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MILITARY SPEC1FICATION

TITANIUM AhD TITANILM ALLOYS, EXTRUDED
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This suecificntion1s aoDrOvcd

8ARS AAD SHAPES,

for use
by all”Deportments and ~~encies of the
Department of Defense.

1. SCOPE

1.1 ~. This specificationcoversaircraftquality titaniumand titanium
LI11OYextruded ❑etal bar and shape products.

1.2 Classification. Productsshell be of the following compositions and con-
ditions, as specified (see 6.2.1, 6.5 and Toblcs I and IX).

1.2.1

...

COmpOsit ion.

COntmercia11y pure titanium (CP)

Yield strenRth (Ksi) Code desiunntio”

70 cP-i
55 CP-2
ho CP-3
30 CP-L

Alphn citnnium alloy

Nominal composition Code designation ~1

5A1-2.5Sn A-1
5A1-2.5Sn (ELI) A-2

RAI-lMO-IV A-6

Alpha-beta titanium alloy

Nominal composition

6A I-4v
6A1-6V (EL[)
6A1-6V-2Sn

6A1-2Sn-4Zr-2Mo

~1 A-3 has no!ninol composition

this specification.

Code designation

A8-1
AB-2
AB-3

AB4

6A1-2Cb-lTa-0.8% and is noc subject to

~1 ELI ❑eans “extra low inters ticials. ”

Beneficial comments (recommendations, additions, deletions) and any percfnent data
which may be of use in improving this document should be addressed to: Engineering
Specifications and Standards Department (Code 93) , Naval Engineering Center,
Lakehurst, NJ 08733, by “sing the self-addressed Standnrdizncion Oocument improve-
ment Pronosnl (lIllFfIrm 1426) annenri”~ at the end of this document or bv letter.

FSC 9560
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1.2.2 Condition.

Condition

F
A
DA
ST
STA

2. APPLICABLE DOCUMENTS

2.1 Government documents.

2.1.1 Speciflcntions and standards. Unless otherwise speclficd,the following
specificationsand standardsof the issuelistedin that issueof the Department
of Defense Indexof Specificationsand Stondnrds (OOOISS)specified in the solicl-
cation form o part of this specification to the extent specified herein.

Description(trcncmcnc~

As fabricated
Annealed

Duplex annenled
Solution trcnccd
Solution trentcd and aged

SPECIFICATIONS

MILITARY

NIL-H-81200 -

STANDARDS

FEDERAL

FED-sTD-ISI -

MILITARY

MIL-STD-1OS -

MIL-STO- 129 -
MIL-sTD-163 -

MIL-STO-410 -

Heat Treatment of Titaniumnnd Tttnnium Alloys.

Wtnls; Test Methods.

Somplin8 Procedures and Tables for Inspection

by Attributes.
Mnrking for Shipment ond Stornp,e.
Sccel Mill Products Preporntion for Shipment
and Stornge.
Nondestructive Testing Personnel Qualification
and Cortificaclon (Eddy Current, Liquid Penecrnnc,
%gnetic Portiele;Radiographic and Ultrasonic) .

(Copies of specifications and standards required by mr.nufacturcrs in connection

vith specificncquiaitionfunctionsshould be obtoined from the contracting activity
or as directed by the contracting officer. )

2.2 Other publications. The following documents form n p4rt of this spccift-
cntion to the extent specified herein. The issues of the documents which are fn-

dicated as DoD ndopted shrill be the issue listed in the current DoDISS and the

e.upplement thereto, if applicable.

AMERICAN SOCIETY FOR TESTINC AND MATSRIALS (ASTM)

AsTME8- Tension Testing of Netollfc Materials.

2
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Alioys,ChemicalAnnlysisof.

to theAmericanSocietyfor Testing
PA 19103.)

AEROSPACE NATERIAL SPECIFICATIONS (A..S)

HIL-T-81s56A

AsTn E9- ComoressionTestingof !’lctnlllc?lncerialsOt Room
Temperature.

ASTM E 120 - Titnnium and Titanium A11OVS. Chemical Analysis of.
ASTM E 146 - Zirconium ond Zirconium

(Application for copies should bc addressed
artdMaterials, 1916 Race Srrcct, Philadelphia,

5AE

lilts2249 - Chcmicnl Check Anolysis Limits, Titanium and Titanium
Alloys .

AM 2631 - Ultrasonic Inspcccion of Titnnium Alloys.
A.WS2643 - Structural Exnminntion of TitttniumAlloys, Chemical

Etch inspection Procedure.

AEROSPACE RECOWENOEO PRACTICES (AHP)

ARP 982 - Minimizing Stress Corrosion in Wrought Titanium AL1OY
Products.

(Application for copies should be nddresscd to SAE. 600 Commonwealth Drive,
Wtrrendnle, PA 15096.)

