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ALUMINUM ALLOY FORGINGS, HEAT TREATED

This specification is approved for use by all
Departments and Agencies of the Department of
Defense.

1. SCOPE

1.1 Scope. This specification covers the requirements for heat treated
aluminum alloy die forgings, hand forgings, and ring forgings, produced under
additional mechanical property control to ensure known mechanical properties for
parts used in aerospace critical applications. This specification also covers
the requirements for forgings furnished in the F or 01 conditions which will
ultimately be used in the heat treated condition.

1.2 Classification. The aluminum alloy forgings shall be furnished in the
following alloys, tempers and forms, as specified (see 6.2.1):

1,2.1 Alloys and tempers.

2014-F, 01, T6, T652 6061-F, 01, T6, T652 7049-F, 01, T73, T7352
2219-F, 01, T6, T852 6151-F, 01, T6, T652 7050-F, 01, T74, T7452
2618-F, 01, T61 7075-F, 01, T6, T652. T73,

T7352, T74, T7452
7175-F, 01, T74, T7452,

T7454

1.2.2 Form. Forgings sha!l be fur~i~hed in the form of die forgings, hand
forgings or ring forgings. If the form is not specified, manufacturers may use
any form of forging most convenient.

2. APPLICABLE DOCUMENTS

2.1 Governmen.+ documents.

i NO DELIVERABLE 9ATA i?EQUIRED I
—- -.. - - —-____

I 3’fTHIS 00CLJMENT 1-.p - - .- .-

-----
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SPECIFIC4TIGNS

MIL-H-6088
MIL-I-6866
MIL-S-13165
MIL-I-25135

STANDARDS

FEDERAL

FED-STD-151

MILITARY

MIL-STD-41O

r141L-STD-649

MIL-STD-1537

MIL-STD-2154

Heat Treatment of Aluminum Alloys.
Inspection, Penetrant Method of
Shot Peening of Metal Parts.
Inspection Materfals, Pefwtrant.

Metal, Test Methods.

)londe~tructlve Testing Personnel Qualification and
Certtflcation (Eddy Current, Liquid Penetrant,
Magnetic Particle, Radiographic and Ultrasonic).
Aluminum and Magnesium Products, preparation for
Shipment and Storage.
Electrical Conductlvlty Test for Measurement of Heat
Treatment of Aluminum Alloys, Eddy Current Method.
Inspection, Ultrasonic, Hrought Metals, Process for.

(Conies of sDeclficatlons and standards required by manufacturers in connection
with-specific acquisition functfons should be obtained from the contracting activ-
ity or as directed by the contracting officer. )

2.2 Other publications. The following documents form a part of this specifi-
cation to the extent speclfled nereln. The issues of the documents which are in-
dicated as DoD adopted shall be the Issue Ilsted In the current DoOISS and the
supplement thereto, if applfcab~e.

AMERICJ4NSOCIETY FOR TESTING AND MATERIALS (ASTM)

ASTM 9 557 - Tension ~esting Wrought and Cast Aluminum-and Magnesium-Alloy
Products.

ASTM G 47 - Determining Susceptibility to Stress-Corrosion Cracking of
High Strength Aluminum 4I1oY products.

(Application for cooies snould be addressed tc the American Society for Testing
and Materials, 1916 Race Street, ?hiladelphla, PA 19103.)

(Industry associat;cn spec:= icatlons and s:ancards are generally a’~~~lable fcr
referent? from Iibrar.es. They are aisc distr i~uted amng :echnical groups and
using ~edera; agencies. )

2.3 ~-der of precedence. in the event of a ccnfl ict be:ween The :?xt 3? the
saecjfica:ion and the r-eferenc?s cited aer~in. the Text of ;his ;r)ec;=icat:on

-1:;Ind :a~~ precedence

3. ?EWI?E!4ENT —
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3.1 Chemical composition. The chemical campositicn of the forgings shall be
as specified in Table I (see 4.4.1).

3.2 Heat treatment. Unless otherwise specified, forgings shall be neat
treated in accordance with MIL-H-6088. Forgings of alloy 7175 shall be heat
treated in a manner that the heat treated forgings shall conform to all the
requirements of this specification (see 6.1, !0), Discoloration due to heat
treatment shall not be cause for rejection.

3.3 Mechanical properties.

3.3.1 Die forqings. Mechanical properties of die forgings as determined in
accordance with 4.4.2 shall conform to the applicable properties specified in
Tables 11 and III. kJhendie forgings are machined before heat treatment to sizes
within the maximum section thickness specified in Tables 11 and 111, the
mechanical properties in these tables are applicable, provided the as-forged
thickness shall be not more than twice the heat treated thickness. For as-forged
thickness greater than twice the heat treated thickness, the properties shall be
as agreed between the contractor and the forging supplier or between tne
acquiring activity and the forging supplier or contractor (see 6.2.1).

3.3.?.1 Mechanical property control of first production parts. After for$ing
techniques have been established, a forging representative of the first production
parts shall be tested. Tensile test specimens shall be taken from location both
in the direction parallel to, within + lSG of flow lines, and not naral]el to the
forging flow lines. The specimen loc~tion shculd be indicated on ~he forging
engineering drawing. If the specimen locations are not indicated on the forging
engineering drawing, they shall be taken from areas representative of thick and
th~n sections. The flow lines shal! be determined as specified in 4.4.7. The
mechanical properties shall be as specified in Table II and III. For forgings
too small to yield suitable test specimens, the tension test shall be waived or
negotiated between rne contractor and the forging supplier or between the
acquiring activity and the forging supplier or contractor (see 6,2.1). This
mechanical property control shall be repeated after any major change in the
forging process, forging stock size or forging stock.

3.3.1.2 Mechanical property control of production parts. Samples for
mechanical properties of production lots subsequent to the first production lot
shall be taken as specified in 4.3.2.2.2 and shall confarm to the requirements of
Table II and III.

