@ A = The Engineering Society REV.

QAFE
For Advancing Mobility e AS1990
=Y AEROSPACE B

Land Sea Air and Space

INTERNATIONAL STANDARD

. | Issued 1990-01
400 Commonwealth Drive, Warrendale, PA 15096-0001 Revised 1999-04
Submitted for recognition as an American National Standard Superseding AS1990A

Aluminum Alloy Tempers

1. SCOPE:
The purpose of this SAE Aerospace Standard (AS) is to provide a description of the|temper
nomenclature system for aluminum alloys used in the aerospace industry by combirning information
from different sdurces for the benefit of the user.

2. REFERENCES:
For further information on the tempers described in this document see:
ASTM E 29 Using Significant Digits in Test Data to Determine Conformange With

Specification

ANSI H35.1/H3%.1M American National Standard:Alloy and Temper Designation Systems for

Aluminum
Tempers for Alupinum and Aluminum Alloys Products - Published by The Aluminum Association, Inc.
Aluminum Standards and Data - Published by The Aluminum Association, Inc.

3. GENERAL:
The tempers us¢d with aluminum alloys as registered with The Aluminum Associatipn provide

information regdrdingthe basic operations used for making the property levels for the alloy and temper
registered for the product.

This document provides information as to the general rules used by The Aluminum Association for
describing the alloy-temper system (see Section 4). This section is an extraction from

ANSI H35.1/H35.1M. This document also provides a list of alloy and tempers used in aerospace
applications. The product form and the basic operations that determine the temper are shown

(see Section 5). However, some of these alloy temper combinations are not currently used and may
not be readily available.
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4. GENERAL RULES DESCRIBING THE ALUMINUM, ALUMINUM ALLOY-TEMPER SYSTEM:

The rules upon which this system is based are established by and can only be modified by
ANSI Committee H35.

4.1 Temper Designation System:

The temper designation system is used for all forms of wrought and cast aluminum and aluminum

alloys except i
tempers. The

hyphen. Basic

temper designation follows the alloy designation, the two being.sep
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sequences of
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4.2 Subdivisions of Basic Tempers:

4.2.1 Subdivision of H Temper: Strain-Hardened:

4.2.1.1 The first digit following the H indicates the specific combination of basic operations, as follows:

42.1.2

H1 Strain-hardened only. Applies to products that are strain-hardened to obtain the desired
strength without supplementary thermal treatment. The number following this designation

indicates the degree of strain-hardening.

H2 Straip-hardened and partially annealed. Applies to products that &re-stra
than the desired final amount and then reduced in strength to the desired
annepling. For alloys that age-soften at room temperature, the‘H2 tempe
minimum ultimate tensile strength as the corresponding H3\tempers. Fo
H2 tgmpers have the same minimum ultimate tensile strength as the cortf
tempgrs and slightly higher elongation. The number fallowing this design
degrge of strain-hardening remaining after the product has been partially

H3 Straip-hardened and stabilized. Applies to ptéducts that are strain-harde
mechanical properties are stabilized eithertby a low temperature thermal
resulf of heat introduced during fabrication. Stabilization usually improve
designation is applicable only to those, alloys which, unless stabilized, gra
at room temperature. The number following this designation indicates th
strairj-hardening remaining after.ithe stabilization treatment.

The digit fdllowing the designations H1X, H2X, and H3X indicates the degree of
Numeral 8|has been assignedjto indicate tempers having an ultimate tensile sf
to that achleved by a cold ¥eduction [temperature during reduction not to exceg
of approximately 75% fellowing a full anneal. Tempers between O (annealed)
designated by numerals 1 through 7. Material having an ultimate tensile stren
between that of thexO temper and that of the 8 temper is designated by the nu
midway betweenr the O and 4 tempers by the numeral 2; and about midway be
tempers by the'numeral 6. Numeral 9 designates tempers whose minimum ulf