(Indusrry nssocintion specifications nnd standards are generallyavailablefor
referencefrom libraries. They ore also distributed among cechnicol p.roupsand
using Federal ngcncies. )

2.3 Order of prcccdencc. [n the event of o conflicc bccwcen the tcxc of this
specification nnd the rcfercnccs cited horcin, the text of this specification
shall cake precedence.

3. REQUIRE31ENTS

3.1 Nncerial Macerinl for produces supplied in nccordnnce with this specifi-
cation s~aultiplc ❑elted. The final ❑elting cycle shall be consumable
eleccrodc prnccice under vncuum. The initinl and intcrmcdtate melting cycles shall
be consumable clectrodc practice under vacuum, unlcas otherwise spccificd (see
6.2.1). When epccificd (see 6.2.1). the first melting cycle shall be nonconsumable
electrode proctlce under vncuum or inert gns nt o pressure no greater than 250 mm of
mercury and shall employ on electrode tip of either graphite or water-cooled
copper.

3.2 Condition. Unl@ss othervisc spccifiod, extrusions shall be furnished in
the us extruded and anncnlcd (A) condition, with or without subsequent strnightcn-
ing (see 6.2.1).

3.3 Chcmicnl composition. The chemical composiclon, ns determined by heat or
lot analysis. shall be os spccificd in Table I.

. . . .
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3.3.1 Check analysis. Chemical composition vorintlons shall conform to the

requireants of AM!+ 2249.

3.4 MechanicalProPerttee.

3.4.1 Produces supplied. Products supplied in the A, CIA,or STA conditions

(see 1.2.2 far definitions) shall conform to chc ccnsilc property rcquiremenca of
Tables II and 111, os applicable. *en spccificd (see 6.2. 1), nlpha-beta citanl~
alloy products in the A or STA conditions shall conform co the compressive property
requirements of Table 111, os applicable.

3.4.2 Heat-treatment capability. Products supplied in the F or A condition

(see 1.2.2) shall be capable of bein8 heat-created in accordance with FiIL-H-81200
to the tensile property, and, when specified (see 6.2. 1), to the compressive
property requirement of Tables 11 and 111, ae applicable to composition and con-

dition. Such capability shall be demons trntcd when specified (see 6.2.1) .

3.4.3 Mechanical properties of nlphn-beta O11OYS after nuln&. Alpha-beta

alloys supplied in the ST condition (see 1.2.2) shell conform to the tensile

property, and, when specified (see 6.2.1). co the compressive property requirements

of Table 111 os applied to the STA condition when “aged” or “re-solutlon treated
and ttged” in accordance with t41L-H-81200.

3.5 Heat treatment. The heat treatment of produces supplied in accordance
with this spccificncion shall conform to NIL-11-81200.

3.6 Stress rclievin&.

3.6.1 Stretching or etrttighcening. Products which ttrestretchedor stralghcened
in ConditionA, OA or STA shall be stressrelievedin accordancewith Table XV if
the stretching or straightening is perfonncd below the applicable stress relleving

temperature specified in Table IV.

3.6.2 Straightening and ecrctchinis after solution rrentment. Products supplied
in Condition ST, if strnightencd or stretched after being bent treated co this
condition, shall not be stress relieved: however, such products shall be subject

to the ncchnnicnl property requirements specified herein for material supplied in
Condition ST.

3.7 Ultrasonic quttlicy. Unless otherwise specified (see 6.2. 1), products
Bhttllconform co the ultrasonic qunlicy requirc!nenc of Tablo V.

3.8 Microstructure. Products shall have o microstructure characteristic of
extruding above the betn trnnsus ccmperacurc.

3.9 Dimensional tolerances. Unless otherwise specified (see 6.2. 1), dimension-

01 tolerances shall conform to Tnble V1.

3.10 w. Unless ochervise specified (see 6.2. 1), the product shall con-

form to the folloving finish requirements:

n. The surface shitll be free of contnminntion by oxygen
(alpha case), hydrogen, nitrogen and ocher harmful

contamination (eee 3.12).

.4
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b. The product shall be free of surface imperfections
(laps, dents, gougca, die lines, etc. ) with depths
extending beyond chc allowances specified in Table
VI.

3.11 idcncificnclon of produce. Sach strnighc produce 0..5 inch and greater in

outside diameter or least width of flnt surface, where such flat surface is acces-
sible to a ❑arking tool at least 0.5 inch wide and recesses not more then 1.0 inch
beiou che outline of the product, shall be marked in n row of characters recurring
ot intervals noc grcacer than three feet. Harking shall include the basic number

and revision ietter of this specification, producer’s name or trademark, and
product composition, heat or lot number and hcnt crenc condition. The characters

shall be of such size and clarity as to be legible with unaided normsl vision.
The marking fluid residue shall contain not ❑ore! than traces of halogen-bearing
compounds. Such markings shall hove no deleterious effect on the product or its
performance and shall be sufficiently stable to withstand normsl handling, but
shall be capable of being removed in hoc olknlinc cleaning solution without
rubbing.