3.3.2 Hand for~ings. The mechanical prcpert:es of ‘and forgings as
determined ~n accordance with 4.4.2 shall conform to the applicable properties
specified in Table IV. The properties specified in Table lV apply to hand
forgings that are essentially rectangular in cross \ect!cn. The requirement of
long transverse and short trans~erse properties applies a;so to squares, even
though transverse dimensions are equal. The forging ?rcce:s shall be controlled
such that, the long transverse directim shall be per~endictilar to the origins?
stock axis, or both short transverse or long tran~verse ~rooerties shall meet the
long transverse properties requirements. The d~rec:ion of the long transverse
properties shall de identified as specified in 3.8, ~or forqin~j too small t:
yield suitable test specimens, The merfiod of tens’le ~e>t ;fiallbe Wai’;ed or
negotiated bet~ee~ tne con:ract~r and Fcrging >uc~lie”.or het~een zne ac~u: -’-;
activity and the fcr~ing su~pl:er or con~ractor ~cee 5 L 1i
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3.3.2.1 Large hand forgings. For hand forgings (1) of greater thickness or
(2) heat treated ifiseczlon thickness greater than covered by this specification,
or (3) when the purpose of conditions under which the forging is to be USed so
dictates, the requirements shall be as spec~fied in the contract, order or
drawing. In such cases, the mechanical properties of test specimens taken from
~oc~t~on~ indl~a~ed on the drawing $hal! be as specified in the ccntract, order
or drawing (see 6.2.1).

3.3.2.2 I’-chined hand forgings. When hand forgings are machined before heat
treatment, the section thickness at time of heat treatment shall determine the
minimum mechanical properties as long as the original (as forged) thiclcness does
not “exceed the maximum thickness for the alloy as shown in Table IV. 14henthe
maximum thickness in Table IV is exceeded by not more than 3 inches, the
applicable thickness to estabiish properties shall be not less than half the
original forged thickness.

3.3.3 Special purpose forgings. Biscuits, octagons, mandrel ring; and contour
hand forginqs shall be classified as special purpose forgings. Mechanical proper-
ties of ;pe~ial purpose forgings shall be as negotiated between the contractor
and the forging supplier or between the acquiring activity and the forging
supplier or contractor (see 6.2.1). Testing to confirm mechanical properties
shall be in accordance with 4.4.2.

3.3.4 Rolled rinq forgings. The mechanical prcoerties of rolled ring forgings
shall be determined in accordance with 4.4.2 and shall conform to applicable
properties specified in Table V. For forgings too small to yield suitable test
specimens, the method of tensile test shall be waived or negotiated between the
contractor and the forging supplier or between the acauiring activity and the
forging suppl!er or contractor (see 6.2.1).

3.3.5 Forging supplied In “r” or “01” condit~ons. The mechanica! properties
of forqinqs Supp]!ed in “F” or “01” conditions shall meet the requirements cf
Tables-ll~ III,”IV and V, or as required by drawing or contract order when heat
treated to specified tempers in accordance with MIL-H-6088.

3.4.1 Resistance to stress-corrosion cracking. FCrglngs of alloys 7049, 7’350,
7075 and 7175 supplied In the T73, T735Z, T74, T745~ and T7454 tempers shall meet
the followlng acceptance criteria, as applicable, and shall exhibit no evidence of
stress-corrasion cracking when subjected to test specified in 4.4.8.

3.4.2 Ac[eutanc~ criteria ‘or stress-corrosion crackina by conductivity test.
The capabiii~y of individual :ots (see 4.3.1) to resist stress-corrosion cracKlnq
:hail !)eaetewmined b:~testing aS specffied in 4.4.9, and us~nq the acceptance
~ri~~ria s~ec;~:ed 3S fO!~CWS ‘or the aDpiicaDie alumlnum a~~cy and :?mper.

3.4.2.1 7049-T73 and 7049-T7352. The acceptance cr!rer:a ‘or roe 7049-T73 ~nd
7049-77352 diuminum a;ioy f~rgings shd]] be dj fG~lowS:

—
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b. If the electrical conductiv’ry is 38.0 to 39.9 percent IACS, Inclusive,
and the longitudinal yield strength doe$ not exceed the specified min-
imum by more thar,9,9 ksi, the lot is acceptable.

c. If the electrical conductivltj i; 38.0 to 39.9 percent IACS, ir?clusi~e,
and the longitudinal yield ctrengtn exceeds the specified minimum by
10.0 k$i or more, the lot is acceptable provided it passes the stre~s-
corrosion test specified in 4.4.8.

d. If the electrical conductivity is less than 38.@ percent IACS, the lot
is unacceptable.

3.4.2.2 7050-T74 and 7050-T7452. The acceptance criteria for the 7050-T74
and 7050-T7452 aluminum alloy forgings shall be as follows:

a. If the electrical conductivity ~~ 38.3 percent IACS or greater and the
longitudinal! Yie]d strength {<X.X ksi) minu~ the electrical conduct-
ivity (XX.X percent IACS) i~ equal to ar less than 32.0, the lot is
acceptable. For die forgings ~nly, the maximum yield strength shall
also be 72 ksi.

b. If the electrical conductivity is 38.0 percent IACS or greater and the
longitudinal yield strength (XX.X ksi) minus the electrical conduct-
ivity (XX.X percert IACS) is greater than 32.0, the lot is acceptable
provided it passes the stre~s-corrosion te~~ specified ic 4.4.8.

c. If the electrical conauctiviry is less than 38.0 percent IACS, the lot
is unacceptable.

3.4.2.3 7075-T73, 7075-T7352, 7075-T74, 7075-T7~52, 7175-T74, 7175-T7452 and
7175-T7454. =e acceptance criteria for the 7075-T73, 7075-T735Z, 7075-T74. ‘--–..-—
7075-T7452, 7175-T74, 7i75-”i/4S2 and 7175-T7454 aluminum alloy forgings shall be
as follows:

a. If the conductivity is 40.0 Dercent IACS or higher and tensile proper-
ties meet the mi~imum value< specified hereir?, the forgings shall be
considered satisfactory.

b. If the electr~cal conductiv’::~ is 38.0 to 39.9 percent IACS, inclujive,
if tensile properties meet the minimum Iimit$ specified herein, and the
longitudinal yielc strength does not e~ceed the specified minimum by
more than 11.9 ksl. the f~rgingr shall be considered ~atisfactory.

c. If conductivity i~ below 40.0 ~ercect IACS arc!the longitudi~al ~ie;lj
+he specified mirimum value by 12.00 ksi o~ r!?ors,thestrength exceeds .

lot is unacceptable.

