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AEROSPACE 
MATERIAL 
SPECIFICATION 

me Engineedng Society 
Advancing Mobility 

-Land Sea Air and Space@ 
I N T E R N A T I O N A L  
400 Commonwealth Drive. Warrendale, PA 15096-0001 

I Revised DEC 1994 
Submitted for recognition as an American National Standard I Superseding AMS 4215E 

ALUMINUM ALLOY, CASTINGS 
5.0Si - 1.2Cu - 0.50Mg (C355.0-T6) 

Solution and Precipitation Heat Treated 
UNS A33550 

1. SCOPE: 

1.1 Form: 

This specification covers an aluminum alloy in the form of sand, 
mold, composite mold, and investment castings. 

1.2 Application: 

These castings have been used typically for components requiring 
strength at room and elevated temperatures, but usage i s  not lim 
appl i cat i on. 

2. APPLICABLE DOCUMENTS: 

permanent 

good 
ted to such 

The following publications form a part of this specification to the extent 
specified herein. The latest issue of SAE publications shall apply. The 
applicable issue of other publications shall be the issue in effect on the 
date of the purchase order. 

2.1 SAE Publications: 

Available from SAE, 400 Commonweal th Drive, Warrendale, PA 15096-0001. 

AMS 2635 Radiographic Inspection 
AMS 2645 F1 uorescent Penetrant Inspection 
AMS 2694 Repair Welding of Aerospace Cast 
AMS 2771 Heat Treatment o f  Aluminum Alloy 
AMS 2804 Identification, Castings 

rigs 
Cast i ngs 

CAE Technical Standards Board Rules provide that. "This report is published by S A E  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 
ansing therefrom, is the sole responsibility of the user." 

S A E  reviews each technical report at least every five years at which lime it may be reaffirmed, revised, or cancelled. SAE invites your written 
comments and suggestions. 

Copyright 1994 Society of Automotive Engineers, Inc 
All rights reserved Printed in U.S.A. 
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ANS 4215F SAE ANS 4215F I 
2.2 ASTM Pub l ica t ions :  

Ava i l ab le  from ASTM, 1916 Race St ree t ,  Phi ladelphia,  PA 19103-1187. 

ASTM B 557 Tension Tes t ing  Wrought and Cast Aluminum- and Magnesium-Alloy 
Products 

ASTM B 55711 Tension Tes t ing  Wrought and Cast Aluminum- and Magnesium-Alloy 
Products (Me t r i c )  

ASTM B 660 Packaging/Packing o f  Aluminum and Magnesium Products 
ASTM E 10 B r i n e l l  Hardness o f  M e t a l l i c  Ma te r ia l s  
ASTM E 34 Chemical Analysis o f  Aluminum and Aluminum A l l oys  
ASTM E 155 Reference Radiographs f o r  Inspec t ion  o f  Aluminum and Magnesium 

Cast i ngs 

3.  TECHNICAL REQUIREMENTS: 

3.1 Composition: 

Sha l l  conform t o  t h e  percentages by weight shown i n  Table 1, determined by 
wet chemical methods i n  accordance w i t h  ASTM E 34, by spectrochemical 
methods, o r  by o the r  a n a l y t i c a l  methods acceptable t o  purchaser. 

TABLE 1 - Composition 

E l  emen t 

S i l  i con  
Copper 
Magnes i um 
I ron  
T i  t a n i  um 
Manganese 
Zinc 
Other Impur i t i es ,  each 
Other Impur i t i es ,  t o t a l  
A l  umi num 

min 

4.5 
1 .o 
0.40 -- 
_- 
-- 
-- 
-- 
-- 

remainder 

max 

5.5 
1.5 
0.6 
0.20 
0.20 
0.10 
0.10 
0.05 
0.15 

3.2 Condi t ion:  

So lu t i on  and p r e c i p i t a t i o n  heat t r e a t e d  (See 3.5). 

3.3 Cast ing:  
( R I  

Castings s h a l l  be produced i n  l o t s  from metal conforming t o  3.1. Molten 
metal taken from a l l o y i n g  furnaces, w i t h  o r  w i thout  add i t ions  o f  foundry 
opera t ing  scrap (gates, sprues, r i s e r s ,  and r e j e c t e d  cast ings),  s h a l l  no t  be 
poured i n t o  cas t ings  unless f i r s t  converted t o  ingo t ,  analyzed, and remelted 
o r  unless the  composit ion o f  a sample taken a f t e r  t he  l a s t  a d d i t i o n  t o  the  
m e l t  conforms t o  3.1. The type o f  mold f o r  cas t ings  i s  no t  r e s t r i c t e d .  

- 2 -  
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3.3.1 A melt shall be the metal withdrawn from a batch-furnace charge of 
2000 pounds (907 kg) or less as melted for pouring castings or, when 
permitted by purchaser, a melt shall be 4000 pounds (1814 kg) or less of 
metal withdrawn from one continuous furnace in not more than eight 
consecutive hours. 

3 .3 .2  A lot shall be all castings poured from a single melt in not more than 
eight consecutive hours and solution and precipitation heat treated in the 
same heat treatment batch. 

