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Annealed '
UNS A9221S

1. SCOPE:

1.1 Form: | This specification covers an aluminum alloy in the form of sheet and
' plate.

1.2 Appligation: Primarily for parts requiring high strength up tp 600°F
1555°ES. These products are also well suited for'cryogenic applications and
where [welding is required. Certain design and processing procedures may
cause |these products to become susceptible to’ stress-corrosion cracking
after|heat treatment; ARP 823 recommends practices to minimizeg such
conditions.

2. APPLICABLE DOCUMENTS: The following publications form a part gf this
specifjcation to the extent specified herein. The latest issug of Aerospace
Materi:l Specifications and Aerospace Recommended Practices shdlil apply. The
applicable issue of other documents shall be as specified in AMS 2350,

2.1 SAE Plublications: Available from SAE, 40C Commonwealth Drive| Warrendale,
PA T5(96.

2.1.1 Aerpspace Material Specifications:

AMS| 2202 - Tolerances, Aluminum Alloy and Magnesium Alloy Sheet and Plate

MAM| 2202 - Toterances, Metric, Aluminum Alloy and Magnesium|Alloy Sheet
and Plate

AMS| 2350 = Standards and Test Methods

AMS| 2355 - Quality Assurance Sampling and Testing of Aluminygm Alloys and
Magnesium Alloys, Wrought Products (Except Fgrzing Stock)
and Flash Welded Rings

MAM 2355 - Quality Assurance Sampling and Testing of Aluminum Alloys and
Magnesium Alloys, Wrought Products (Except Forging Stock)
and Flash Welded Rings, Metric (SI) Units

AMS 2770 - Heat Treatment of Aluminum and Aluminum Alloys

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

AMS documents are protected under United States and international copyright laws. Reproduction of these documents
by any means is strictly prohibited without the written consent of the publisher.
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2.1.2 Aerospace Recommended Practices:

ARP 823 - Minimizing Stress Corrosion Cracking in Wrought Heat Treatab]e
Aluminum Alloy Products

2,2 U.S. Government Publications: Available from Commanding Officer, MNaval
' PubTications and Forms Center, 5801 Tabor Avenue, Philadelphia, PA 19120,

2.2.1 Military Specifications:

MIL-H-6088 - Heat Treatment of Aluminum Alloys

2.,2.2 Military Standards:

MIL-STD-€49 - Aluminum and Magnesium Products, Preparation>for Shipment
and Storage

3. TECHNICAL|REQUIREMENTS:

3.1 Compositjon: Shall conforn to the following percentages by weight
determinéd in accordance with AMS 2355 or MAM 2355:

min max

Copper ; 5.8 - 6.8

Manganese . 0.20 - 0.40
Zirconium . 0.10 - 0.25
Vanadium - 0.05 - 0.15
Titanium . , 0. 02 - 0.10
Iron .o == 0.30
Silicon -- 0.20
Zinc -- 0.10
Magnesium , -- 0.02
Other Inpur1t1es each -- 0.05
Other Impur1t1es total -- 0.15

Aluminum remainder

3.2 Condition: tAnnealed in accordance with MIL-H-6088.

3.3 Properties: The product shall conform to the follTowing requirements,
determined in accordance with AMS 2355 or MAM 2355:

3.3.1 As Annealed:’

3.3.1.1 Tensile Properties: Shall be as follows for product 0.020 to 2.00C in.
(0.50 to 50.00 mm), incl, in nominal thickness:

Tensile Strength, max 32,000 psi (220 MPa)
Yield Strength at 0.2% offset, max 16,000 psi (110 MPa)

Elongation in 2 in. (5C mm) or 4D, min 12%

A [ . R < tl'[: ¥ _“
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3.3.1.1.1 Tensile property requirements for product under 0.020 in., (G.5C rm) or
over 2,000 in. (50.00 mm) in nominal thickness shall be as agreed upon
by purchaser and vendor. -
3.3.1.2 Bending: . Product C.020 to 1.000 in. (0.50 to 25.00 mm), incl, in
nominai thickness shall withstand, without cracking, bending at room

3.3.1.2.1

3.3.2 After Solution and Precipitation Heat Treatment:

temperature through an angle of 180 deg around a diameter

equal to the

bend factor times the nominal thickness of the product with axis of bend

parallel to the direction of rolling.

Nominal Thickness

Bend

1 h
Heh

0.020 to 0.250, incl
Dver 0.250 to 0.75C, incl
Dver 0.750 to 1.0CC, incl

0.50 to 6.25,n»inc
Over 6.25 to 18.75,1nc
Over 18.75 to 25,00, inc
Bending requirements for product under 0.020<in. (0.50 m

/| purchaser and vendor.

by[purchaser, shall have the following properties after solu
precipitation heat treatment in accordance with AMS 2770:

3.3.2.1

TCARETYY:

Factor

4
6

8

m) or over

1.000 in. (25.00 mm) in nominal thickness/shall be as agreed upon by

The product, as received

tion and

Tensile Properties: Shall be @s specified in Table I and B.3.2.1.1.
TABLE I
Nomi nal Tensile Yield Strength Elongation
Thickness Strength at 0.2% Offset in 2 in. or 4D
Inches psi, min psi, min %, min
0.020 t0-0.039, incl 54,000 36,000 6
Over 0.039°to 0.249, incl 54,000 36,000 7
Over 0.249 to 1.000, incl 54,000 36,000 . 8
Over,1:000 to 2.000, incl 54,000 36,C00 7
TABLE I (SI)
Nominal " Tensile Yield Strength ETongation
Thickness Strength at 0.2% Offset in 50 mm or 4D
Millimetres MPa, min MPa, min %, min
0.50 to  1.00, inc! 370 250 6
Over 1.00 to 6.25, incl 370 250 7
Over 6.25 to 25,0C, incl 370 250 8
Over 25.C0 to 50.C0, incl 370 250 7
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3.3.2.1.1 Tensi]evproperty requ1rements for product under C.C2C in. (C.50 mm) or
over 2.000 in.- (0.50 mm) in nominal thickness shall ke as agreed upon
by purchaser and vendor,