3.11.1 Sizes and shapes. Products of o size nnd shape, other than described

in 3.11, shall be securely bundled or concninerized (crated. boxed, etc. ) for
shipping. Sach bundle or container shrillbc marked at both ends with the idenci-
fictttion specified in 3.11. l%is identification shall be marked on the container
or embossed on metal or plastic tags securely accached to the bundle or container.

3.12 Worlurmnship. The product shall be uniform in quality and condition, free
from hnrmful O11OY segregation and surface contamination by oxygen (alpha case) ,
hydrogen, nitrogen or other contominnnts, and free from foreign mntertal. It
shall be cienn, sound and free from cracks, pipe, seams and ocher defects detri-

mcncctl to che fnbrlcacion or performance of parts (see b.h.2. 1).

4. QUALITY ASSURAI{CE 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 requiremcnte as specified herein. Sxcepc as otherwise specified in the

contract or purchase order, the contrnccor may use his ovn or any other facilities
suicnble for the performance of the inspection requirements specified herein,
unless disapproved by che Covcrnment. The Government reserves the right co per-
form any of the inspections Bet forth in the specification where such inspections

are deemed necesmry to assure supplies and aarvicea conform to prescribed require-
ments.

6.2 Clossificntion of inspection. The inspection specified herein is classi-
fied us quality conformance inspection.

6.3 Qunlity conformance inspection. The quality conformance inspection shal 1
consist of nll the inspections and tests specified herein.

4.3.1 Samplin&.

4.3.1.1 Inspection lot. Unless otherwise epecificd (see 6.2.1), a 10C shall

5
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consist’of products of the snmc hont, comi?osicion, size, shape and condition pro-
cessed at the same time.

b.3. l.2 Procedure. The procedure for sampllng cnch heat or lot for deter-

mining conformance co the requirmm?nts of this specification shall bc us specified

in Table VII.

6.6 Ficthods of inspection nn~.

fk.4.1 VisurIl examinntiun. Samples .sclccccd in accordance with Table VII shall

be visually exnmined for conformance to the surface imperfections (SCC 3.10),
ident.ffication (SCC 3.1 1) and workmanship (SCC 3.12) requirements.

6.4.2 xetallogrtiphic exiuninaclon.

6.4.2.1 Hacrostructurc. A spcclmcn, nt lC;IRC0.5 Inch lone by full crosB-

scctlon from the back cnd of ench extruded Lcngch, shn 11 be examined for conform-
ance to the ❑acroscructure workmnntihLp (see 3.12) requircmertts. Unless otherwise

specified (see 6.2. l), mncrostructurnl exmmlnoric,n shrill be performed in accordance
with AUS 2643.

4 .6.2.2 Hicrostructucc. In udditlon to the ❑icrostructure cxmninntion required

by AM 2663, conform?ncc co rhe mlcrnstructure (see 3.8) and freedom from eurface
contamination (SCC 3.10) rcqufrcmcnts shal 1 bc dccermlned by examining at lCUSL
one polished nnd ucchcd specimen rrnm each snmplc selected in nccordnncc with
Table VI1. .%mminacion for surfltce Conc:lminntlon SIUI11 be mndc at a magnification
of 100x to 200X ond for gcncrnl micrustrus. turcat 200X to 250X. Other magnifi-
cations shall bc used, os required, to ensure acccptnblc quallty.

4.6.3 Dimensional inspection. Somplcs sclecced Ln nccordancc with Table Vll

for dimensional inspection shnl 1 be mcnsurcd for conformance to the specified
shape or dimensions (SCC 6.2. 1) nntldtmensionai colerancc (see 3.9) requirements.

4.4.4 Ultrasonic impcction. Ultrasunlcnlly inspected product shall be identi-
fied as ngretid upon by the acquiring act LvLcy and the contrnccor (see 6.2. 1).

4..3.h. 1 Inspection personnel. Inspection shall bc performed only by personnel

qualified and certified to Level II or higher In accordance with FlfL-STD-410.

O.L. 1) , C~CtI CXCr UtICO LCngC1l, U.JUU LIWt U UIIU K,cdu.el ,!, Sec., ”,, t,,.1. r.,,lzaa “,

diameter, shall be inspccced in nccordnncc with .A..IS2631 for conforumncc to the
ultrasonic qunlity requirements of 3.7.

4.4.4.3 Inspection of extrusion billets. Unless otherwise specified (see

6.2.1), ultrasonic inspection of biLlecs shrillbe p@rfO~ed in liCU Of such in-
spection of extruded product, when Chc products to bc extruded from these billets
will have thi.ckneoscs or diameters less thnn 0.500 inch, or are expecced co have
surfuces rougher than 250 mlcrolnches, even under condlt ions of best extrusion
practice. Bi Llcts co be lnspectcd shal 1 have surfaces no rougher thnn 250 mlcro-

inches. Inspection shall conform tn AMS 2631 and billets shall be of Qunlity Level
A as a minimum.

