is emphasized by the fifteen (15)
digit restriction of the federal system for product identificetion,
ordering and cataleging.

b. Adaptability across a range of specifications and other documents,
such as, MIL-T-9046, MIL-R-81588, MIL-T~9047 and MIL-HDBK-5.

¢. Ease of recognition of grade of purity and alloy composition.

6.6.1 Design of coding system.

6.6.1.1 Identificaction of type classes. The coding system uses one or two
letcers to identify che type class Into which each grade or alloy falls. These
letcers are keyed to the four class names which are in wide use. Such coding is
brief and makes for easier recognition that coding through the use of Roman

numerals. Thus, "CP" is used teo {dentify tictanium of commercial purity grades;

L]
L " L1}
"A'" didentifies all ALPHA titanium alleys; "AB" identifles ALPHA-BETA alloys; and

"B" identifies all BETA alloys,

6.6.1.2 Number coding of CP grades and alloys.

£,6,1.2,1 Numberina of CP arndos. The order of numbering CP tiranium grades
follows directly the order of {ncreasing purity with respect to oxygen concen-~

tration. This sequence {s the reverse of the order of changes in yicld strength.
Such numerfical sequencing was selected becauge the thrust of development of the CP
grades has generally been in the direction of {incressed purity, for example, the
tuo grades of weld filler metnl (see MIL-R-81588). 1t does nor appear that there

will be any additional effort to strengthen CP titanium by increasing oXygen
concentracion beyond that of CP-l

6.6.1.2.2 Numbering of alloys. The order of numbering alloys, generally
follows the historical and present breadth and volume of usage of each alloy.
Thus, 5A1-2.55n is coded A-1 and 6Al-4V ig coded AB-1. The 8Mn alpha-beta alloy,
although of greater age than AB-l, has not enjoyed the usage of AB-] and is

assigned a higher number such as AB-6.

10
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This coding syst - m has been considered for adoption

6.6.2 UNS coding system.
fnto the subject specificatoin. However, the .ystem has not been adopted bacause
its products code designations are not brief and make product tdentification

difficult and subject to error without the use of a catalog.

6.7 Changes from previous issue. Asterisks are not used in this revision to
identify changes with respect to the previous issue due to the extensiveness of

the changes.

Preparing activity;

Custodians:
Atmy - MR Navy - AS
Navy - AS
Alr Forece = 20 (Dendnme QDELA_NANLAYL
Alr Force Z0 wiToject Yaau-uuou)

Review activities:
Army - AR, M1
Air Force ~ 99

User activicies:
Army - CR
Navy - 0S

[
[
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Chemical composition, percent by weight (see 3.3). - Continued

Haximum, unless otherwise speci

Heed not be determined routinely.

percent maximum.

4/ Iron plus oxygen shall not exceed 0.32 percent.

5/ Other elements each shall be 0.05 percent maximum.

Hydrogen shall be determined on each lot of the product as shipped.

Material shall meet stated limits
Unless otherwise noted, other elements each shall be 0.10

6/ "Min ys" = minimum yield strength at 0.2 percent offset, Ksi.
7/ M“ELI" = extra low interstitials.
8/ A-3 classification has nominal composition: 6A1-2Cb-1Ta-0.840
and {8 not a subject of this specification (MIL-T-81556A)
9/ Yttrium shall not exceed 0.005 percent.
10/ Zirconfum shall be 3.60 - 4.4C percent.
11/ Silicon shall be 0.06 - 0.10 percent.
TABLE II. Tensile properties of commercially pure and alpha titanium alloys.
{(sce 3.4.1 and 3.4.2)

Alloy Thickness, Tensile Yield strength Elongation,
(code desig- diometer or strength, at 0.2 percent percent in
nation and distance be- Ksi offser, Kai 2-{nches or
compesition) tween flats {min) (min) 4D {min)

