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1. SCOPE:

The purpose of this BAE Aerospace Standard (AS) is to provide a description of the'temper
nomenclature system for aluminum alloys used in the aerospace industry by combining information
from different sources for the benefit of the user.

2. REFERENCES:
For further informatipn on the tempers described in this document see:

ANSI H35.1/H35.1M American National Standard Alioy and:Temper Designation Systems for
Aluminum

Tempers for Aluminym and Aluminum Alloys Products =" Published by The Aluminum Assaciation, Inc.
Aluminum Standards and Data - Published by The Aluminum Association, Inc.

3. GENERAL:

The tempers used with aluminum alloys’ as registered with The Aluminum Association prgvide

information regardirjg the basic aperations used for making the property leveis for the alloyl and temper
registered for the product.

This document provides information as to the general rules used by The Aluminum Assogiation for
describing the alloyltemper system (see Sectlon 4). Thls section is an extraction from
ANSI H35.1/H35.1 Fospace

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.

SAE Technical Standards Board Rules provide that: “This report is published by SAE to advance the state of technical and engineering sciences. The use of this report is entirely
voluntary, and its applicability and suitability for any particular use, including any patent infringement arising therefrom, is the sole responsibility of the user.”

\E reviews each technical report at least every five years at which time it may be reaffirmed, revised, or cancelled. SAE invites your written comments and suggestions.
pyright 1998 Society of Automotive Engineers, Inc.

. . rights reserved. Printed in U.S.A.
QUESTIONS REGARDING THIS DOCUMENT: (724) 772-8510 FAX: (724) 776-0243
TO PLACE A DOCUMENT ORDER: (724) 776-4970 FAX: (724) 776-0790
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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.
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ic temper designations consist of letters. Subdivisions of the,basic tempers, where
indicated by one or more digits following the letter. These designate [specific

basic treatments, but only operations recognized as significantly infliencing the
s of the product are indicated. Should some other variation of the same sequence of
ons be applied to the same alloy, resulting in different characteristics, {then additional
led to the designation.

per Designations: Basic temper designations are as follows:

cated. Applies to the products of shaping processes in which no spectial control over
conditions or strain-hardening is employed. For wrought products, there are no

pd. Applies to wrought products that are annealed to obtain the lowest strength temper,
bast products that are annealed to improve ductility and dimensional stability. The O
followed by a digit other than zero.

ardened (wrought products only). Applies to products that have their|strength
d by strain-hardening, with or without supplementary thermal treatments to produce
duction inistrength. The H is always followed by two or more digits.

W Solution heattreated. An unstable temper applicable only to alloys that spontaneously age at
room tgmperature after solutlon heat-treatment. This designation is specific only when the
period : W12 h.

T Thermalily treated to produce stable tempers other than F, O, or H. Applies to products that are
thermally treated, with or without supplementary strain-hardening, to produce stable tempers.
The T is always followed by one or more digits.
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4.2 Subdivisions of Basic Tempers:
4,21 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:

H1 Strain-hardened only. Applies to products that are strain-hardened to obtam the desired
strength i

H2 Strain-hardened and partially annealed. Applies to products that are strain-harflened more
than the @esired final amount and then reduced in strength to the desired level(by partial
annealing. For alloys that age-soften at room temperature, the H2tempers haye the same
minimum ultimate tensile strength as the corresponding H3 tempers. For othef alloys, the
H2 tempérs have the same minimum ultimate tensile strength)as the corresponding H1
tempers and slightly higher elongation. The number following this designation ipdicates the
degree of strain-hardening remaining after the product has been partially annepled.

H3 Strain-hgrdened and stabilized. . Applies to products that are strain-hardened and whose
mechani¢al properties are stabilized either by atlow temperature thermal treatment or as a
result of heat introduced during fabrication. Stabilization usually improves duclility. This
designation is applicable only to those alloys which, unless stabilized, gradually age-soften
at room femperature. The number following this designation indicates the degree of
strain-hardening remaining after the stabilization treatment.

4.2.1.2 The digit following the designations H1X, H2X, and H3X indicates the degree of strair-hardening.
Numeral 8 hag been assigned toindicate tempers having an uitimate tensile strength equivalent
to that achieved by a cold reduction [temperature during reduction not to exceed 122 °F (50 °C)]

an odd second d|g|t the standard limits for strength are the anthmetlc 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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42.1.2.1

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 digit‘, 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,

4.2.1.3.1

4.2.2 Subdivision

42.2.1

that (or th
character

stic is significantly affected. (See Appendix for assigned three-digit-H

ose) for the two-digit H temper designation to which it is added, or when some other

tempers.)