3.5 Detects..——

I — — 1 I I
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3.5.2 Internal defects. Limits of acceptability for ultrasonic inspection
shall be in accordance wit!? MIL-STD-2154, Class A for hand and ring forgings
~d Class B for die forgings, unless limits for acceptability of finished
forgings are otherwise specified. \/hereforging thickness or configuration will
not permit ultrasonic inspection, the forging stock sha?l be ultrasonically
inspected to Class A limits as agreed upcn by the contractor and the forging
supplier. Nhen die forgings are to be used in applications requiring a quality
level higher than class B limits, or for alloys not cavered herefn, the
r~quirements shail be negotiated among the contractor, forging supplier and
acquisition authority (see 4.4.6 and 6.2.1).

3.6 Grain-flow characteristics, The grain-flou pattern shall conform to
specified forging drawing apprwd by the acquiring activity (see 6.2.1).
Precaution should be taken to auoid simultaneous occurrence of sharply re-entrant
flow lines and high tensile str+sses in the region of the parting
and 6.2.1).

3.7 Tolerances. The forgings shall conform to the shape and d
specified in the contract or purchase order within such variations
shown on the drawings (see 6.2.1).

in; (see 4.4.7

mensions
as may be

3.8 Marking of forqinqs. Forgings shall be marked with the commercial alloy
designation and temper, ultrasonic symbol and the basic specification number in
characters that are clearly legible and that shall not be obliterated by ordinary
handling. For squares, the marking shall be on the face that is parallel to the
direction of the long transverse properties but perpendicular to the direction of
short transverse properties. The marking shall not be a~plied by the impression
method, cr by an electroetch or engraving method, unless it can be determined that
all detrimental effects will be removed by subsequent machining. Hhen specified
<see 6.2.1), the marking of the commercial alloy des~gnation, temper and basic
specification number shall be continuous along the forging length (see 4.4.3).

3.9 Workmanship. The forgings shall be of uniform forging quality and
condltlon, free from blisters, fins, folds, seams, laps, cracks, segregations,
spongy areas or other defects which would adversely affect their serviceability.
Apparent surface defects may be removed as required, provided section thicknesses,
as def!ned by the drawing, can be maintained. Forgings shall not be repaired by
plugging or welding.

4. QUALITY ASSURANCE ?ROVISIONS

4.1 Responsibility for inspection. Unless otherwise specified in the ccnlract
or purchase order, the contractor is responsible for the performance of all
inspection requirements as specified herein. ExceDt as otherwise spec!fied in
the contract or ourcnase Order, the contractor may use his own or any orher
facilitie~ 5u’~301e ‘or :?e zer~or~anc? of the iri;aection requirements sneci=’,ed
Terein, UfIl?SS disaptlroved Oy tne Government. The Government reserves the r;g~t
to perform any of the inspections set fGrtn in the specification where Gu:h
inspecti!)nssre 5eemed neces:~r:~ :I?assur~ sucplles and services conform TO
~re~cribed “2cu’TemenT2.

. ~1---,=r~-r~ -4.- .n :f ‘nsnec:;cns. ‘he i7saecti5n reuuirsments specl=’sd+!C2: -3-

nere’v aye ::;:::--;~,~~~ :U2!1:/ :cn=~rnance ‘ns~ec;~:n: ,:2Q 4.3 thrcugn
1~~.-.4.5).

.

,.

JIIL
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4.3 Sampling. Sampling for each inspect~cn shall be in accordance with
4.3.2.1 through 4.3.3,S, as applicable. Unless otherwise specified, tne samp?e
unit shall be one finished forging and for Section 5 inspection, one container
ready for shipment.

4.3.1 Lot. A lot shall consist of forgings of the same shape, same size,
same alloy, and heat treated and aged in the same furnace charge. If forgings
are heat treated \n a continuous furnace, forgings charged consecutively during
continuous operation of the furnace shall be considered a furnace charge; for
such forgings weighing five pounds or less, the maximum weight of a lot shall be
2,000 pounds, and for larger forg~ngs, it shall be 6,000 pounds.

4.3.2 Tests.

4.3.2.1 Chemical composition. The sampling for chemical analysis shall be
in accordance with 4.3.2. 1.1 and 4.3.2.1.2.

4.3.2. 1.1 Inqot analysis. At least one sample shall be taken from each lot
of ingots of the same alloy poured simultaneously from the same source of molten
metal by the producer and analyzed to determine conformance to 3.1. Ingots not
conforming to this specification shall be rejected. Complete ingot analysis
records shall be maintained by the manufacturer and shall be ava~lable for re’:iew
by the acquiring activity at the producing plant.

4.3.2. 1.2 Flnlshed product analysis. Unless compliance with 4.3.2. 1.1 is
established, one sample shall be taken for chemical analysis from each 2,000
pounds or fraction thereof in a lot for forgings having nominal weight of five
pnunds or less; or one for each 6,000 pounds or fraction therecf in a lot for
forgings having nominal weight over five pounds.

4.3.2.2.1 Hand, rolled ring and special purpose forgings. Unless otherwise
specified, one tension test specimen shall be taken from each lot In each grain
direction for determining the mechanical properties. Specimen type and location
shall be in accordance with ASTM B 557. If a prolongation is used, its minimum
dimension must not be less than the maximum heat treat section thickness of the
forging. Unless otherwise specified, rolled ring forging sections shall be taken
from an area representative of the center of mass where size permits.

4.3.2.2.2 Die forgings. Unless otherwise specified, tension test specimens
shall be taken from a forging or an integral test couDon chosen to represent the
lot. One test specimen shall be taken so that the axis of the specimen i: sub-
stantially aarallel to, within ~ 15”, the direction of fcrging flow lines In the
forging. One additional test specimens shall be taken so that the axis of the
spec
forg

4

4.

men is not parallel to the direction of the forging fl~w lines in the
ng, being as close to tne snort transverse direction as pcssible.