3.4  Cast Test Specimens: 

Chemical analysis specimens and tensile specimens, when required, shall be 
cast as follows: 

3 .4 .1  Chemical Analysis Specimens: Shall be cast from each melt and shall be of 
(R) any suitable size and shape appropriate to the test method. 

3 .4 .2  Tensile Specimens: When purchaser specifies use of separately-cast 
(R )  specimens, they shall be cast with each lot of castings, shall be of 

standard proportions conforming to ASTM B 557 or ASTM B 557M, and shall be 
cast to size in molds representative of the practice used for castings. 
Metal for the specimens shall be part of the melt which is used for the 
castings. 

3 .5  Heat Treatment: 

Shall be in accordance with AMS 2771 except as follows: 
( R )  

3.5.1 Solution Heat Treatment: Quenching medium shall be an aqueous polymer 
( R )  

3 . 5 . 2  Precipitation Heat Treatment: May begin immediately after quenching; 
(R )  

solution (15 to 30% polymer) or hot water at not lower than 150 O F  (66 OC). 

product shall be at temperature for not less than three hours. 

3.6 Properties: 

Castings, and separately-cast tensile specimens when required, shall conform 
to the following requirements: 

ASTM B 557 or ASTM B 557M; conformance to the requirements of 3 . 6 . 1 . 1  shall 
be used as the basis for acceptance o f  castings except when purchaser 
specifies that the requirements of 3 .6 .1 .2  or 3.6.1.3 apply: 

3 .6 .1  Tensile Properties: Shall be as follows, determined in accordance with 

3.6 .1 .1  Specimens Cut From Any Area o f  a Casting: Specimens as in 4 . 3 . 3  shall 
have the properties shown in Jable 2. 

I 
- 3 -  
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3.6.1.2 

3.6.1.3 

TABLE 2 - Minimum Tensile Properties 

Property Value 
Tensile Strength 35.0 ksi (241 MPa) 
Yield Strength at 0.2% Offset 28.0 ksi (193 MPa) 
Elongation in 4D 2% 

Specimens Cut From Integrally-Cast Coupons: 
shall have the properties shown in Table 3: 

Specimens as in 4.3.3.1 

TABLE 3 - Minimum Tensile Properties 

Property Val ue 
Tensile Strength 35.0 ksi (241 MPa) 
Yield Strength at 0.2% Offset 28.0 ksi (193 MPa) 
Elongation in 4D 2% 

Separately-Cast Specimens: 
properties shown in Table 4:  

Specimens as in 4 . 3 . 4  shall have the 

TABLE 4 - Minimum Tensile Properties 

Pronertv  Value 
Tensile Strength 37.0 ksi (255 MPa) 
Yield Strength at 0.2% Offset 30.0 ksi (207 MPa) 
Elongation in 4D 1% 

3.6.2 Hardness of Castings: Castings should have hardness of 75 to 110 HB/10/500 
or 80 to 115 HB/10/1000, determined in accordance with ASTM E 10, but 
castings shall not be rejected on the basis o f  hardness if the tensile 
property requirements of 3 . 6 . 1 . 1  are met. 

3.7 Quality: 

3 .7 .1  Castings, as received by purchaser, shall be uniform in quality and 
condition, sound, and free from foreign materials and from imperfections 
detrimental to usage of the castings. 

3 .7 .1 .1  
( R I  permit nondestructive inspection. 

Castings shall have smooth surfaces and shall be cleaned sufficiently to 

- 4 -  
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3.7.2 Castings shall be subjected to radiographic examination in accordance with 
AMS 2635 or other inspection techniques acceptable to purchaser until 
proper foundry technique, which will produce castings free from harmful 
internal imperfections, is established for each part number and of 
production castings as necessary to ensure maintenance of satisfactory 
qual i ty. 

3.7.3 When specified, castings shall be subjected to fluorescent penetrant 
(R) inspection in accordance with AMS 2645. 

3.7.4 Radiographic, fluorescent penetrant, and other quality standards shall be 
as agreed upon by purchaser and vendor. ASTM E 155 may be used to define 
radiographic acceptance standards. 

3.7.5 Castings shall not be reworked by peening, plugging, welding, or other 
methods without written permi ssi on from purchaser. 

3.7.5.1 When permitted in writing by purchaser, defects in castings may be 
removed and the castings reworked by welding in accordance with AMS 2694. 

3.7.6 Castings shall not be impregnated, chemically treated, or coated to prevent 
leakage unless specified or allowed by written permission of purchaser, 
designating the method to be used. 

4. QUALITY ASSURANCE PROVISIONS: 

4.1 Responsibility for Inspection: 

The vendor of castings shall supply all samples for vendor’s tests and shall 
be responsible for performing all required tests. Purchaser reserves the 
right to sample and to perform any confirmatory testing deemed necessary to 
ensure that the castings conform to the requirements of this specification. 