The minimum ultimate tensile strength of a three-digit H temper must be at least as close to

that of t

e corresponding two-digit H temper as it is to the adjacent two-digit H tempers.

Products in the H temper with mechanical properties below H_1 shall be varigtions of H_1.

Numerals
follows?:

T1 Coo
stab

elevated temperature shaping process, or in which the effect of cold work
straightening may not be recognized-in mechanical property limits.

T2 Coo

stre
of ¢«

a su'fstantially stable condition. Applies to products that are coid worked

of T Temper: Thermally Treated:

1 through 10 following the T indicate specific sequences of basic treg

ed from an elevated temperature shaping process and naturally aged

ed from an elevated temperature shaping process, cold worked, and

gth after cooling from an elevated temperature shaping process, or it

tments, as

to a substantially
e condition. Applies to products that'are not cold worked after cooling from an

in flattening or

naturally aged to
to improve

which the effect

ld work in flattening or straightening is recognized in mechanical property limits.

1. Numerals 1 through 9 may be arbitrarily assigned as the third digit and registered with The Aluminum Association for an alioy 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 metaliurgically important.
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4.2.2.1 (Continued):

T3 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.

T4 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
work in flattening or straightening may not be recognized in mechanical prope

T5 Cooledf

worked
straight

T6 Solutior}heat-treated3 and then artificially aged. Applies to products that are 1

T7 Solution|heat-treated® and overaged/stabilized: \Applies to wrought products t
artificially aged after solution heat-treatment 10’ carry them beyond a point of
strengthlto provide control of some significant characteristic.* Applies to cast §
are artificially aged after solution heat-treatment to provide dimensional and sf{
stability.

T8 Solution|heat-treated®, cold worked, and then artificially aged. Applies to prod

cold wo
straight

T9  Solution|heat-treatéd?, artificially aged, and then cold worked. Applies to prog

cold wo

T10 Cooled
aged. A

cold work in flattening or straightening is recognized in mechamcal property limits.

offect of cold

or in which the effect of cold work in flattening or straightening may n

fter solution heat-treatment, or in which the effect of cold work in flatt
ning may not be recognized in mechanical property limits.

ked to improve strength, or in which the effect of cold work in flattenin
ning is recognized in mechanical property limits.

ed to.improve strength.

ty limits.

om an elevated temperature shaping process and then artificially agedq. Applies to
products] that are not cold worked after cooling from an elevated temperature ¢
process,
recognized in mechanical property limits.
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ot be
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Bning or

hat are

aximum

products that
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ucts that are

g or

ucts that are

rom an elevated temperature shaplng process cold worked, and the
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the effect of

3. Solution heat-treatment is achieved by heating cast or wrought products to a suitable temperature, holding at that temperature long enough to
aliow constituents to enter into solid solution and cooling rapidly 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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4222 Additional digitss, 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 Appendix 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, varjations of O
temper shall not apply to products that are strain-hardened after annealing and,in which the effect
of strain-hardening is recognized in the mechanical properties or other characteristics.

5. LIST OF ALLOY-TEMPERS OF INTEREST TO THE AEROSPACE INDUSTRY:

5.1 General:

The following [listing provides information as to the metallurgicalprocess a particular alloy and
temper receivps beginning with solution heat treatment. Thelist is not intended to be a description of
the registratioh or of the application for which the alloy-temper was designed. This [information can
be obtained through The Aluminum Association or an.interested supplier.

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 aiter the characteristics of the product are considered altemate
treatments for which additional digits are not assigned.
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5.2 Castings:
Codes are as follows:

AA - Atrtificial age

signation is

SHT - Solution heat treat
NA - Natural age
AO - Overaged
M - Indicates the primary process variable modified to develop the characteristics aiociated with
the tempetvariation. The significance of the numbers contained in the temper
not definefl beyond what is shown in Section 4.
TABLE 1
Alloy-Temper Process Used to Obtain Temper
201.0 T4 SHT-NA
A201.0 T7 SHT-AO
A205.0 T7 SHT-AO
2060 T4 SHT-NA
T7 SHT-AO
T4 SHT:NA
T71 SHT-AO,
2220 T4 SHT-NA
T61 SHT-AA
2420 F As Cast
T4 SHT-NA
T571 F Temper and AA
T61 SHT {(quench by air biast) - AA
243.0 T41 SHT-NA
T61 SHT-AA
2950 T4 SHT-NA
T62 SHT-AA
2960 T4 SHT-NA
T6 SHT-AA
3190 T4 SHT-NA
T6 SHT-AA
3540 T41 SHT-NA
T61 SHT-AA
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TABLE 1 (Continued)