n-hardened more
level by partial
rs have the same
- other alloys, the
esponding H1
htion indicates the
annealed.
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treatment or as a
S ductility. This
(dually age-soften
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rength equivalent
bd 122 °F (50 °C)]
and 8 are

pth about midway
meral 4; about
tween the 4 and 8
imate tensile

strength exceeds that of the 8 temper by 2.0 KSi (14 MPa) or more. For two-digit H tempers with
an odd second digit, the standard limits for strength are the arithmetic mean, rounded to the
nearest multiple of 1.0 ksi (5 MPa) in conformance with ASTM E 29, of the standard limits for the

adjacent two-digit H tempers with an even second digit.
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4.2.1.2.1 For alloys that cannot be cold reduced 75% after full anneal to establish an ultimate tensile
strength applicable to the HX8 temper, the HX6 temper tensile strength may be established by
a cold reduction of approximately 55% following a full anneal, or the HX4 temper tensile
strength may be established by a cold reduction of approximately 35% after a full anneal.

4.2.1.3 The third digitl, when used, indicates a variation of a two-digit temper. It is used when the
degree of control of temper or the mechanical properties, or both, differ from, but are close to,
that (or those) for the two-digit H temper designation to which it is added, or when some other
characterigtic is significantly affected. (See Annex for assigned three-digit H tempers.)

4.2.1.3.1 The minimum ultimate tensile strength of a three-digit H temper must be-at lgast as close to
that of the corresponding two-digit H temper as it is to the adjacentdwo-digit H tempers.
Products|in the H temper with mechanical properties below H_1¢shall be varjations of H_1.

4.2.2 Subdivision ¢f T Temper: Thermally Treated:

4.2.2.1 Numerals 1 through 10 following the T indicate specific.sequences of basic tregtments, as
follows?:

T1 Cooled from an elevated temperature shaping process and naturally aged to a substantially
stablg¢ condition. Applies to products that-are not cold worked after cooling from an
elevated temperature shaping process, or in which the effect of cold work in flattening or
straightening may not be recognized’in mechanical property limits.

T2 Cooled from an elevated temperature shaping process, cold worked, and naturally aged to
a sufystantially stable condition. Applies to products that are cold worked to improve
strenpth after cooling ffom an elevated temperature shaping process, or {n which the effect
of cold work in flattening or straightening is recognized in mechanical prdperty limits.

1. Numerals 1 through 9 may be arbitrarily assigned as the third digit and registered with The Aluminum Association for an alloy and product to
indicate a variation of a two-digit H temper.

2. A period of natural aging at room temperature may occur between or after the operations listed for the T tempers. Control of this period is
exercised when it is metallurgically important.
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4.2.2.1 (Continued):

T3
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T6

T7

T8

T9

T10

Solution heat-treated®, cold worked, and naturally aged to a substantially stable condition.
Applies to products that are cold worked to improve strength after solution heat-treatment,
or in which the effect of cold work in flattening or straightening is recognized in mechanical
property limits.

Solution heat-treated® and naturally aged to a substantially stable condition. Applies to
products that are not cold worked after solution heat-treatment, or in which the effect of cold

work
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ty.
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vorked to improve strength, or in which the effect of cold work in flat
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vorked-to improve strength.
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ture shaping
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bd after solution heat-treatment, or in which, the“effect of cold work i flattening or

icts that are

ially aged after solution heat-treatiment to carry them beyond a poinf of maximum

cast products that
nd strength

products that are
tening or

products that are

bdfrom an elevated temperature shaping process, cold worked, ang

then artificially

aged

. Applies o products that are cold worked to improve strength, or in which the effect of
cold work in flattening or straightening is recognized in mechanical property limits.

