
~w ~ The Engineering Society 
For Advancing Mobiliiy 
Land Sea Air and Space p 

400 COMMONWEALTH DRIVE, WARRENDALE, PA 15096 

AEROSPACE 
MATERIAL 
SPEClFICATION 

AMS 4221 

Issued 7-1-88 

Submitled for recognition as an American National Standard I 

ALUMINUM ALLOY PLATE 
4.4Cu - 1.5Mg - 0.6U~~n (2124-T8151) 

Solution Heat Treated, Stress Relieved and Precipitation Heat Treated 

UNS A92124 

l. SCOPE: 

1.1 Form: This specification covers an aluminum alloy in the form of plate 
l.~inch (38 mm) and over in nominal thickness. 

1.2 Application: Primarily for parts requiring a high level of inechanical 
properties up to 300°F (149°C). Certain design and fabrication procedures 
may cause the plate to become susceptible to stress-corrosion cracking; 
ARP 823 recommends practices to minimize such conditions. 

'L. APPLICABLE UOCUI~IENTS: The following publications form a part of this 
specification to the extent specified herein. The latest issue of Aerospace 
hlaterial Specifications and Aerospace Recommended Practices shall apply. The 
applicable issue of other documents shall be as specified in AMS 2350. 

2.1 SAE Publications: Available from SAE, 400 Comnonwealth Drive, Warrendale, 
PA 	96. 

Z.1.1 Aerospace Material Specifications: 

NMS 2202 - Tolerances, Aluminum Alloy and Magnesium Alloy Sheet and Plate 
hiAh1 22U2 - Tolerances, Metric, Aluminum Alloy and Magnesium Alloy Sheet 

and Plate 
AhiS 2"s5G - Standards and Test Methods 
AMS 2355 - Quality Assurance Sampling and Testing of Aluminum Alloys and 

Maynesium Alloys, Wrought Products (Except Forging Stock) and 
Flash Welded Rinys 

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

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 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." 

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. 

Copyright 1988 Society of Automotive Engineers, Inc. 	 Printed in U.S.A. 
All rights reserved. 
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[.1.2 Aerospace Recommended Practices: 

ARP ~23 - f~linimizing Stress Corrosion in Wrought Heat Treatable Aluminum 

Al1oy Products 

NRP 17U4 - Stiort-Bar Fracture Toughriess of Metallic hlaterials, 

Determination of 

2.'L ASTP9 Publications: Available from American Society for Testing and 
f~1aterials, 1 y16 Race Street, Philadelphia, PA 19103. 

ASTP~1 6554 - Ultrasonic Inspection of Alur~inum-Alloy Products for Aerospace 

Applications 
ASTh1 B6bU - Packaging/Packing of Aluminum and Magnesium Products 
ASTh1 E39y  - Plane-Strain Fracture Toughness of Metallic Materials 
ASThi E60[ - Sharp-Notch Tension Testing with Cylindrical Specimens 

2.3 U.S. Governn~ent Publications: Available from Commanding Officer, Naval 

Publications and Forn~s Center, 58(11 Tabor Avenue, Philadelphia, PA 19120. 

2.3.1 Military Specifications: 

NiI L-H-t~U8~ - Heat Treatment of A1 unii num Al l oys 

3. TECIiI~ICAL RtQUIREMENTS: 

3.1 Cornposition: Shall conform to the followiny percentages by weight, 

determined in accordance with AMS 2355 or MAM 2355: 

min 	max 

Copper 3.8 	- 4.9 
P~1agnesium ~,2 	- 	~,g 
hlanganese 0.3G - 0.9 
Iron -- 	0.3U 
Zinc -- 	0.25 
Silicon -- 	0.2U 
Titanium -- 	p,15 
Chromium -- 	0.10 
Other Impurities, each -- 	0.05 
Other Impurities, 	total -- 	0.15 
Aluminum remainder 

3.2 Condition: Solution heat treated, stress relieved by stretching to produce 
a nominal permanent set of 2% but not less than 1-1/2°~ nor more than 3~, and 
precipitation heat-treated. Heat treatments shall be performed in 

accordance witf~ h1IL-FI-6088 as applicable to 2024-T851 plate, or equivalent. 