Alloy-Temper Process Used to Obtain Temper
3550 T4 SHT-NA
T51 F-AA
T6 SHT-AA
T71 SHT-AO
C355.0 T4 SHT-NA
T6 SHT-AA
T61 SHT-AAy
T71 SHT-AO
3560 F As Cast
T51 F-AA
T6 SHT-AA
A356.0 T4 SHT-NA
T6 SHT-AA
T61 SHT-AApm
T51 F-AA
3570 T4 SHT-NA
T6 SHT-AA
T61 SHT-AAp
A357.0 T6 SHT-AA
3580 T4 SHT-NA
T6 SHT-AA
T60 SHT-Controlled delay - AA
35807 T4 SHT-NA
Te1 SHT-AA
T62 SHT-AA (less than for T61)
5200 T4 SHT-(Controlied cool in hot H,O or oil)
7120 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

Product Product Product Product_Product Product Product Product Product Product Product product Product

Form Form Form Form| Form Form foom Form Form Form — Fom  Form  Form
Alloy-Temper S P TD TE E RCF BCF  WCF R Fy Fo RR F Process Used to Obtain Temper
1100 -H12 X CW approximately 1/4 hard
H14 X X X X X X CW approximately 1/2 hard
Hi6 X CW approximately 3/4 hard
Hi8 X X X CW approximately fulllhard
2004 -T6 X SHT-AA
2011 -T3 b3 X X x SHT-CW-NA
T4 X X SHT-NA
T451 b X SHT-SRg-NA
T4511 X X SHT-SRg-NA (Minor straightening 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 proglucer - see A.2.2
T451 x x x SHT-SRg-NA
T4510 X X SHT-SRg-NA
T4511 X X SHTZSRs-NA (Minor sfraightening after SRg allowed)
T6 X X X X X b3 X X X X SHT-AA
T61 X X SHT (Quenched'in boifing water) - AA
T62 X X X X X X x X Not amlanla_tmmmlucer -see A22
T611 X X SHT (Quenched in hot water) - AA
T651 X X X SHT-SRg-AA
T652 X X SHT-SRg-AA
T6510 X X SHT-SRg-AA

T6511

SHT-SRg-AA (Minor straightening after SRg allowed)
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1edwa) UIBIQQ O} PAs() S5830id 4 Hd ay Hy o 40M 408 d4od 3 3L alL d s  Jedwai-fojjy
uno4 wio4 wiog w04 uuo4 uuo4q uuoy wio4 wiod wulo4 uLo wiog wio4
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OV-1HS X X vLl.
(pomojje Syg soye Buusiybiens Jouy) OV-SHS-LHS X X HIGELL
Ov-Sus-LHS x 0ISELL
OV-S4S-1HS x €Ll
piey z/4 0l ¢/1 Ajetewixosdde pexiom pjod X X €1H- 0504
(pamaojre Syg 1aye Bueyybiess o) OV-SHS-1HS X X 118841
(todwel g2 10} Uey) $S87)OV-LHS x vil,
(pemoyje Syg saye Bujusybiells Joul) OV-SHg-LHS X x HeeLL
ov-us-IHs x gseLL
OV-SdS-1HS x 15641
OV-1HS X X €41- 6v0L
OV-Sus-1HS x 15921
{1sdwey 1 §9/1 - ugul BI0W) OV-SHS-IHS x 15vLL
(1edway 15984 ) - udu) BI0W) OV-SHS-LHS X ISELL- 010L
(pomoite Sus soye BuelyBleis JouN) Yv-SUS-1HS x x HSoL
vv-SHg-1HS x x 01601
22’V 88s - 180npo1d wioy e|gejeAe JON X X 291
VV-1HS x X 91- 1002
vv-1HS X X 91- 1569
YVY-1HS X X 9L- 1519
(pemojje SYs 1eye Buueubiehis JoujW) VV-SUS-LHS X X HSOL
VV-SHS-1HS X x 01691
2'2'Y 88s - 1aonpoid woly o|gejeae JoN X X X 291
VV-1HS X X x X 9l
(pemoyje Syg seye Buuaiybiens souw) VN-SHS-1LHS X X [18:1:48
VN-SHS-1HS x x 0LGPL
2'2'y 80s - Jgonpoid wol) sjgejieae JoN X X X crl
VN-LHS X X x v1- 9909
Jedwe) ulelqo 0} pasn ssaaoid 4 Hd ag Hy H 40m 408 d40M 3 31 at d S Jedwe) -Aoly
W04 W04 uyo4  wio4 UMO4  UUOj UG WMOj  UMOjd  wioj  uuod  wiod  wiod
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VYVY-1HS X 91-9.0L