3. Solution heat-treatment is achieved by heating cast or wrought products to a suitable temperature, holding at that temperature long enough to
allow constituents to enter into solid solution and cooling rapidly enough to hold the constituents in solution. Some 6000 series alloys attain
the same specified mechanical properties whether furnace solution heat treated or cooled from an elevated temperature shaping process at a
rate rapid enough to hold constituents in solution. In such cases the temper designations T3, T4, T6, T7, T8, and T9 are used to apply to
either process and are appropriate designations.

4. For this purpose, characteristic is something other than mechanical properties. The test method and limit used to evaluate material for this
characteristic are specified at the time of the temper registration.
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4.2.2.2 Additional digits5, the first of which shall not be zero, may be added to designations T1 through
T10 to indicate a variation in treatment that significantly alters the characteristics of the product.
(See Annex for specific additional digits for T tempers.)

4.3 Variations of O Temper: Annealed:

4.3.1 A digit following the O, when used, indicates a product in the annealed condition having special
characteristics. As the O temper is not part of the strain-hardened (H) series, variations of O

temper shaII(Lnot apply to products that are strain-hardened after annealing and.i
of strain-hardlening is recognized in the mechanical properties or other charactei

5. LIST OF ALLOY]
5.1 General:

The following |
temper receive
the registratior
be obtained th

-TEMPERS OF INTEREST TO THE AEROSPACE INDUSTRY:

sting provides information as to the metallurgical process a particul
s beginning with solution heat treatment. The.listis not intended to |
or of the application for which the alloy-temper was designed. Thi
rough The Aluminum Association or anjhterested supplier.

n which the effect
istics.

ar alloy and
be a description of
5 information can

5. Additional digits may be arbitrarily assigned and registered with The Aluminum Association for an alloy and product to indicate a variation of
tempers T1 through T10 (see footnote 1). Variations in treatment that do not alter the characteristics of the product are considered alternate
treatments for which additional digits are not assigned.
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5.2 Castings:
Process codes are as presented in Table 1.

AA - Artificial age

SHT - Solution heat treat
NA - Natural age

AO - Overaged

M - Indicates the primary process variable modified to develop the characteristi¢s associated with
the temper variation. The significance of the numbers contained in thetémper designation is
not deflned beyond what is shown in Section 4.

TABLE 1 - Process Codes
Alloy-Temper Process Used to Qbtain Temper
201.0 T4 SHT-NA
A201.0 T7 SHT-AO
A205.0 T7 SHT-AO
206.0 T4 SHT-NA

T7 SHTAO
T4 SHT-NA
T71 SHT-AOy,
2220 T4 SHT-NA
T61 SHT-AA
242.0 F As Cast
T4 SHT-NA
T571 F Temper and AA
T61 SHT (quench by air blast) - AA
243.0 T41 SHT-NA
T6+ SHFAA
2950 T4 SHT-NA
T62 SHT-AA
296.0 T4 SHT-NA
T6 SHT-AA
319.0 T4 SHT-NA
T6 SHT-AA
354.0 T41 SHT-NA

T61 SHT-AA
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TABLE 1 (Continued)

Alloy-Temper Process Used to Obtain Temper
355.0 T4 SHT-NA
T51 F-AA
T6 SHT-AA
171 SHT-AO
C355.0 T4 SHT-NA
T6 SHT-AA
T61 SHT-AAy
T71 SHT-AO
356.0 F As Cast
T51 F-AA
T6 SHT-AA
A356.0 T4 SHT-NA
T6 SHT-AA
T61 SHT-AAy
T51 F-AA
357.0 T4 SHT:NA
T6 SHT-AA
T61 SHT-AAy
A357.0 T6 SHT-AA
358.0 T4 SHT-NA
I16 SHT-AA
T60 SHT-Controlled delay - AA
3590 T4 SHT-NA
T61 SHT-AA
T62 SHT-AA (less thanfor T61)
520.0 T4 SHT-(Controlled cool in hot H,O or oil)
712.0 F As Cast
T1 SHT (Cooled from Casting) - NA
T5 T1-AA
850.0 F As Cast
T5 F-AA
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5.3 Wrought Alloys:

(See codes at the end of Table 2):

'] TABLE 2 - Processes to Obtain Temper
Product Product Product Product Product Product Product Product Product Froduct Product Product Product
Form Form Form Form Form Form Form Form Form Form Form Form Form
Alloy-Temper S P TD TE E RCF BCF  WCF R Fy Fp RR F Process|Used to Obtain Temper
1100 -H12 X CW approximately 1/4 hard
H14 X X X X X X CW approximately 1/4 hard
H16 X CW approximately 3/4 hard
H18 X X X CW approximately ful| hard
2004 -T6 X SHT-AA
2011 -T3 X X X X SHT-CW-NA
T4 X X SHT-NA
T451 X X SHT-SRg-NA
T4511 X X SHT-SRg-NA (Minor dtraightening after SRg allowed)
T8 X X X X SHT-CW-AA
T6 X X X SHT-AA
T651 X X X SHT-SRg-AA
2014 -T3 X SHT-CW-NA
T4 X X X X X X X X SHT-NA
T42 X X X X X X X X Not available from prdducer - see A.2.2
T451 X X X SHT-SRgs-NA
T4510 X X SHT-SRg;NA
T4511 X X SHT-SRg-NA(Minor dtraightening after SRg allowed)
T6 X X X X X X X X X X SHT-AA
T61 X X SHT (Quenched m boiling water) - AA
T62 X X X X X X X X Not available from producer - see A.2.2
T611 X X SHT (Quenched in hot water) - AA
T651 X X X SHT-SRg-AA
T652 X X SHT-SRc-AA
T6510 X X SHT-SRg-AA
T6511 X X X SHT-SRg-AA (Minor straightening after SRg allowed)