6
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4.4.5 Pocm. Sach shipment shell bc itx!pected for conformance co the

packing an~mrking requirements specif ted in 3.1 I.1 and Section 5.

4.4.6 Chemical analysis. Con formnncc to the chemical composition requirements

shall be determined either by heat or 10L onnlysis of samples selected in accord-
ance with Table VII using ASTM E 120 ❑ethods of chemlcnl analysig or FEO-STD- 151,
,Mechod 112.2 of spcctrochemicsl annlystc. Hydrogen sha 11 be ana 1yzcd by the hot

cxcrnccion method specified in ASl?l K 146 nnd shall be determined on each lot ES
shipped . Other analytical methods may be used with the writttin npproval of the

acquiring activity.

b.4.6. l Referee. In case of dispute, the results of referee chemical analy-

sis, by the ASTM E 120 method, shall govern.

6,6.7 Mechanical propcrtv tests. Conformance to :Iremechanical property rc!-

quirements shall be decermincd by testing at least one tensile specimen and, in
Lhe case of akphn-betn O11OYS, nlso onc compression specimen from che back cnd of
cnch sample selected in nccordnncc with Table VII . The product shnl 1 be in chc

heat treat condition ordered (see 6.2. 1), except that for products supplied in the

solution created (ST) condition, the ends cut from the test samples shal 1 be ap,ed
to the STA condition prior to excising the test specimens therefrom.

f..b. 7.1 Tension test. Tension cafitsshal 1 be accomplished in accordance with

ASllf E 8 using ccnsion specimens conforming to Table VIII, except that chc rate of
strain shrill bc 0.003 to 0.007 inch per fnch per ❑inute through the yield strength
and then is irtcrctrsedso ns co produce failure in approximately one additional
❑inute. In case of dispute, the results of rcfcrcc tension tcscs perfnrmed on a
tensile ❑achine having a strain pnccr and using a strain rntc nf 0.005 inch per
inch per ❑inute through the yield strength and n minimum cross-head speed of O. 10
inch per minucc above the yield strength shrill Rovcrn.

4.4.7.2 Compression test. When ctmprcssion proper: lcs meet ing the requirements

of Table 111 are specified (see 6.2.1), tests shall conform to the requirements of
AST?4 E 9. The strain rates shall be chose spccificd in 4.4.7.1.

4.s ~cction nnd retests.

4.5.1 Rejection. Failure of tho test samples co meet the npplicablc require-
ments of this specification shrillbe cause for rejection of the represented lot.

Retesting in accordance with 4.5.2 shall be permitted in the case of conforcmncc
co the ❑echanical propcrcy requlrcm?nrs. Retesting shall be at the discretion of

che producer.

4.5.2 w. The sampling nnd Cest spccim@n rcquircmcnts specified in Table
VI1 and 6.L.7, respectively, shell be tripled for tensile or compression retest,
as applicable. The retest samples shall include o snnplt! irom each of the ex-
truded lengths that failed co meet properties in the original sampling. If one

retest specimen [ails, the lot shall be rejected nnd no further retesting shall

be permitted.

4.5.3 Replacement of test specimens. Replacement of test spccimcns for

reasons other than inferior or defective mncerinl shrill be in occorditncc with FSD-
STD-151.

7
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5. PACSAC INC

5.1 Preservncion/pnckn8 in&. Not npplicnble.

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

5.2.1 Sortin&. UnLCss otherwisespecified,products shall be separated by

size, heat, composi cion nnd condi tion when packed for shipment.

5.2.2 Level A - for domestic shipment and storouc and overseas shipment. Pro-
ducts shall be packed in nccordancc with the requirements of NIL-STD-163, as
referenced for stainless steel.

5.2.3 LeveI C - minimum ❑ilitary pack (for domestic shipment) with iunnediate

use at initial destination. Packogcs vhich require ovcrpocking for acceptance by

the carrier shall bc packed in exterior-type shipping contoincrs In a manner that
will assure safe transportation at the lowest rate to tho point of delivery.
Container shrillmeet, as a minimum, the requirements of rules and regulations

applicable to the ❑ode of trnnsportntitm.

5.3 Morkinu of shipments. In addition co ony .speciol marking required by the
contract or order (see 6.2. 1), shipping containers shall be marked in accordance
with NIL-STD-129. The idtmtlflcation shall be composed of the following informa-

tion listed in the order shown:

n.

b.

c.

d.

e.

f.

s.

h.

i.

j.

Nacionnl stock no. or other identification number as specified
in che acquisition document ~1

TITANIUM OR TITANIUM ALLOY, SXTRUDED WTAL SARS, OR SPECIAL SHAPES,
AIRCRAFT QUALITY (OS applicable)

Size (inches) (cross-section by Lcngch)

Shape no. (if npplicrible)

NIL-T-81556A

Composit ion bent no.

Heat crcntmenc condition

Lot no.