Sys-1HS x LISM
(pamojje Sys seye Bueiybiens Jouw) OV-SHS-1HS X 18941
OV-SHS-LHS x ol59LL
OV-S4S-1HS X 15921
(1edwe) gy | uey) sse)OV-LHS X x x 9L
OV-24SIHS b'e X X eSPLl,
OV-1HS x x viL,
OV-2HS-1HS x x z5eLL
{pamojje Syg Jeye Buusybiells Jouly) OV-SHS-1HS X X X HSELL
Ov-54s-LHS X X 0l5ELL
OV-S4S-1HS ¢ x X x 1SELL
QVY-1HS X X X X X X X X X X X €Ll
vv-24S-1HS x 2691
(pemoye Syg Jseye Buusiybiells Jouly) vy-SHS-1HS X X X 11591
VV-SHS-LHS x x 01591
vv-SHS-1HS x X x x 1591
2'2'V 98s - 1aonpoid Wolj 8|qBjIEAR JON X X X . X X X X X 29L
Yv-1HS X X X X X X X X X X X ol
piey g/ o} y/| Alerefuixosdde pesyom pjoo X X EiH- GL0L
Ov-SHS-1HS X 1S221- SS0L
{pamoyje Syg seye Buusiyblens Joulw) Ov-SHS-1HS X X HG9LL
OV-SyS-1HS X 015941
OV-SuS-1HS X 15921
OV-1HS X x 9L
L oy-3slg-+Hg * YSpLL,
Ov-2uS-LHS x x x ShLL.
(pamolje Syg saye BuusiyBiess Jouiw) Ov-Sys-1HS x X LSPLL.
Ov-SHS-1HS x ObS¥LL.
OV-S4S-1HS x x 1S¥LL,
Jedwa) uleIqO Ol Pas() §5830d d Hy oy Hy H 40M 408 404 3 ET aL d S  Jedwayt-Aoyy
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vv-SHS-1HS x 1591
22’V ©8s - 180npoid woy ejgejeA. JON X X X 28l
VV-1HS X x % oL
piey 271 0} ¥/1 Ajpyeunxoidde payiom pion X €IH-8L1L
OY-Su4g-1HS X 15941
OV-1HS x 9.1
ov0¥8lyg-1Hg x varLL,
OVOUS-LHS x x esrLL.
OV-IHS x x vLL.
OV-HS-1HS x 2SeLL
(pemoyie Syg saye BujusiyBiens Jouiw) Ov-SHS-LHS x HSELL
Ov-SHS-1HS x 1seLL
OV-1HS x X eLL
Wyy-1HS x 991
VV-SYS-1HS X bSOL
2'2'V 988 - Jaonfjoid woy), BjqejieAe 10N X 201
VV-1HS x 9L- SLbL
{pamoyje Syg 18ije BujusiyBlens 1ouy) Wyy-Syg-1LHS x MSLLL
Wyy-Sys-LHS x x 1sLuy
(pomolje Syg saye Butusybieng Joul) Wyy-Sys-1Hs X 16194
Wyy-Sys-1HS x 015191
(pamoyie Syg soye Buiuaiybresls Joui) vy-SHS-LHS x 1oL
" yv-Sus-1HS x oLs9L
Ayy-Sys-1HS x 1S1oL
VV-SHS-IHS x 1SOL- 0S1L
(pemojie Syg seye Buueiybiess ouw) OV-SHS-LHS X X Hsesl
OY-LHS x X €LL- 6VML
(pamoyjie yolens seye HuueBiens Jouy) Ov-SYS-1HS X HSELL- 160L
(pemojie yolas teye Buaybiens soupw) OV-SHS-1HS X LISEL1 - 0602
ledwey ufBiqQ o} pesy) ssev01d 4 Hy ay Hy d 4OM 408 40M 3 3L aL d s Jedwe)-Aojy
Wwio4 w04  uno4 w04  UUO4 w0y unoj wio4  uuo4 w04  WNo4  uNOg  umodq
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