3.3 Examination.

3.3.1 Surface defects.

-1
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4.3.3.1.2 Penetrant inspection. Unless otherwise specified, each forging
shall be 100 percent penetrant inspected (See 4.4.5 and 6.2.1).

—

4.3.3.2 Internal defects. Unless otherwise specified, a~~ forgings shall be
ultrasonically] examineG for internal defects (see 4.4.6 and 6.2.1).

4.3.3.3 Grain flow. After the forging technique Is established for a required
size and shaDe cne sample fronr first production lot shall be se-lectedfor the
grain flow srructure examination. This examination shall be repeated after any
major change in forging technique (see 4.4.7 and 6’.2.1).

4..3.3.4 Stress-corrosion. Sampling for stress-corrosion cracking and electri-
cal conductivity is applicable when testfng forgings of alloy temper combinations
7049-T73, 7049-T7352, 7050-174, 7050-T7452, 7075-T73, 7075-T7352. 7075-T74,
7075-T7452, 7175-T74, 7175-17452 and 7175-T7454 fcr conformance to 3.4.1.

4.3.3.4.1 Stress-corrosion surveillance test. Unless otherwise specified,
each month, at least one forging from each shape aml thickness range, 0.7S0 Inch
and greater, produced during that month from forgings of alloys and tempers noted
In 4.3.3.4, shall be sampled for stress-corrosion testing. The samples shall be
taken from the forgings determined to be acceptable !n accordance with the lot
acceptance criteria specified in 3.4.2.

4.3.3.4.? Ele~trical conductivity. Unless etherwise specified, one forging
from each lot shall be selected for electrical conductivity test.

4.3.3.5 Heat treat capability. Unless otherwise specified, for9in9s in “F”
and “01” conditions shall be sampled and tested In the same manner as comparable
to heat treated forgings. The sample shall be heat treated to the -T6 or -T61
temper, unless ctherw:se spec:fied. or to the final temper as specified in the

‘her acquisition documents.part drawing or CL

4.4 Methods of tests and examination.

4.4.1 Chemical analysis. Samp~fng for chemical analysls shall in accordance
with 4.3.2. 1.1 and 4.3.2.1.2. The chemical analysis of the samples shall be wet
chemical method or spectro chemical method in accordance with Method 111 or 112
of FED-STD-151. In case of d{s?ute, chemical analysis by wet chemical method
shall be the basis for acceptance (see 3.1).

4.4.2 Mechanical Properties. The mechanical properties of the samples
selected in accordance with 4.3.2.2 thr~ugn 4.3.2.2.2 shall be determined as
specified in ASTM 6 557.

4.4.3 Examination ‘or marking. Unlass otherwise specified, each forging
shdil be inspectsd for markings as specified in 3.5.
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a dash In nitric acid or in chromic-sulphuric acid $oiution or other ~olution
that shall produce a ~urface of equivalent suitability for vi~ua~ or penetrant
inspection. After etching, each forging sl-tall be i~~pected visually for ~u’-face
defects ~uch as seams, laps, bursts and quencn cracks (Lee 3.5.1). Parts ~hou!d
be thoroughly dried after each etch dnd rirse :Peration to preven~ fluid
entrapment.

4.4.5 Pecetrant intoectioc. Prior to penetrant Inspection, each forging—— ..—
shall be etched (see 4.4.4), ~ried (see 4.4.4) and penetrant inspected (see
4.3.3.1.2) in accordance with MIL-I-6866, using Group V post-emulsified penetrant
or Group IV water washable penetrant of equivalent sensitivity conforming to
MIL-I-25135 to determine conformance to 3.5.1. Penetrant inspection personnel
s-hallbe cert!fied to NOT Level II in accordance with MIL-STD-41O.

4.4.6 Internal defects. Unless otherwise specified, all forgings (see
4.3.3.2) shall be ultrasonically tested for internal defects in accordance with
!IIL-STD-2154.

4.4.7 Grain flow. After the forging technique it establi~ned for forging a
required size and shape, a sample unit forging, selected as specified in 4.3.3.3,
shall be secttoned and suitably etched to shotithe grain flow of ~tructuie. This
sectioning shall be repeated after any change in the forging technique. Location
of cross sectioning shall be such as to represent principal sections of the
forging, or as agreed upon between the cortractc)r ard the forging suppller or
between t!_Ie acquiring acti~ltj and the fcrging supp:ier :r contractor.

4.4.8 Resistance to stress-corrosion crackir!~. Specimens of aiioys a~d
tempers sDecified in 4.3.3.4, selected for st~~s-corrosion testing, shall be
prepared and tested in accordance with ASTM G 47. The stress-corrosion test
stress level for each alloy temper combination shall be in accordance with
4.4.8.1.

4.4.8.1 Stress-corrosion test stress level. Unless otherwise specifi~d, the
stress level shall be 75 percent of the lorgfiudinal yield ~trength as specified
in Tables II and IV for alloys 7049 and 7075. The stress level for 7050 alloy
shall be 35 ksi. The stress level of alloy 7175 shall be 35 k:i, e~cept for
alloy 7175 hand forgings Exceeding 3.000 inches, where the stress level shail ES
50 oercent of the longitudinal yield ~trength specif!ed i~ Tat)ie iL’.

4.4.9 Electrical conductivi~. Forgings for al~oys and tempers selected ‘CT
conductivity testing (see 4.3.3.4.2) shall be orepared and testes in accc”dance
with WIL-STD-1537 to the criteria specified in 3.4.1.1 thr~ucjh 3.4.2.3.
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a. Taking twi:a ~ne original number ~~ test specimens from an area in
the or:gin31 samcle ‘Qrging ad;?ce~: to the area re?~esented by the
failure.

D. Taking the orig~nal number of test saecimens from an area in each
of two other fGrgings identical to the area in the original sample
forgings rz~resenred by the failure.

c. Both failing initial test data and passing retest data shall be
, retained with the production records.

Should any of these specimens fail to conform to this specification, the entire

lot shall be rejected.

5. PACKAGING

5.1 Preservation, packing and markinq. Preservation, packing and marking
shall be in accordance witn MIL-STD-64!3. The level of preser’~aticr? shall be
Level A or Commercial anc packing shall be Level A, B or Commercial as specified
(see 6.2.1).