{inches)
1/
Commercially pure titanium
Condicion A
CP-1 0.188 - 1.000 80 70 15
1.001 - 2.000 80 70 12
2.001 - 3.000 8O 70 10
Cp-2 0.188 - 1,000 65 55 18
1.00t - 2.000 65 55 15
2.001 - 3.000 65 35 12
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TABLE 11. Tensile properties of commercially pure and alpha titanium alloys.
(see 3.4.1 and 3.4.2) - Continued
Alloy Thickness, Tensile Yield strength Elongation,
(code desig- diameter or strength, at 0.2 percent percent in
nation and distance be- Xsi offset, Ksi 2-inches or
composition) tween flats {min) {min) 4D {min)
(inches)
1/
Commercinlly pure titanium - Continued
Condition A
cP-3 0.188 - 1.000 50 40 20
1.00f - 2.000 50 40 18
2.001 - 3.000 50 40 15
cP-4 0.188 - 1.000 40 30 25
1.00t - 2.000 40 30 20
2.001 - 3.000 40 30 18
Alpha titanium alloys
Condit{on A
A-1 0.188 - 1.000 120 115 i0
(5A1-2.55n) 1.001 - 2,000 11s 110 10
2.001 - 3.000 its 110
3.001 - 4,000 ils 110 6
A-2 0.188 - 1.000 100 a5 10
(5A1-2,55n{FL1))
A=4 0.188 - 0.500 145 135 10
(8Al-1Mo-IV) | 4 501 - 1.000 160 130 10
1.001 - 2.500 130 120 10
2.501 - 4.000 120 110 8
Condicion DA
0.188 - 1.000 130 120 10
1.001 - 2.000 125 115 10
2.001 - 4.000 120 110 8

1/ Thickness of
derermine the applicable tensile properties.

the cross-gection from which the specimen is taken shall
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TABLE 1I1I.

Tensile and compressive properties of anlpha-beta titanium alloys.

(see 3.4.1, 3.4.2 and 3.

4.3) - Continued

1/ Thickness of the cross section from which the specimen 1s taken shall
=  determine the applicable tensile properties.
2/ Minioum yield strength, except where minimum - maximum range is
specified.
3/ Not applicable to thicknesses under 0.062 inch.
4/ Not applicable to thicknesses under 0.375 inch.
5/ Values apply to all thickness ranges. First value applles to the
- longitudinal direction; volue in parentheses applies to the trans-
verse direction.
TABLE IV. Stress reljeving (see 3.6.1). 1/
Alloy
{code desig- Stress relieving achedule
nation and
composition A 2/ DA 2/ STA 2/
Commercially pure titanfum
All 3 af 4f
Alpha titanium alloys
A<1 and A-2 1200° ¢ 25°F 4/ 4/
(5A1-2.55n and for 2 hours,
541-2.55n (EL1)) oin{ouy
A-4 1100° = 25°F 1000° + 25°F 4/
(BAl-1Mo~-1V) for 3D to 60 for 30 to 60
minutes minutes
Alpha-beta titanium alloys
AB-1 (6Al-4V) 1100° - 1200°F [ 975° = 25°F
for 1 hour, for 2 to 2-1/2
AB-2 (6A1-4V (ELI1)) oinimun hours
AB-3 {6A1-6V-25n)

o
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TABLE IV. Stress relieving {see 3.6.1). - Continved 1/

Stress relieving shall conform to MIL-H-81200, except that the stress
relieving schedule shall be as specified herein.

Heat treat condition of the materisl.
Stress rclieve per MIL-H-81200 schedules.

Not applicable.

TABLE V. Ultrasonic quality (sece 3.7).

Specified diameter - rod;
Specified thickness - bar; Ultrasonic classification 1/
Specified thickness - shape

0.500 - 1.500 inches AA
1.501 - 7.00 inches Al
7.01 inches and greater A

Classification according to AMS 2631 (Grade | if double melted,
Grade 2 {f triple melted).

17
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TABLE V1. Dimensional tolerances (see 3.9). 1/

Specified section thickness, inches Tolerance, inch Allowable depth of
plus minus surface defects, inch
0 - 0.250 0.040 0.000 0.008
0.251 - 0.500 0.040 0.000 0.0i0
0.501 - 1.000 0.040 0.000 0.020
1.001 - 3.000 0.060 0.000 0.030
3.001 - 5.000 0.080 ¢.000 0.040
5.001 - 9.000 0.124 0.000 0.062
Parameter Rodius location Tolerance Min specified
{nch radius, inch
g Corner {4 Corner ¢ 0.032 0.082
radius -
2, Fillee
2.1 Less than 70° fnel angle |+ 0.062 0.375
: 2.2 70° incl angle or greater
Included L|—Fi1tec {3 2.1 piam circumscriving + 0.062 0.188
g radius circle less than 5-1/2
inches
2.2.2 Diam circumscribing + 0,062 0.375
circle 5-1/2 inches
or greater,
Parometer Tolerance

Angle (degrees) :+ 2 Degrees

Flatness 3/ R Width (W), {nch D (max), inch

Over 1.000 0.010 x widch
in inches

N
e 1
) 1.000 and under 0.010
]

In any onc inch 0.010

18
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TABLE VI.