Cross weight (lbs)

Xanufaccurer’s name or trademark

LI The concroctor shrill enter the notional stock no. specified in che acquisition
document or as furnished by the acquiring nctivity. When the mcionnl stock
no. is not provided or available from the acquirin8 activity,leavespace
therefore and enter the stock no. or other identification when provided by che

acquiring activity.

6. NOTES

8

—.

Downloaded from http://www.everyspec.com



MIL-T-81556A

6.1 Intended use. The products acqui~ed ..+er this specification are

for structural applications in airborne vchic .s and equipment.

6.2 OrderinR dntn.

6.2.1 Acquisitionrequirements.Acquisitiondocumentsshouldspecify
following:

8.

b.

c.

d.

e.

f.

B.

h.

i.

J.

k.

1.

❑ .

n.

0.

Title, number, revision letter, date and amendment number

(if any) of this specification.

Composition (see 1.2.1).

Product (bar or shape) size, length, and qunntity desired.

Xelting practice of inicinl and intermediate melts if other
consumable electrode under vacuum (see 3.1).

Heat treat condition (SCI? 1.2.2).

Finish (see 3.IO).

Heat treat response verification (see 3.6.2) .

Dimensional tolerances, special sizes (see 3.9).

intended

the

than

!Jhther ultrasonic qunlity (see 3.7) nnd ultrasonic inspection
(see 6.4.4), IISoppllcablc, is wnlved, whtm con forumme co
either one or the other, or both, is “at desired.

Metallogrnphic examination (see 3.8, 3.10, 3.12 and 4.4.2).

Harking requirements (see 3.11).

Inspcctlon lot consistency (aec 4.3.1.1).

Selection of applicable lCVCI of pricking, i.e. , whether domestic
or ovcrscns Level A or C pricking is required (SCC 5.2).

Additional marking, if necessary (see 4.4.6 and 5.3).

Whether compression properties are required (see 3.6 and 4.4.7).

6.4 Oefinicions.

6.4.1 Extruded bar. A solid section, long in relntion to its cross sectional

dimensions, having n symmetrical cross section that is round, square or rectangular
(excluding flattened wire) with sharp or rounded corners or edges; or is a regular
hexagon or octagon, and whoee width or greatest dietnnce between parallel face$ is
3/8 inch or grcnter.

9
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6.4.2 Estruded shape. A section produced by extrusion chat is long in relation

to its cross sectional dimension and hns n cro.m acction of other than that of
bar.

6.&.3 Capability. The words “shall be capable of” ore used co indicate chnr-

ncceriscics or properties required in the product but for which testing of each
lot is not required. However, if such tenting is performed, products not con-

forming to the requiremcnta of this specification shrillbe subject co rejection.

6.5 Croes-refecencfi. Toble IX shows the correlation betueen the coaposi:ion

classifications used in this specification and the previous classifications used
in NIL-T-81556.

6.6 Revised clnsstficotion coding system. The cln.ssification coding system

introduced in this specification (see 1.2.1) [s designed to satisfy che following
criteria:

Brevity, the importance of which is emphasized by the fifteen (15)
digit restriction of the federal system for productidentiflc?tion,
orderingand cataloging.

Adaptability across o range of specifications and other documents,
such os, FIIL-T-90~6, NIL-R-81 588, MIL-T-9047 ond !iIL-ROBK-5.

Ease of recognition of grade of purity and alloy composiclon.

8.

b.

c.

6.6.1 Oesign of codinu ayatem.

6.6. 1.1 Ldencificncion of type classes. Tho coding eyscem uses one or two

letters co identify the type closs into which eoch grade or alloy falls. These
letters are keyed to the four claas names which are in wide use. Such c0din8 is
brief and makL?B for cnsicr recognition chon coding through the use of Romon
numerals. Thus , “CP” is used co identify titonium of commercial purity grades;

“A” identifies all ALPHA titanium ollOye: “AB” identlf ics ALPRA-BSTA alloys; and

“B” identifies all BETA O11OYS.

6.6. 1.2 Number codinR of CP grndes and alloys.

6.6. 1.2.1 Numberinu of CP grades. The order of numbering CP titanium grades
follows directly the order of incrcttsing purtty with reepecc to oxygen concen-

tration. This sequence is the reverse of the order of ChtIn8f2Sin yield strength.

Such numerical sequencing wna selected because the thrust of development of the CP
grades has generally been in the direction of incrcascd purity, for example, the
two grades of weld filler ❑etal (see NIL-R-81588). It does noc appear chat there
will be any additional effort to strengthen CP titnnium by increasing oxygen

concentration beyond thnc of CP-1 .

6.6. 1.2.2 Numberlnx of alloys. The order of numbering alloys, generally

follows the historical nnd present breadth nnd volume of usnp,e of each alloy.
Thus, 5A1-2.5Sn is coded A-1 and 6A1-4V is coded AB-1. The &Yn nlphn-beta alloy,

althou8h of 8reater oge than AB-1, has not cnjoyad the usage of AB-1 nnd is

assi8ned a higher number such os AB-6.