6. NOTES

6.1 Intended use. The aluminum alloy forgings of this specif!CatiOn have
characteristics that are intended for use in critical aerospace applications, as
follows:

6.1.2 2219. Alloy 2219 Is used for applications which require gmd weld-
ability and uniformity ef strength cf welds, moderate strength at room temperature
and high strength in the range of 500” to 600”F.

6.1.3 2618. ~;izy 2513 is ~sed f~r e!evated temperature (appro~imately 57S”F)
applications.
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application of this alloy in temper other than T73 because of susceptibility to
stress-corrosion cracking.

6.1.9 7075-T73. Alloy 7075-T73 is recommended for components which are sub-
jected to assembly stresses in transverse direction because of its stress-
corrosion resistance.

6.1.10 7175. Alloy 7175 is recommended for applications requiring high
strength and resistance to stress-corrosion.

6.2 Orderinq data.

6.2.1 Acquisition requirements. Acquisition documents should specify the
followfng:

a. Title, number and date of this specification.

b. Alloy designation, temper, method of forging (see 1.2.1 and 1.2.2)
and grain-flow pattern, if required (see 3.6).

c. Applicable drawings (see 3.3.2.1 and 3.6).

d. Applicable levels of preservation and packing required (see 5.1).

e. The percent of parts to be inspected, when less than 100 percent
ultrasonic inspection is required (see 4.3.3.2).

f. Ultrasonic inspection acceptance cr~terla, If other than required by
3.5.2.

9. The percent of parts to ~~ inspec~ed, when less than 100 percent
penetrant inspection of die forgings is required (see 4.3.3.1.2).

h. Special markings (see 3.8).

i. For special purposes and large forgings or any other options desired
(see 3.3.3 and 6.3).

i For as-forged thickness of die forgings greater than twice the heat
treated thickness, the properties shall be waived or negotiated
between the contractor and forging supplier or between the acquiring
activity and the forging supplier Gr contractor (see 3.3.1).

K. For forgings tw small to yield suitaoie test specimens, The tension
test shall be waived or neqotiat?d between the contractor anc forging
supplier or between the accuiririg activit$ and the forging supplier
or contractor (see 3.3.1.1, 3.3.2 and 3.3.4).

6.3 Special t)urcoses and large fcrqicgs. Attention is called to the
‘eferences herein to specl~l purpose Gr large forgil]cjs.f~r whit!] speci~l
mechanical properties and Inspection procedures are necessar’j. ~pe~lal at:enticn

should be given to in~luding all spec?al inst~uctions on tne dra ;s an@ order-

so that tensile properties and grain flow will be determined at the desire~
areas, and to the determination of nropertie~, particularly ductility and ~ensile

11
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yield strengrh in d:?ections normal to the observed grain flow in critically
stressed areas in the forging.

6.4 Hardness. For information. the minimum Brinell hardness (500 Kuf load.
10 mm diameter ball} usually measured on the surface of the properly he;t treated
forgings is shown in Table VI.

6.5 Change in temper designation. Tempers T736 and T73652 of alloys 7050,
7075 and 7175 hav? been designated as T74 and T7452, respectively. Temper T73654
of alloy 7175 nas been designated as T7454.

6.6 Chanqes from previous tssue. Asterisks ar+ not used in this revision to
identify changes with respect to the previous issue due to the extensiveness of
the changes.

Custodians:
Army - MR
Navy - AS
Air Force - 20

Review activities:
Army - AL, AR, AV, ME, MI
Air Force - 8C, 99
DLA - IS

Preparing activity:
tiavy - AS

(Project FORG-0095)

User activities:
Navy - OS, SH

Downloaded from http://www.everyspec.com



!41L-A,-22771!I

d

a
c

n

m
o

0,

m
o

m
o

“c)m m LA ul
o

0

0 0 0

0 0 0 0 0 0

1-
+

m

s I
0

u ! 1 ,
u-l

II 1 tE’ I 0 I 1 {

z 0 i
~ m m 1

1=
N

.- i

I 0 1 I I I (
0

0
! ( I I t i

v ~’
0 I I {

L
w
0 I

-d

I * I (

a)

.
m
c
m

al
w
al
c
a
m

5
x

o*
La o

N
o
I-4

o 0m
=

o II .
0 1

a
04

0 I
Io 0

II
J)

-d
.a

\
(w

1.
.

—

Downloaded from http://www.everyspec.com
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TABLEII. )~echanical properties of die forgings, specimen axis parallel
TO direction of grain flow lines. ~1

Alloy Maximum Minimum Minimum yield Minimum
and heat treat tensile strength at 0.2 elongation
temper section thickness, srre~gtn, percent offset, In 2 Inches
~/ inches ksi j/ ksi ~1 or 40 4/,

Derceni J/
Up thru 2 65.0 56.0 5

2014-T6 Over 2 thru 3 65.0 55.0 6
Over 3 thru 4 63.0 55.0 6

2219-T6 UP thru 4 58.0 38.0
2618-T61

8
Up thru 4 58.0 45.0 i 4

6061-Tfi Up thru 4 ! 38.9 I 35.0 ~

5151-T6 Up thru 4 J4.~ 37.0 I iO
Up thru 2 77

IL. o 62.0 7
7049-T73 OVer 2 rhru d I 71.2 61.0 7

Over 4 thru 5 70.0 60.0 7
Up thru 2 72.0 62.0 I 7

7050-T74 Over Z thru 4 I 7i.3 61.0 7
~/ Over 4 thru 5 70.0 60.0 7

Over 5 thru 6 70.0 59.0 7
UP thru 1 75.’3 64.0 7
Over 1 rhru 2 :4.) 63,0 7

7075-T6 Over 2 ~hru 3 74.3 63.0 7
Over 3 thrti4 -q

13. 3 62.0 7
Up thru 3 66.0 56.0 I 7

7075-T73 Over 3 thru 4 64.0 55.0 7
Uo thru 3 66.1) 56.0 7

7075-T7352 Over 3 ~tlru4 ~q.g 53.0 7 ,
7075-T74 ~/ Lp thru 3 -.