3.3.2.2 Bending: Product 0.020 to 0.499 in. (0.50 to 12.50 mm), incl, in
nominal thickness shall withstand, without cracking, bending at room
temperature through an angle of 180 deg around a diameter equa] tc the
bend factor times the nominal thickness of the product w1th axis of bend
parallel to the direction of rolling.

o ~ Nominal Thickness ' Bend
Inch— — _ MilHmetres Factor
0.020 to 0.062, incl 0.50 to 1.55, incl 8
Over|0.062 to 0.250, incl Over 1.55 to  6.25, incl 12
Over(0.250 to 0.499, incl Over 6.25 to 12.50, incl 16

3.3.2.2.1 Bemding requirements for product under 0.020 in.%(0.50 mm) of over
0.499 in. (12.50 mm) in nominal thickness shall be as agreed|upon by
purchaser and vendor.

3.4 Quality:| The product, as received by purchaser, shall be uniform {n quality
and condjtion, sound, and free from foreign materials and from imperfections
detrimental to usage of the product.

3.5 Tolerances: Shall conform to all appldicable requirements of AMS 2202 or
MAI 2202 ‘ :

4, QUALITY A$SURANCE PROVISIONS:

4.1 Responsibility for Inspectiont The vendor of the product shall supply all
samples for vendor's testshand shall be responsible for performing|all
required|tests. Results)of such tests shall be reported to the purchaser as
required|by 4.4. Purchaser reserves the right to sample and to perform any
confirmatory testing.deemed necessary to ensure that the product conforms tc
the requjrements-of this specification.

4,2 Classifi¢ation of Tests:

4,2,1 Acceptan : : : - e
compos1t1on (3 1) tens11e propert1es as annea]ed (3.3.1. 1), pr0pert1es
after solution and precipitation heat treatment (3.3.2), and tolerances
{3.5) are classified as acceptance tests and shall be performed on each

ot.

4,2.2 Periodic Tests: Tests to determine conformance to requirements for
bending as annealed (3.3.1.2) are classified as periodic tests and shall
be performed at a frequency selected by the vendor unless frequency of
testing is specified by purchaser.

4.3 " Sampling: Shall be in accordance with AMS 2355 or MAM 2355, .
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3.1

Reports:

.1 The vendor of the product shall furnish with each shipment a report

stating that the product conforms to the chemical composition and other

technical requirements of this specification.

This report shal

the purchase order number, AMS 4031D, size, and quantity.

1 include

The vendor of finished or semi-finished parts shall furnish with each

shipment a report showing the purchase order number, AMS 4031D, contractor

or other direct supplier of material, part number, and quantity.

When

material for making parts is produced or pu(chased by the parts vendor,

that ve
the reg
either
reports

Resamplin

uirements of this specification and shall include in ith
a statement that the material conforms or copies of. lab
showing the results of tests to determine conformance.

g and Retesting:

PREPARATIC

N FOR DELIVERY:

Identifig

ation: Each sheet and plate shall be.marked on one face

respectiy
AMS 4031
identifig
as to be
be suffid
have no d

e location indicated below, with theoalloy number and td
or applicable Federal specification designation, manufad
ation, and nominal thickness.  The characters shall be g
legible, shall be applied using a suitable marking fluid
iently stable to withstand-normal handling. The marking
eleterious effect on the.product or its performance.

eet and Plate Under6:In. (150 mm) Wide: Shall be marké

more 1é
3 ft (9

Flat Sh

ngtnwise rows of characters recurring at intervals not g
00 mm).

eet and Platé 0.375 In. (9.50 mm) and Under Thick, 6 -

formance to
report
ratory

Shall be in accordance with AAMS 2355 dr MAM 2355.

, in the
mper,
turer's

f such size
, and shall
s shall

d in one or
reater than

0 In.

(150 -

1500 mm) , <Iocl, Wide, and 36 - 2000 In. (900 - 5000 mm) |

Incl,

Long:
intervas
approxi

Shall beimarked 1n Tengthwise rows of characters recurri
1s notugreater than 3 ft (900 mm), the rows being spaced
matély 6 in. (150 mm) on centers across the width and st

Every 1

thicknésss

third row shall show ‘the manufacturer's identification an

ng at

aggered.
d nominal

4031 or applicable Federal specification designation.

er and AMS

Flat Sheef and Plate Over 0.375 In. (9.50 mm) Thick, or Over 60 In.

(1500 mm) Wide, or Over 200 In. (5000 mm) Long:

Shall be marked as in

5.1T.2 or, at vendor's discretion, shall be marked in one or two rows of
characters recurring at intervals not greater than 3 ft (900 mm) and

running around the periphery of the piece.

show al

If one row is used,
1 information of 5.1.

it shall

If two rows are used, one row shall show the

~alloy number and temper and AMS 4031 or applicable Federal specification
designation; the second row shall show the manufacturer's identification
and nominal thickness.

If peripheral marking is applied to the full piece as produced but

partial sheets or plates are supplied, an arrow shall also be applied

near

one corner indicating the direction of rolling.
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