4.2 Classification of Tests: 

4.2.1 Acceptance Tests: Except as specified in 4.2.1.1, tests for composition 
(3.1), tensile properties of specimens cut from castings (3.6.1.1) or, when 
specified, from integrally-cast coupons (3.6.1.2) or tensile properties of 
separately-cast specimens (3.6.1.3), and qual i ty (3.7) are acceptance tests 
and shall be performed to represent each melt or lot as applicable. 

4.2.1.1 Tensi 1 e properties of separately-cast specimens shall be determined only 
when specified by purchaser or when specimens cut from castings or from 
integrally-cast coupons cannot be obtained. Tensile properties of 
separately-cast specimens need not be determined when tensile properties 
of specimens cut from castings or from integrally-cast coupons are 
determined. 

4.2.2 Periodic Tests: Tests for hardness (3.6.2) are periodic tests and shall be 
performed at a frequency selected by the vendor unless frequency o f  testing 
i s  specified by purchaser. 

- 5 -  
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4.2.3 Preproduct ion Tests: Tests f o r  a l l  techn ica l  requirements a r e  
preproduct ion t e s t s  and s h a l l  be performed p r i o r  t o  o r  on the  f i r s t - a r t i c l e  
shipment o f  a cas t i ng  t o  a purchaser, when a change i n  ingred ien ts  and/or 
processing requ i res  reapproval as i n  4.4 .2 ,  and when purchaser deems 
conf i rmatory  t e s t i n g  t o  be requi red.  

4.2.3.1 For d i r e c t  U.S. Mi l i t a ry  procurement, subs tan t i a t i ng  t e s t  data and, when 
requested, preproduct ion t e s t  mater ia l  s h a l l  be submitted t o  t he  
cognizant agency as d i r e c t e d  by the procur ing  a c t i v i t y ,  con t rac t i ng  
o f f i c e r ,  o r  request f o r  procurement. 

4.3 Sampling and Test ing:  

Sha l l  be i n  accordance w i t h  the  fo l low ing :  

4 .3 .1  One o r  more chemical ana lys is  specimens i n  accordance w i t h  3 .4 .1  from each 
me l t  o r  a cas t i ng  f r o m  each l o t .  

4.3.2 Two preproduct ion cas t ings  i n  accordance w i t h  4.4 .1  o f  each p a r t  number. 

4.3.3 Not l e s s  than two t e n s i l e  specimens machined from a cas t i ng  o r  cas t ings  
(R) f r o m  each l o t  except when purchaser spec i f i es  use o f  i n t e g r a l l y - c a s t  

coupons as i n  4.3 .3 .1  o r  use o f  separately-cast  specimens as i n  4.3.4.  
Specimens s h a l l  conform t o  ASTM B 557 o r  ASTM B 557M and s h a l l  be e i t h e r  
0.500 inch  (12.70 mm) diameter a t  the reduced p a r a l l e l  gage sect ion,  
subsize specimens p ropor t i ona l  t o  the standard, o r  standard sheet-type 
specimens. I f  specimen loca t i ons  a r e  no t  shown on the  drawing, no t  l e s s  
than two specimens, one from the  th i ckes t  sec t ion  and one from the  th innes t  
sect ion,  s h a l l  be cu t  from a cas t ing  o r  cas t ings  from each l o t .  

When permi t ted  by purchaser, t e s t  bars i n t e g r a l l y - c a s t  w i t h  the  cast ings 
may be tes ted  i n  l i e u  o f  t e s t i n g  specimens cu t  from cast ings.  
number, and l o c a t i o n  o f  i n t e g r a l l y - c a s t  coupons s h a l l  be as spec i f ied  on 
the  c a s t i n g  drawing o r  as agreed upon by purchaser and vendor. 

4.3.4 When s p e c i f i e d  by purchaser, th ree  separately-cast  t e n s i l e  specimens i n  

4.3.3.1 
Size, ( R I  

accordance w i t h  3.4 .2  represent ing each l o t  o f  cast ings;  one specimen s h a l l  
be t e n s i l e  tes ted  and the  o ther  two re ta ined f o r  r e t e s t s  i f  necessary. 

4.4 Approval : 

4.4.1 Sample cas t ings  f r o m  new o r  reworked pa t te rns  o r  molds and the  cas t i ng  
procedure s h a l l  be approved by purchaser be fore  cast ings f o r  product ion use 
are suppl ied,  unless such approval be waived by purchaser. 

4.4.2 Vendor s h a l l  es tab l i sh ,  f o r  product ion o f  sample cas t ings  o f  each p a r t  
number, parameters f o r  the  process con t ro l  f a c t o r s  which w i l l  produce 
acceptable cast ings;  these s h a l l  c o n s t i t u t e  the  approved cas t i ng  procedure 
and s h a l l  be used f o r  producing product ion cast ings.  I f  necessary t o  make 
any change i n  parameters f o r  the  process c o n t r o l  f ac to rs ,  vendor s h a l l  
submit f o r  reapproval a statement o f  the  proposed changes i n  processing 
and, when requested, sample cast ings,  t e s t  specimens, o r  both. Product ion 
cas t ings  i nco rpo ra t i ng  the  rev ised operat ions s h a l l  n o t  be shipped p r i o r  t o  
r e c e i p t  o f  reapproval .  
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