/3.J 66.0 7
7175-T74 ~/ Up thru 3 76.0 66.0 I 7
7175-T7452 ~/ Up thru 2 73.~ 63.0 7
71750T7454 ~/~Up thru 3 A 75.() 65.0 7

The parallel direction of specimens shall be ~ 15 degrees.

Die forgings in some configurat~ans of these alloys can be purchased in
the heat treated and compression stress relieved T652 temper conforming
to the mechanical property requl‘-~ments specified for T6 temper,
respectively.

Tensile preperty test requirements may be waived or negotiated uetueen
the contractor dna the ‘org!ng sJaOl!er ar cetbeen the acquiring
dctivity and the fcrging ;uopl!er 2r contractor for material ‘n 3Py

D -e~rssen?s :pec:men ‘diamet2~.
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TABLE 111 Mechanical properties of die forgings, specimen axis not parallel
to direction of grain flow lines. ~j— —

Alloy Maximum heat Minimum Minimum yield lMinimum
and ,treat section tensile strength at 0.2 elongation
temper thickness, strength, percent offset, in 2 inches

~1 inches ksi ~f ksi J/ or 4D ~/,
percent ~/

Up thru 1 64.0 55.0 i 3
Over 1 thru 2 64.0 55.0 2

2014=T6 Over 2 thru 3 63.0 54.0 2
Over 3 thru 4 63.0 54.0 2

2219-T6 ,Up thru 4 56.0 36.0 4 —
2618-T61 \Up thru 4 55.0 42.0 4 —
6061-T6 UP thru 4 38.0 35.0 5 -
(j151_T6 Up thru 4 44.0 37.0 6

Up thru 1 71.0 61.0 3
Over 1 thru 3 70.0 60.0 3

7049-T73 Over 3 thru 4 70.0 60.0 2
Over 4 thru 5 68.0 58.0 I 2
Up thru 2 68.0
10ver 2 thru 4

56.0 5
7050-T74 67.0 55.0 I 4 —

t

~1 10ver 4 thru 6 66.@ 54.0 i 3
‘Up thru 1 71.0
]Over 1 thru 2

61.0 3 -
71.0 61.0 3

7n7c TC In---- e AL-.. a -“3.0 60.0 3

1- 10ver 3 thru 4 7(
Up thru 3 62.0 53.0 3

. 7075_T73 o’~er 3 thru 4 61.0 52.0 2
Up thru 3 I 62.0 51.0 3

I
tu13-lt33L Over 3 thru 4 61.0 49.0 2
7A7r TIA cl 11- LLA.. 3 _71.o I-4n I A

3 71.0
7 6R 0-

I 7175-T7454 //IuD

Lnru
thru
thrll

).0 I 60.0

. Df.u.—.—
62.0
55 l-)

—..

I 2

4

4
4

.> 1 tu.u I t 4

1/

4;

5/

5/’—

7/

The parallel direction of specimens shall be ~ 15 degrees.

Die forgings in some configurations of these alloys can be purchased :n
the heat treated and compression stress relieved T652 temper conformi;q
to the mechanical property requirements specified for T5 temper,
respectively.

~ensi;e ~ror)erzy rest requirements may be waived or negotiated ~etwe=~!
‘ne contractor and the forging supplier or between the acqui-;nq.
acrivity and the ‘crging supplier or contr~ctor fcr matsrial ;-Iarv’
directidn in which the jimension is less than 2 irches because ~f ~hs
d~fficulty t~ obtain a tension test specimen suitable for r~uti~e
c~ntrol test!ng (see 6.2.1).
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Amy Maximum hear
and treat section

temper thickness,
inches ~/

Up tnru 2

Minimum Minimum
tensile yield strength
strength, at 0.2 percent
ksi ~1 offset, ksi 2/

65.0 56.0
65.0 56.0
64.0 56.0

.0

Minimum
elongat~on
In 2 inches
or 40 3/.

Axis of
t~s~

specimen
OercenI ~/

8Lengltudinal
Lena trvs.

Longitudinal
Long trvs.
Snort trvs.

Longitudinal
Lonq trvs.
Short trvs.

Longitudinal

I Over.2 thru 3
62.0 55
63.0 1 55

L
8
-1I Over 3 thru 4

I 61.0 54.()
62.0 54.0--—

54.02014-T6
I

over 4 thru S 2Long trvs.
Short trvs. I
Longitudinal-
Long trvs.
Snort trvs.I Cver 5 thru 6 1.0

!.U
60.0 I 52.0
60.0 I 52.0
58.0 qa.0
59.0 ;;.0I
59.0 I 51.0
57.0 i 51.0

IGver 6 thru 7
Longitudinal
Lonq trvs.

----++Short trvs.
LongitudinalI

I over 7 thru 8
I

Long trvs.
Sh~rt trvs.

Longitudinal
Lena trvs.

65.0 ! S6.0 I 8
65.0 56.0 3 I
CA n I 76.0 8 1Longitudinal

Long trvs.
Short trvs.

m

D4.U I

!
2.014-T65Z Over 3 thru 4

m,.Over 4 thru 5
bd.U t 54.() I 7 I

I Gver 5 thru 6

] Cver 6 thrlJ7
I

—

I
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7
$linilmu,m

elongation
~n 2 inches
or 40 3;,

f-

&’ IUP thru LI
i

7’8-’”E=lK#
-L. w I ( *

if- 1

/ I LOrtqitud~Over 4 thru 8
i Lonq tl-v:

I Short tr~i

I
‘Over 2 thru 3 Lonqitudir

Long trv~
I

Short trv
71.0

r 3 thr~

i

I

I

t
66.0

Longitudinal; . 71,~ / —
I LOnq tr~!-,

I

——
‘Over
I 3 thru 4

I
I -

.- I

+JQ-l--
7-

P.d~.=----

1
!J u
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Ailoy

and
temper

7050-T452
(continued;

7~75_T5

TiG:{mum heat ~ i“’:~imum I Minimum Minimum
treai section ~ Axis c? ~tentil~ [ ~ield strefigtn, elongation.
thickn?~~, t?st

inches 4/ ~ specimen ~~;;yyj a:f&tDe;:y;, ‘n 2 ‘n:hes& * > or 4D J/,
! - percenT ~/