Dimensional tolerances (sec 3.9). 1/ - Continued

Parameter

Tolerance

Longitudinal bow 2/ 3/ Lengch(L), fc

5 and under

Qver 5

In any five feet

l t‘ D (inch)
-

L (fc)

D (max), inch

0.125

0.025 by length
in feet

0.125

D {(max), inch

Longitudinal twist 2/ 3/ L (fe) | W (in.)
P (in) 10 |z
< 10 >4 =9
— ke >10 <9
e e ——d [ s

0.125
0.188

0,025 x length
in feet

Length dimension

+ 0.25, - 0 inch

Squareness of cut {maximum deviztion from square)

3 degrees

1/  Applicable to products having a cross-section that can be circumscribed by

a circle 9 inches maxioum in diamecter.

2/ Pressure up to 100 pounds maximum is permissible when measuring straightness

and twist.
3/ Definitions:
Z designates "equal to or less than."

> designates "greater than."

D designates "maximum deviation from straightness or flatness."
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TABLE VII. Quality conformance sampling (sce 4.1, 4.3, 4.4.6, 4.4.7 and 4.5.2).
Inspection Samples 1/
or
test Heat Lot 3/
2/
Visual examination NA Random samples per MIL-STD-105,
inspection levei II, AQL of 1.5
percent defective.
Dimensional
inspeccion
Chemical analysis Each Random samples per MIL-STD-105,
ingot inspecticn level 5-3, acceptance number
4f 5/ zero, rejection number 1. 4/ 6/
Mechanical NA Product nominsl weight (ib/lineal foor)
properties Under 1.6 1.6 and over
One sample for the One sample for the
firse BOO 1bs or firast 500 fecet or
fraction thereof frection thereof
Metallographic NA plus one gdditional plus one additional
examination sample for each sample for each

subsequent 1600
lbs or fraction
thereof.

subsequent 1000 feet
or fraction thereof.

1/ "NA" indicates 'not applicable.”

/ Unit of sample is ingot.

3/ unic of sample is the nominal length of the extruded product.

4/ Either heat or lot analysis is acceptable.

5/ Complete ingot analysis shall be available to the acquiring activity.

6/  The sample size shall be based only on the applicable sample size code
letter corresponding to the specified ingpection level of MIL-5TD-105.
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TABLE VIII. Mechanical property specimen requirements (see 4.4.7.1).
Product Test specimen
Form Thickness, di- Configuration Test location and
ameter or dis- direction
tance between 1/ 4/
flats (inch)
Round, 0.375 - 1.500 R1, R2 or R3 2/ Center of cross-
square and section
hexagonal 1.501 and over Rl, R2 or R3 Midway between the
bar center and surface
of the cross-section
Rectangular 0.188 - 0.375 F2 3/ Full thickness 5/
bar
0.376 and over R1, RZ or R3 Midway between the
center and the sur-
face on the thickness
centerline
Ocher Unless otherwise specified (see 6.2.1), tension specimens
shapes shall be taken from the predominant arca of the cross-

section in accordance with the requirements specified
for rectangular products.

1/ Configurations shown are for tension specimens.

shall conform to the requirements of ASTM E 9.

Compression specimens

2/ Rl, RZ and R3 designates specimens corresponding to round tension
specimens as specified in ASTM E 8 for 0.500, 0.350 and 0.250 inch

nooinal diameters in the reduced test section, respectively,

in case

of dispute, the results obtained from testing the largest possible of
these three specimen sizes shall govern.

3/ F2 designates standard sheet-type specimens with a 1/2 inch width

reduced teat sectlon as specified in ASTM E B8 for rectangular tension
specimens.,

4/ Unless otherwise specified (see 6.2.1), the longitudinal axis of the
tension specimens shall be parallel to the extruding direction and
shall coincide with the specified test location within a radius of
1/16 inch.

5/ Machining the specimen thickness shall be permitted if it is limited

to the removal of surface imperfections only (sece 3.10).
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TABLE IX. Cross-reference composition classifications (see 6.4).

MIL-T-81556A MIL-T-81556
Commercially pure titanium Type 1 - Commercially pure titenium
CpP-4 A
CcP-3 B
Ccp-2 C
cep-1 D
Alpha titanium alloy 1/ Type 11 - Alpha tirtanfum alley
A=l A (5A1-2.55n)
A-2 B (5A1-2.5Sn (ELI))
A-4 C (BAl-1Mao-~1V)
Alpha-beta titanium olloy Type II1 - Alpha-beta titanium alloy
AB-1 A (6Alr-4V)
AB-2 B (6Al1-4V) (ELY)
AB-3 C (6Al1-6V-25n)
2/ D (7A1-4Mo}
AB-4 3/

Alloy A~3 has nominal composition 6Al1-2Cb-1Ta-0.8Mo (sec MIL-T -90456)
and is not an alloy used for extrusions.

bDeleted composition in this specification.

Composition not covered by this specification.
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