3.2.1 Plate shall receive no further straightening operations after stretching. 
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3.3 Properties: Plate shall confurm to the following requirements: 

3.3.1 Tensile Properties: Shall be as specified in Table I, determined in 
accordance wi th APiS 2355 or MAh1 2355. 

TABLE I 

Nominal Tensile Yiela Strength Elongation 
Thickness Specimen Strenyth at 0.2°,6 Offset in 2 in. 	or 4D 
Incf~es Orientation psi, min psi, minimum ~, minimum 

1-1/2 to 2, 	incl Longitudinal 68,ODU 62,OOU 8 
Long-Transverse 68,OOU 61,000 7 
Short-Transverse 65,U00 57,000 2 

Over 2 to 3, 	incl Longitudinal 67,OOU 6U,000 8 
Lony-Transverse 67,0~0 60,OOU 7 
Short-Transverse 64,000 57,OOU 2 

Uver 3 to 4, 	incl Lonyitudinal 67,ODU 59,OU0 7 
Long-Transverse 67,ODU 59,000 6 
Short-Transverse 64,000 57,000 2 

Uver 4 to 5, 	incl Lonyitudinal 66,OOU 58,000 6 
Lony-Transverse ~ 	66,000 58,OG0 6 
Short-Transverse 63,000 55,000 2 

Over 5 to 6, 	incl Longitudinal 65,OUG 57,000 6 
Long-Transverse 65,UU0 56,000 5 
Short-Transverse 62,000 54,000 2 

TABLE I 	(SI) 

ry ominal Tensile Yield Strength Elongation 
Thickness Specimen Strength at 0.2~o Offset in 50.8 mm or 4D 

hiillimetres Orientation MPa, min h1Pa, 	min %, min 

3~ to 	51, 	incl Longitudinal 46y 427 8 
Lony-Transverse 469 421 7 
Short-Transverse 448 393 2 

Uver 	51 	to 	76, 	incl Longitudinal 462 414 8 
Lony-Transverse 462 414 7 
Short-Transverse 441 393 2 

Over 	76 to 1U2, 	incl Longitudinal 462 407 7 
Long-Transverse 462 407 6 
Short-Transverse 441 393 2 

Over 102 to 1~7, 	incl Lonyitudinal 455 400 6 
Long-Transverse 455 400 6 
Short-Transverse 434 379 2 

Over 127 to 15Z, 	incl Longitudinal 448 393 6 
Long-Transverse 448 386 5 
Short-Transverse 427 372 2 
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:~.:i.1.1 	I ensi 1 e pruperty reyui rements for U1 ate under 1-1 /2 i nches ( 3~ r~m) or 
over 6 inches (152 mm) in norninal thickness shall be as agreed upon by 
purcnaser and vendor. 

3.3.2 Stress-Corrosion Kesistance: When specified, specimens as in 4.5.2 firor~ 
plate 1.5 - 6 inches 3d - 152 mm), incl, in nominal tnickness shall show 

no eviaence of stress-corrosion cracking when stressed to 50;0 of the 

specified minimum long-transverse yield strenyth. 

3.3.3 Fracture Toughness: Except as perrnitted by 3.3.4, plate shall meet the 
follo~ing values of K I ~, determined in accordance with ASTf~I E399. The 
required specimen or~entation sr~all be as specified ~y purci~aser. 

TAdLE II 

KI~ ksi inch 

ruominal Thickness 	 L-T 	 T-L 	 S-L 
Inches 

1.5UU to 2.u0U, incl 	 2n 	 23 	 19 
uver 2.UUU to 4.UUU, incl 	 26 	 22 	 20 
~ver 4.UU0 to n.UUU, incl 	 25 	 21 	 21 

TAdLt II (SI) 

~Ic ~~P
a  m 

~uominal Thickness 	 L-T 	 T-L 	 S-L 
i~li 11 i rietres 

3d.10 to ~U.~U, incl 	Zd.b 	25.3 	2u,9 
uver 5U.~0 to 1U1.6u, incl 	28.6 	24.2 	22.0 
Uv~r lUl.bU to 151.4u, incl 	27.5 	2:~.1 	 'Z3.1 