g UOISINSY 066TSY 3VS
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22’V 93s - 1aonppid wolj ajgejrene 10N X 291
VV-1HS X 9L
22’V 93s - 1aonppid wolj ajgejrene 10N X vl
VYN-1HS X v1- €109
Jadwa] ureigo o1 pasn ss820.d | SIS| aq Hy S| 4OM 408  40d 3 3L aL d S Jadwal-Aojly
wJo- wJo- wioo wio4 wio+q wio- wJo- wJo- wJo- wio+q wio+q wJo- wJo-
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OV-1HS X X | ZA
(pamoyjie Sys Jeye Buiuaybrens JoulN) OV-SYS-1HS X X TISELL
OV-SYS-LHS X 0TSeLL
OV-SYS-LHS X €Ll
OV-SYS-LHS X LL
prey z/T 01 /T Ajrewixoidde payiom pjod X X €TH- 0S0.
(pamojje Sys Jaye mc_coEm_m:_w JOUIN) OV-SHS-1HS X X 119921
(1odwa) g1 1ps ueYLSso) OV-LHS X VLLx
(pamojie Sys Jaye Buluawbrens JoulN) OV>SHS-LHS X X TISELL
OV-dSaHS X zseLL
OV-Sus-IHS X T8€L1
OV-1HS X X €.1- 6v0L
OV-SYS-LHS X 19921
(1adwa) TG9.L - Ul 8I0W) OV-SHS-1HS X TSvLL
(1odwal TS9€ /1 - Uedn 3I0N) OV-SHS-LHS X 1S6€.1- 0TOL
(pamojre Sys Jsaye Buiuaiybrenk Jouln) YV-SHS-1HS X X 11991
VV-SYS-1HS X X 0TS9L
2’2’V 99s - 12onppid wouj a|qe|rene JoN X X 291
VV-LHS X X 91- T00L
VV-LHS X X 91 - 1G69
VV-LHS X X 91- TST9
(pamojre Sys Jsaye Buiusiybrenk Joul) YV-SHS-1HS X X 11991
VV-SYS-1HS X X 0TS9L
2’2’V 99s - 12onppid wouj a|qe|rene JoN X X X 291
VV-LHS X X X X 9l
(pamoyle Sys Jeye Buluaybrens JoulN) YN-SYS-1HS X X TISYL
VYN-SYS-LHS X X 0TSVl
2'2'V 995 - 19onpoud wolj a|qe|iene JoN X X X r4a0
VN-LHS X X X ¥1- 9909
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VV-LHS X 91-9.0L
SYS-1HS X TISM
(pamojje Sys Jaye Buiusybrens JoulN) OV-SHS-1HS X 116921
OV-SYS-1HS X 0TS9.LL
OV-SYS-LHS X 19921
(1dwsy €71 ueyr sse7) OV-1HS X X X 9/1
OV-24S-1HS X X X [A1 A
OV-LHS X X V)1lx
OV-24S-1HS X X ¢seLL
(pamolre Sys Jaye Buiusiybrent Jouin) Ov-SISALHS X X X 11881
OV-SyS-IHS X X 0TSELL
OV-SYS-LHS X X X X T8€L1
OV-1HS X X X X X X X X X X X e/l
VV-24S-1HS X 259L
(pamojre Sys Jaye Buiuaiybrenk Joul) YV-SHS-1HS X X X T1S91
VV-SYS-1HS X X 0TS9L
VV-SYS-1HS X X X X 1691
2’2’V 99s - J19onppid wouj a|qe|rene JoN X X X X X X X X 291
VV-LHS X X X X X X X X X X X 91
prey z/T 01 /T Ajarefuixoidde payiom pjod X X €TH- S20.
OV-SYS-1HS X 162721 - GS0L
(pamojie Sys Jaye Buiusiybrens JoulN) OV-SHS-1LHS X X 116921
OV-SYS-1HS X 0TS9.LL
OV-SYS-LHS X 169/1
OV-1HS X X 9/1
ov-©%ys-1Hs X e
OV-24S-1HS X X X [A1 A
(pamoyjie Sys Jeye Buiuayybreng Jouly) OV-SHS-1HS X X TISY /L «
OV-SYS-1HS X OTSV.L+
OV-SYS-1HS X X TSv.1«
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vv-SuS-LHS TS9L
22’V 99s - 1aonpoud wolj a|gejrene 10N X 291
VV-LHS X X 9L
prey z/T 01 /T Ajorewixoidde payiom pjod X €TH- 81T
OV-SYS-LHS T99LL
OV-HHS 9/1
Oy-O%9ys-1Hs X varLl«
OYCHS-LHS X X [A1 A
OV-LHS X X Vilx
OV-24S-1HS X ¢selLL
(pamojie Sys Jaye Buiusybreny JIoUIN) OV-SHS-1HS X T16€.1
OV-SYS-LHS TSELL
OV-1HS X €Ll
Wyv-1HS X 991
VV-SYS-LHS 1591
22’V 99s - 1aonppid wolj ajgejrene 10N 29l
VV-LHS 91-G.T.
(pamoje Sys Jsaye Buiusybrens houi) Nyv-SHS-1HS TISL.1
Wyy-SyS-1HS X TGLLL
(pamoyie Sys Jaye Buiuaybrens louln) Nyy-Sys-1HS X TISTIL
Nyy-SYS-1HS X 0TSTOL
(pamoyjie Sys Jeye Buluaybrenks JOUIN) VV-SYS-1HS X TIS9L
VV-SUS-LHS X 0TS9L
Wyv-Sus-1HS 16191
VV-SYS-LHS TS9L- 0STL
(pamojre SYs saye Bulualybreng JI0UIN) OV-SHS-LHS X TISELL
OV-1HS X X €L1- 6VTL
(pamoje yoians Jaye Buluaybrens JoulN) OV-SHS-1HS X TTGELL - T60L
(pamoje yoians Jaye Buluaybrens JoulN) OV-SHS-1HS X TTGELL - 060L
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