10
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6.6.2 uNS COdinR sygtem. This coding sys*.m has

into che subjecc specificatoin. Nowever. the JSt12M
been considered for adoption
hoe not been adopted because

its products-code designations are not brief and make product identification
difficult and subject to error without the use of o catalog.

6.7 Changes from previous issue. Asterisks are not used in this re~,fsion to

identify chnnges with respect to chc previous issue due to the extensiveness of
the changes.

Custodians: Preparing activity:

ArV,y- XR Navy - AS
Navy - AS
Air Force - 20 (Project 9560-0060)

Review activities:
Arny - AR, ;.11
Air Force - 99

User activities:
Army - CR
Navy - OS

11
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xIL-T-81 556A

TABLE 1. Chemlcnl composition, percent by weight (see 3.3) . - Continued

%aximum. unless otherwise specified.

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

:;eed noc be determined routinely. tintcrial shall ❑eet stated limits

when analyzed . Unless otherwise noted, other elements each shall be O. 10

percent maximum.

Iron plus oxygen shall not exceed 0.32 percent.

Ocher elemente each ehall be 0.05 oerccnt maximum.

“}lin ys” = ❑inimum yield strength at 0.2 percent offset, Ksi.

“ELI” - cxtrn low incerstitia Is.

A-3 classificationhas nominalcomposition: 6A1-2cb-lTa-0.&%
and is nOt a subject of this specification (tfIL-T-81556A)

Yttrium shall noc exceed 0.005 percent.

Zirconium shall be 3.60 - 4.60 percent.

Silicon shrill bc 0.06 - 0.10 pcrccnt.

TABLE II. Tensile properties of commercially pure and alpha titanium alloys.

(S@e 3.4.1 and 3.4.2)

Alloy Thickness, Tensile Yield strenBth Elon&ncion,

(code desig- diamoter or strength, at 0.2 percent percent in

nation ond distance be- offset, Kei 2-inches or

composl tion) tween flats (U%) (mIn) 40 (mIn)

(inches)
~1

Commrciolly pure titanium

I Condition A

CP- 1 0.IB8 - 1.000 80 70 15

1.001 - 2.000 80 70 12

2.001 - 3.000 80 70 10

CP-2 0.18B - 1.000 65 55 18

1.001 - 2..000 65 55 1s

Z.ool - 3.000 65 55 12
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HIL-T-81556A

TABLE xI. Tensile properties of coanncrclnlly pure nnd alpha titanium alloys.

(see 3.4.1 and 3.6.2) - Continued

Alloy

(code desig-
nation end

composition)

ECP-3

CP-4

A-1

:5A1-2.5Sn)

A-2
:5A1-2.5sn(ELI)~

A-4
(8A1-l?fo-lV)

Thickness,
diameter or
distance be-
tween flats

(inches)
Al

Tenslh?

strength,
Xsl
(rein)

Yield etrength
at 0.2 percent
offset,Xsl

(rein)

Elongation,

percent in
2-inches o:

4D (rein)

Commercially pure titonium - Continued

Condition A

0.188 - 1.000 50 40 20

1.001 - 2.000 50 40 16

2.001 - 3.000 50 40 15

0.188 - 1.000 40 30 25

1.001 - 2.000 40 30 20

2.001 - 3.000 40
I

30 18

Alpha titanium O11OYS

Condition A

0.188 - 1.000 120 115 10

1.001 - 2.000 11s 110 10

2.001 - 3.000 115 110 8

3.ooi - 4.000 115 110 6

t

0.188 - 1.000 100

0.18B - 0.500 lhs

0.501 - 1.000 140

1.001 - 2.500 I30

2.501 - 4.000 120

95

135

130

120

110

10

i

!i~f

$

~~

Al Thickness of the cross -sect ton from which the specimen is taken shall
dccermine the applicable tensile proper tica.

14

. . . . . . . .

10

10

10

8

Condition DA

0.188 - 1.000 130 120 10

1.001 - 2.000 12s 115 10

2.001 - 4.000 120 110 8

—
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MIL-T -81556A

TASLE 111. Tensile and comvreseive properties of nlphn-beta titanium alloys.

(m?e 3.4.1, 3.6.2 nnd 3.4.3) - Continued

Thickness of the cross eeccion from which the specimen ts taken shall

determine the applicable tene ile propert iee.

tlininum yield scrcnsth, except where minimum - ITXIXiIIIIJIDr0n8@ iS
specifleii.

