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SPECIFICATION 

AEROSPACE 
MATERIAL 

IhA =For The Advancing Engineering Mobility Society 
-Land Sea Air and Space@ 
400 Commonwealth Drive, Warrendale, PA i 5096-0001 

Revised 10-1-89 I Superseding AMS 4281D 
Submitted for recognition as an American National Standard 

ALUMINUM ALLOY CASTINGS, PERMANENT MOLD 

S o l u t i o n  and P r e c i p i t a t i o n  Heat Treated 
5.0Si - 1.2Cu - 0.50Mg (355.0-T6) 

UNS A03550 

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 prahibited without the written consent of the publisher. 

Society of Automotive Engineers, Inc. 
Printed in U.S.A. 

m 

1. SCOPE: 

1.1 Form: 
mold cas t ings .  

This  s p e c i f i c a t i o n  covers an aluminum a l l o y  i n  the form o f  permanent 

1.2 A p p l i c a t i o n :  P r i m a r i l y . f o r  p a r t s  r e q u i r i n g  moderate s t r e n g t h  up t o  300°F 

2. APPLICABLE DOCUMENTS: 

(1  49°C). 

The f o l l o w i n g  p u b l i c a t i o n s  form a p a r t  o f  t h i s  
s p e c i f i c a t i o n  t o  the  e x t e n t  s p e c i f i e d  here in .  
p u b l i c a t i o n s  s h a l l  apply.  The a p p l i c a b l e  issue o f  o t h e r  documents s h a l l  be 
as s p e c i f i e d  i n  A M s  2350. 

The l a t e s t  issue o f  SAE 

J 

2.1 SAE P u b l i c a t i o n s :  A v a i l a b l e  from SAE, 400 Commonwealth D r i v e ,  Warrendale, 
PA 15096. 

2.1.1 Aerospace M a t e r i a l  S p e c i f i c a t i o n s :  

AMS 2350 - Standards and T e s t  Methods 
AMS 2360 - Room Temperature Tens i le  Proper t ies  o f  Cast ings 
AMS 2635 - Radiographic I n s p e c t i o n  
AMS 2645 - Fluorescent  Penetrant I n s p e c t i o n  
AMS 2646 - Cont ras t  Dye Penetrant I n s p e c t i o n  
AMS 2694 - Repair Welding o f  Aerospace Cast ings 
AMS 2804 - I d e n t i f i c a t i o n ,  Cast ings 
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2.2 ASTM P u b l i c a t i o n s :  A v a i l a b l e  from ASTM, 1916 Race S t r e e t ,  P h i l a d e l p h i a ,  PA 
19103, 

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

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

ASTM 6 660 - 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  M a t e r i a l s  
ASTM E 34 - Chemical Analys is  o f  Aluminum and Aluminum Alloys 
ASTM E 155 - Reference Radiographs fo r  I n s p e c t i o n  o f  Aluminum and Magnesium 

Products 

Products ( M e t r i c )  

Cast i ngs 

2.3 U.S. Government P u b l i c a t i o n s :  A v a i l a b l e  f rom Commanding O f f i c e r ,  Naval 
P u b l i c a t i o n s  and Forms Center, 5801 Tabor Avenue, Ph i lade lph ia ,  PA 19120. 

2.3.1 M i l i t a r y  S p e c i f i c a t i o n s :  

MIL-H-6088 - Heat Treatment o f  Aluminum Alloys 

3. TECHNICAL REQUIREMENTS: 

3.1 Composition: Sha l l  conform t o  the  f o l l o w i n g  percentages by weight,  
determined by wet chemical methods i n  accordance w i t h  ASTM E 54, by 
spectrochemical methods, or by o t h e r  a n a l y t i c a l  methods acceptable to  
purchaser: 

0 

min ma x 

S i  1 i con 
Copper 
Magnesium 
I r o n  (3.1.1) 
Manganese (3.1.1) 
Zinc 
T i  t a n i  um 
Chromium 
Other I m p u r i t i e s ,  each 
Other I m p u r i t i e s ,  t o t a l  
A l  umi num 

4.5 - 5.5 
1.0 - 1.5 
0.40 - 0.6 
-- 0.6 
-- O. 50 
-- 0.35 
-- 0.25 
-- 0.25 
-- 0.05 
-- 0.15 

remainder 

3.1.1 I f  i ron  content  exceeds 0.45%, manganese content  s h a l l  be n o t  l e s s  than 
one h a l f  t h e  i r o n  content .  