Longitudinal 71.0 61.0 9
Of:sr3 zhru 4 ~ LGr?g rf’~s. i 7C.O 59.0 5

Short trvs.! 67.0 I 55.0
I Longitudinal

4
, 70.0 60.0 9

Over 4 rhru 5 I Lonq trvs. 69.0 I 58.0 4
Short trvs. 66.0 54.0 3
Longitudinal 69.0 ! 59.0 9

Cver 5 thru 6 Long trv~. 58.0 55.) 4
Short trvs. 66.0 53.0 ~ 3
Longitudinal 5a.o 58.0 9+

Over 6 thru 7 ~ Long trvs. 67.0 54.0 I 4
Short trv~. 55.0 1 51.0 I 3

Longltudinai 67.0 1 57.0 9 J
Over 7 thru 8 Long trvs. 66.0 I 52.0 4 ‘

Short trvs. 64.0 50.0 3
Longitudinal 74.0 6:.0

I
I 9

Up tnru 2 Lonq rrvs. ~ 73.0 61.0 1 4
Lonaitudi~a~ 73.0 61.0 I 9 1

7-J75_’

Over 2 thru 3 Long trvs. 71.0 I 59.0 1 4 –
Short trv:. 69.0 5a.o ! 3

Longitudinal 71.G ! 60.0 I 8
4 Locg trvr. 7fl~ 53.0 ! 3---

I

I

Shcrt trvt. , 58.0 I 5;.0 1 z
Longitudinal

i
69.0 58.0 7 IJ
m.o\Over 4 thru 5 - Long trv~. 56.0 3

I

t
Short trvs. ~ 66.0 56.0 2

, Longitudi~al 6a.o 56.0 \
i

- 6
10ver 5 thru 5 Lonq trvs. : 56.0 55.0 3

5horr trvs. 65.0 i Go 9L
—

ltiD thru 2
1l ---b-.... , 7? ,> I Ei.o i A iLUI;U L:V>. I 1.3.U !

652

—.— .— —--—-——~
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TABLE IV. Mechanical properties cf hand forginqs. 1/ - Wntinued

Alloy
and

temper

7075-T73

Maximum heat
treat section Axis of
thickness, tsst
inches 4/ specimen

Longitudinal
Up thru 3 Lonq trvs.

Short trvs.
Longitudinal

Over 3 thru 4 Lonq trvs.
i Short trvs.
Longitudinal

]ver 4 thru 5 Lonq trvs.
Short trvs.

Longitudinal
lver 5 thru 6 Long trvs,

Short trvs.
Longitudinal

Jp thru 3 Long trvs.

Minimum I Minimum
tensile yield strength
st]”ength, at 0.2 percent
ksi ~/

I
offset’, ksi ~/

,
66.0 56.0
64.0 54.0
61.0 52,0
64.0 55.-J
63.0 [ 53.0
60.0 51.0

Minimum
elongation

in 2 i~che~

or 4D 3/,
percen~ ~/

7 —
4
2

/ I

66.0 54.ij 7 4

64.0 I 52.0 4
Short trvs. I 61.0 50.0 ~ ~

Longitudinal 64.0 -—~3.() 7
)ver 3 thru 4 Lonq trvs. 63.0 50.0 1 -1 1

Short trvs. 60.0 ~ 48.0
7075-T7352

i
Longitudinal i 62,0 f ~loo 7

GtieI-4 thru 5 Long trvs. i 61.0 I 48.d I 3
Short trvs. ~ 5a.o ! 46.~ ,./

Longitudinal ~
.

61.0 ; 45.0 i 5
Over 5 thru 6 Long trvs. I 59.0 ; 46.0 i

Short trvs. I 57.0 44.0 ;
I Longitudinal ~ 73.0 I 63.0 9
~Up thru 3 Lonq trvs, 71.0 ! ~o.~ ‘“- ~ <

7075-T74 1 Short trvs.j 69.0 6C.O
r

y
i 4

1 I i
lover 3 thru 4

Longitudinal ~ 71.0 61.0 3
Long trvs. ; 7@.O 58.0 5

I
t Short trvs. ; 68.0 57.0

t

I
I 4

Longitudinal ] 68.0 57.0 a
Over 4 thru 5 Lonq trvs. ! 67.9 1 56.0 ~ ~

Short trvs. !4 66.0 55.0 ! J
Longitudinal ~ 65.0 54.0 a

IOver 5 thru 6 [onq trvs. 1 64.0 i 52,@ c
I Short trvs.

-4
63.0 52.0

Longitudinal 71.0 61.0
—.
3

!Up thru 3 Lon :r’lz. 69.0 ~~ o —-—
7~75_~745~! $ficrt t;:/s. 67.9

~/
,Over 3 thru 4
i

&&p -;;l “- +---;

. ,.

I 1..-1 m — L -, .A .- I . - lam 931 m --e . - - I Ln.#u --- I n-w-k I
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7,A6LE IV. Mechanical or~oer~ies of hand fera!nqs. ~/ - Continued

Alloy Maximum neat
treat section
thickness,
inches 4/

~(lnjmum Minimum
:fiela strength el~nga~ion

at 0.2 percent in 2 inches
off:et, ksi ~1 or 40 ~/,

IMinimum

Axis of I
(tensile

test strength,
specimen ksi 2/

Longitudinal 65.0
Long trvs. 64.0
Short trvs. 63.0

Longitudinal 63.0
Long trvs. 61.0

and
temoer

7975-T7452
,y

(continued)

Over 4 thru 5

)ver 5 thru 6
Snort trvs. 60.0

Lon~itudinal 73.13
Jp thru 3

her 3 thru 4

60.0 4
61.0 9
58.0 5
57.0 4
57.0 ;-P * -1

7175-T74 1
y )ver 4 thru 5

==+

Lon trvs.
Short trvs.

Lon ;tudinal
Lonq trvs.