Not applicable co thicknesses

Not applicable to thicknesses

Values apply to nll thickness

longitudinal direction; vnlue
verse direction.

under 0.062 inch.

under 0.335 inch.

ranges. First value applies to the

in pnrenchcses npplics to the trnns-

TASLE IV. Stress relievin8 (see 3.6.11. Al

Alloy
(codedaalg- Stress relievingschedule
nntian and
cornpostt ion A ~j DA ~f STA ~1

commercially pure titanium

I All I y 41 I 41 1
Alpha titanium alloys

A-i and A-2 1200° t 25°F ~j ~f

(5A2-2. 5Sn and for 2 hour8,

5Ai-2.5Sn (ELI)) ❑inimum

A-h i100° f 25°F 1000° t 25°F ~/

(SA1-MO-l V) for 30 to 60 for 30 to 60

minutes minutes

Alpha-beta titanium O11OYS

m-i (6Ai-4v) i100° - i200°F g 915° t 25°F
for i hour, for 2 to 2-111

M-2 (6A1-4V (ELI)) minimum hours

AS-3 (6A1-6V-2Sn)

16

-. —.—.=-
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HIL-T-81556A

TABLE IV. Stress relieving (see 3.6. 1). - Conzinued ~!

y Stress relieving shall conform to t41L-H-81200, except that the stress
relievfng schedule shall be as specified herein.

II Heat treat condition of the material.

~1 Stress relieve per MIL-H-81200 schedules.

LJ Noc applicable.

TA8LE v . Ultrasonic quality (see 3.7).

Specified diameter- rod;
Specified thickness - bar; Ultrasonic clnssificntion ~/
Specified thickness - shape

0.500 - 1.500 inches AA

1.501 - 7.00 inches Al

7.01 inches and greater A

y Classification aCCordin8 to AM 2631 (Grade I if double melted,

Grade 2 If triple ❑elted).

17
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NIL-T-81556A

TABLE VI. Dimensional tolerances (see 3.9) . Al

Specified section thickness, inches Tolerance, inch Allowable depth of

plus minus surface defects, inch

O - 0.250 0.040 0.000 0.008

0.251 - 0.500 0.0.40 0.000 0.010

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 0.000 0.040

5.001 - 9.000 0.124 0.000 0.062

Parameter I Radius location

Corner ,. (. Orner

(7IIradius 2. Ffllct

2.1 Less than 70° lncl angle

2.2 70° incl nnglc or greater

dIncluded ~ –Fillet 2.2.1 Diam circumscribing
angle radius circle les~ than 5-1/2

inches
2.2.2 ftinm circumscribing

ctrclc 5-1/2 inches
or greater.

Tolerance
inch

: 0.032

: 0.062

t 0.062

2 0.062

Nin specified
rnd lus, inch

0.062

0.375

0.188

0.375

r Parameter I Tolernncc

Angle (degrees) * 2 Ocgrccs

Platness ~1

A

~:
Width (W), inch o (max) . inch

i.000 and under 0.010

d over i.000 0.010 X width

~--

in inches

In any onc inch 0.010

18
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MI L-T-81556A

TABLE VI. Dimensional tolerances (see 3.9) . ~1 - Continued

Paramecer Tolerance

.ongitudirml bow ~/ ~/ Length(L), fc D (max) , inch

5 and under O. 125

-d :::f..f@. ::::’’””’’”

L ~ :C)o (i”c~) J

,OnBitudinnl Cwist ~t ~1 M w o (Max), inch

q!& ~: i:=’ ~~xengh
in feet

W (in

,engch dimension + 0.25, - 0 inch

squarenessof cut (maximumdeviationfrom square) 3 dc~rces

AI Applicable tO products hnving n cross-section that can be circumscribed by
o circle 9 inches maximum in dinmcccr.

~1 Pressure up to 100 pounds maximum is permissible when ansuring straightness
and twist.

y Dcfinicions:

~ designates

> designates

D designates

“equnI to or less chnn.”

“greater chun.”

“maximum dcvlncion from straightness or flatness. ”

19
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MIL-T-81556A

TABLE VII. Quality conformance snmpling (see h.1, 4.3, 6.4.6, 4.4.1 and 4.5.2).

lnspecrion SnmplcsAl
or
Cest Heat LOK ~f

~1

Visual examination NA Random samples per MlL-STO-lOS,
inspection level II, AQL of 1.5

pcrcenc dcfectivc.

Oinensionnl
inspection

Chemical annXysis Sach Random samples per MIL-STD-105,
ingot Lnspcction level S-3, acceptance number

&l 51 zero,-- rcjeccion number 1. if 2J

Flechrtnicnl NA Product nominal weight (lb/lineal foot)

properties Under 1.6 1.6 and over

One sample for the One sample for the
first 800 lbs or first 500 feet or
fraction thereof frnction thereof

Netallog?nphic NA PIUS one additional

examination

plus one additional
sample for each sample for each
subsequent 1600 subsequent 1000 feet
lbs or frnct ion or fraction thereof.
thereof.

“MA” fndfcates “not appl!cablc. ”

Unit of sample is ingot.

Unit of sample is the nominallengthof [ho extrudedProduct.

Eitherheat or lot analysisis acceptable.

Conplete ingot analysis shall be available to the acquiring activity.

The sample size shall be based only on the applicable sample size code

letter corresponding co the specified inspection lcvel of NIL-STD-105.