3.3.4 Indicator Tests: fhe proaucer may yuarantee that plate meets the fracture 
t~uyhness K I4 )  requirements oased on correlation with notch tensile 
strenytn/tenslle yield strength (NTS/TYS) ratio, deterr~iined in accordance 

with :s.3.4.1 ur correlation with ti~e short-~ar fracture toughness results, 
deter~~~i ned i n accordance wi th :i.3.4. Z i n 1 i eu of deterini ni ny fracture 
tougnness (3.3.3) provided correlation has been established between the 
two tests for tne plate. 

3.3.4.1 	~aTS/fY5 Katio: ~~otch ter► sile strenyth shall be deteri~ined in accordance 
with AST~rI tbU2 on specimens taken in both tr~e longitudinal and 
lony-transverse directions. 	fhe values for each direction shall oe 
divided by the tensile yield strenytn, deterrnined for the same 
direction, to obtain the NTS/TYS ratios. 

3.:s.4.2 ~i~ort-3ar Test: Shall be not lower ts~an the values for K I ~ specified 
in Tat~le 	, determined in accordance with AkP 1704. 
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3.4 Quality: Plate, as received by purctiaser, shall be uniform in yuality and 

condition, sound, and free fr•om foreign materials and fror~ imperfections 
detrimental to usage of the plate. 

3.4.1 Each plate shall be ultrasonically inspected in accordance with ASTP~ 8534 

and shall meet the requirements for Class A. 

:s.5 Tol erances: Shall conform to all applicable requirements of AP~S 2202 or 
I`'IHI'"I LLUL . 

4. QUNLITY ASSURHNCE PRUVISIONS: 

4.1 Responsibility for Inspection: Tt~e vendor of p 

fior vendor s tests and shall be responsible for 
tests. Results of such tests shall be reported 

by 4.5. Purcf~aser reserves the rignt to sample 
cunfi rrnatory testi ng deemed r~ecessary to er~sure 
the requirements of this specification. 

late shall supply all san~ples 

performiny all required 
to the purctiaser as required 

and to perform any 
tt~at the plate conforms to 

4.Z Classification of Tests: 

4.~.1 Acceptance Tests: Tests to deterrnine cor~formance to requirements for 

con~position (3.1), long-transverse tensile properties and, when specified, 
lor~yitudinal, short-transverse, or both, tensile properties (3.3.1), 

fracture touy~~ness (3.3.3), ultrasonic soundness (3.4.1), and tolerances 
(3.5) are classified as acceptance tests and shall be performed on each 

lot. 

4.2.~ Periodic Tests: Tests to d~termine conformance to reGuirements for 

stress-corrosion resistance 13.3.2) are classified as periodic tests and 
s~iall be performed at a frequency selected by the vendor unless frequency 

of testing is specified by purchaser. 

4.3 San~Nl i ny: Shal 1 be i n accordance wi th AMS 2355 or f~1Ahi 2355 and the 
followiny: 

4.3.1 Terisile specimens shall ~e taken with tf~e axis of specimens in the 

lony-transverse direction and, when specified, in the lonyitudinal, 
sYiort-transverse, or botli directions. 

4.:s.2 Specimens for stress-corrosion testing shall be taken parallel to the 

sY~ort-transverse grain direction from the center width of at least one 
~,l ate f ror~i each 1 ot. 

4.3.3 Specir~~ens for fracture-touyf~ness testi ny shal l be taken from tfie center 
width of at least one plate in each lot for each test direction specified. 

4.4 Reports: 

4.~.1 Tr~e vendor ofi plate shall furnish witl~ each shipment a report statiny that 

the plate conforms to the chemical composition and showing the results of 
tests on each inspection lot to determine conforr~ance to the other 

technical reyuirements of this specification. This report shall include 
tf~e purchase order number, inspection lot nun~ber, Ah1S 4221, size, and 

auantitv. 
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