5

U1.u

55.0 I 4 ‘-1I 1

54.0 8
4

52.0 5
52.0 I 4

65.0
64.0iGver 5 thru 6 1

_rt trvs. 63.0
Longitudinal

1
71.0 6i.6 I 9

J

up thru 3 Long trvs. 69.0 58.0 5
Short trvs.~ 67.9 54~

I

4
Longitudinal I 58.9 57.0 9

iGver 3 thru 4 Long trvs. I 67.0 ~~.~ 5
Short trvs. 65.0 51.0 4
Longitudinal 65.0 54.0 8

Cver 4 thru 5 Long trvs. 64.0 52.0 5 !Short trvs. ~~.o 49.0 4
, Longitudinal 63.D 51.0 8

Over 5 thru 5 Long trvs. 51.0 ~9.o 1 5
Short trvj. ~ ~(-J.rJ 46.0 4 )

7175-T7452
g/

Max~mumcross-sectional area is 256 square Incnes except, maximum Cro5s-
secticmal area fcr 2618 alloy ~j 144 square irches.

Tensile proper?y test r~~uirements may be Waived ~r negotiated betweec
the contractor and :ne forging :ugplier or between the acguir’na

—
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TABLE V. hlecnanical properties of rolled ring forging. ~/ ~/

Alloy I Maximum Minimum Minimum Minimum
and heat treat Axis of tensile yield strength eiongatioc

temper section thicknecs test strength at 0.2 percent in Z inches
~ specimen ~1inches k~i JI cffcet, kci ~/I I or 40 $’,

I I ! percent j/
Tangential (j~-~ j 550 7 —

Up thru 2.500 Axial 62.0 : 55.0 I 3 -
Radial 3/ 60.0 1 52.0 2

2014-T6 Tangential 65,0 I 55.0 ; 6 i
and 2.501-3.000 Axial 62.0 I 52.0 } 2

-T652 ~/ Radial 3/ ---1 1
Tangential I 56.0 ‘ ‘--40.0 5 ;

2219-T6 Up thru 2.500 Axial 55.0 37.0 4 i
Radial 3/ 53.0 35.0 2I Tangential 55.0 41.0 5

2618-161 Up thru 2.500 Axial 55.0 41.0 5
Radial 3/ 1 --- ---1 !
Tangential ! 38.0 i 35.0 1 10

UD thru 2.500 Axial 38.0 35.0 8t
6061-T6 ‘ ‘

L
Radial 3/ ~ 37.0 33.0 I i

and Tangential 38.0 35.0 8
-T652 ~} 2.501-3.500

———.
Axial

—————~.
38.0 35.0 ~

~Radial 3/ 37.0 33,0 :
6151-T6 Tangential ‘ 44.0 37,0 5

and Up thru 2.500 Axial I 44.0 35.0 4
-T652 s/ Radial 3/ I 42.0 i 35.0 I ~

Tangential : 73.0 I 62.0 7
Up thru 2.000 Axial 72.0 i

——_
61.0 3

7075-T6 Radial 3/ 680 58,0 ?
and Tangential 71.0 60.0 6

-T652 ~/ 2.001-3.500 Axial 70.0 59.0 3
i Radial 3/ --- --— — A

A cylindrical product of relatively short height circumferentially
rolled from a hollow forged blank.

Applicable only to rings which have an (X)-to-wall thickness ratio of
10/1 or greater. Those having a smaller ratio are subject to special
cegotlation.

Radial properties are not specified requirements. For wall thicknesse~
2 inches and greater, they will be determined when specifically
requested for informational purposes Gnly.

D represents ~pecimer diamter.

Forgings may be a~al]able in the T651 tem~er.
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TABLE VI. Recommended !ilrine?lhardness (minimum). ~/

Commercial designation Brinell hardness
(minimum)

2014-T6 125

2219-T6 100

2618-T61 115

6061-T6 80

6151-T6 90

7049-T73 135

7050-T74 ~1, -T7452 3/ 135

7075-T6 135

7075-T73 130

7175-T74 ~1, -T7452 j/ 135
--

~/ Thfs table Is for information purposes only.

~/ Formerly designated as T736 temper.

~/ Formerly designated as T73652 temper.

1 I I MU-nunn-.

Downloaded from http://www.everyspec.com



.

INSTRUCTIONS. In a contmumu cffo~ LO ~ke our ~t~nd~rdi-tlon d-umen~ better.theDoD provides ttus form for use in

aubrmttmg cornmenu and suggesttona for ~mprovcmenta Ail uaem of ntihtary s~ndardization documen~ areInvrtedtoprov~de
~~tlona. ‘l%isformmay be detxki folded ●iong the hnea indlcst~, tapd slow the Iooae edge (DO NOT STW’LE), and

tiled b ~ltik 5. ~ u SWlrIC u xlblp about P~ICUiBJ probi~m ~e~ such M worduvi which requmd mtapretation, was
too ngld, mstnctive, Iooae, ●mbtguous, or wu Incompsllble, snd gtve proposed wording changes which would aIlev~ate the

~bie~. Enterm block 6 ●ny remsrlu not related to a spemfsc paragraph of tne document. If block 7 1s filiecl out, an

~knowiedgcrnent wili be maiied to You wthm 30 d~ys to iet you know thst your commen~ were received and are be]ng

comde~d.

SOTE Thu form rnaY not b? used to rcquc~~ COpICa O( documenu, nor to request wmvers, devlatlone, or clarification of

specification requwements on current contract4. Comm@nta submitted on thlc form do not conat; tuw or Imply authorization

ta W*JVQ●ny potilon of the ref-nc?d document(c) or to amend contractual requlremenb.

wC) POSTAGE

UECESSAm V

IF MAILED

,N THE

Q% IT EOS7A7ES

Downloaded from http://www.everyspec.com



STANDARDIZATION DOCUMENT IMPROVEMENT PROPOSAL

!41L-A-22771D I ALUMINUM ALLOY FOR GIMGS , HEAT TREATED
L #4AMt OF 8UDti$~lM0 -GANIZATIO* ]4 TVP’Q OF ORGANIZATION (M- OM)

[0 v@Moon

cl we n

lo OTHER (Spuiry) ,
. .

1

PROOLEM AREAS

I C0481- Ool.omol

1 .-

1
DO A“% 1426 ●nEv IOuS EO[?ION IS ~SOLtTE

Downloaded from http://www.everyspec.com