. .

20

Downloaded from http://www.everyspec.com



MIL-T-81556A

TABLE VIII. Uechnnical property specimen requirements (see 4.6.7.1).

Product Test specimen

Form Thickness, di- Con flguraclon Test location and

itmccer or mis- direction

tance between Al &l

flats (inch)

tound, 0.375 - 1.500 Rl, R2 or R3 ~1 Cenccr of crOss-

Squnre and section

texagonnl 1.501 and over RI, R2 or R3 t.lidwaybetween the

m r center and surface
of the cross -secclon

rectangular 0.188 - 0.375 F2 y Full thickness ~/

Bar
0.376 and over Rl, R2 or R3 )41dway between the

cencer and the sur-
face on the thickness

centerline

)chcr Unlessothervisespecified(see 6.2.1), tension specimens

;hapes shall be tnken from the predominant area of the cross-
scction In nccordnnce with the requi rcnents specified
for rectangular products.

Conf iguracions shown ore for tension specimens. Compression specimens
shall conform co the requiremence of ASTM E 9.

RI , R2 and R3 designates specimens corresponding to round tension

specimens as specified in ASTM E 8 for 0.500, 0.350 and 0.250 inch
nominal diameters in the reduced test section, respectively. In case

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

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

reduced test ecccion as apccffiedin AS~ E 6 for rectangulartension
specimens.

unless otherwise specified (see 6.2. l). the longitudinal axis of the

tension specimens shall be parallel to the extruding direction and
shall coincide with the specified teSC location within a radius of
1/16 inch.

Machining the specimen thickness shall be permitted if it is limited

to the removal of surface imperfections only (SCC 3. 10).

21
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NIL-T-81556A

TABLE IX. Cross-reference composition classifications (see 6.4)..

MIL-T-81556A MIL-T-81556

:omnercially pure titanium Type I - Con!rmrcially pure titenium

cP-b A

CP-3 B

CP-2 c

CP-1 D

Alpha Litnnium O11OY ~/ Type 11 - Alpha titanium alloy

A- 1 A (5A1-2.5Sn)

A-2 B (5 A1-2.5Sn (ELI))

A-4 c (8 A1-lMo-IV)

Alpha-beta titanium alloy Type 111 - Alpha-beta titanium alloy

As- 1 A (6A1-4V)

AS- 2 B (6A1-4v) (ELI)

AS-3 c (6 A1-6v-2Sn)

gf D (7A1-4Ho)

AB-4 ~1

Alloy A-3 has nominal composition 6A1-2Cb-lTa-O.8Mo (.=c MIL-T-90~6)
and is noc an alloy used for extrusions.

Oelcccd composition in this specification.

Composition not covered by this specification

22
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ST ANDARDIZAT ION DOCUtAENT lhlPt7DVChiENT PRDPOSAL ~
1—
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lh? 1426 w.. trcelwd ●nd when any .ppropfi. tv .ctiono. it will b? compl. wd.
NOTU This fovm, hall not b. .s.dtowbmilr.q.rsu lot w.i.cr., drvi. tionsor cl.rific.tionof specilicatio.
r.wnem. nte On cun. nt contr. cls. Cornmwnu ,ubmit ted c.. this f.xmdo not .o.sl itut. c., imply ..thoritatio.
to W.W any portion of thr tefrten.rd do. umtnl[a)or toamrnd contr. ctuat,.quifemrnls.

>OCUUIN1 tOLMTlS4C-,S”m.,?,.MO ItI&t TITAXIW AND TITANIUN ALLOYS, FXTRUDSD BARS AhD

e. mEcOM” EN Of OwOmol NGc HANGE

C. REASONFOm RCCCIUUCMO EOCMANGE{S)

,0!4, TTfo OY Im.t.d.. l,p.alum. ..d.do,fl-u, fl.. u,
r’

LEPMONENO.

t——————
I

l),~:a 1426 EOOIION OF I JAN 72 VOILL 0[ US EOUM1, L Ex?IAu ST CO.

.. -.-— ----- . . --- ._

Downloaded from http://www.everyspec.com



-.

POLO

OEMflTUENT OF TNE NAVY

111111
OF FKIAL ELEJSIIWSS

PENALTY FOI? WIIVATE USE $JOO

[

BUSINESS REPLY MAIL
6,RST C1. aS3 PC RMI1 NO. t2501 W* SDI1NO1ON 0. C.

1

PO.5TAOE WILL OE PA1O BY TME OEPAIETMENT OF THE NAVY

WGINESRINC SI, SC1FICA’I’1ONS ANIJ STANDARDS

DEPARTMENT (CODE 93)
NAVAI. AIR ESCINESRING CENTER

LAKENURST, S.1 08733

El
NOPOSTAGE “
NECESSARY
IF MAILED I

IN THE
uNITED STATES

— .-

... . . . . . . . . ... . .-. — ----

Downloaded from http://www.everyspec.com