3.2 Condi t ion:  S o l u t i o n  and p r e c i p i t a t i o n  heat t r e a t e d .  

3.3 Cast inas:  Cast ings s h a l l  be produced i n  l o t s  f rom metal conforming t o  3.1. 
Metal  remel ted from p r e v i o u s l y  analyzed i n g o t  may be poured d i r e c t l y  i n t o  
cas t ings .  
are permiss ib le .  
a d d i t i o n s  o f  foundry o p e r a t i n g  scrap (gates,  sprues, r i s e r s ,  and r e j e c t e d  
cas t ings) ,  s h a l l  n o t  be poured i n t o  cast ings unless f i r s t  converted t o  
i n g o t ,  analyzed, and remelted or unless the  composi t ion of  a sample taken 
a f t e r  t h e  l a s t  a d d i t i o n  to  the  m e l t  conforms t o  3.1. 

Furnace or l a d l e  a d d i t i o n s  o f  g r a i n - r e f i n i n g  elements or a l l o y s  
Molten metal taken from a l l o y i n g  furnaces, w i t h  or w i t h o u t  
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3.3.1 A m e l t  s h a l l  be the  metal withdrawn from a batch-furnace charge o f  
2000 pounds (907 kg) or l e s s  as melted for  pour ing  cas t ings  or, when 
p e r m i t t e d  by purchaser, a m e l t  s h a l l  be 4000 pounds (1814 kg) or l e s s  o f  
metal withdrawn from one continuous furnace i n  n o t  more than e i g h t  
consecut ive hours. 

3.3.2 A l o t  s h a l l  be a l l  cast ings poured from a s i n g l e  m e l t  i n  n o t  more than 
hours and s o l u t i o n  and p r e c i p i t a t i o n  heat t r e a t e d  i n  a 0 e i g h t  consecut ive 

heat t r e a t  batch. 

3.4 Cast T e s t  Specimens 
s h a l l  be c a s t  as f o  

3.4.1 Chemical Analys is  
0 any s u i t a b l e  s i z e  

Chemical a n a l y s i s  specimens and t e n s i l e  specimens 
lows: 

Specimens: Sha l l  be c a s t  f rom each m e l t  and s h a l l  be o f  
and shape. 

3.4.2 Tens i le  Specimens: S h a l l  be c a s t  w i t h  each l o t  o f  cas t ings ,  s h a l l  be of  
standard p r o p o r t i o n s  conforming to  ASTM B 557 or ASTM B 557M w i t h  0.500 
i n c h  (12.70 mm) diameter a t  the  reduced p a r a l l e l  gage sec t ion ,  and s h a l l  
be c a s t  to  s i z e  i n  permanent molds. 
o f  t h e  m e l t  which i s  used fo r  the  cast ings.  
g iven  any t reatment ,  such as f l u x i n g  or c o o l i n g  and reheat ing ,  the  metal 
fo r  the  specimens s h a l l  be a p o r t i o n  o f  the  metal so t r e a t e d  and, dur ing  
such treatment,  s h a l l  be heated t o  the  same maximum temperature and he ld  
fo r  approximately the same t i m e  as the  molten metal fo r  the  cas t ings .  
temperature of  t h e  metal dur ing  pour ing  o f  the  specimens s h a l l  be no t  
lower than t h a t  d u r i n g  pour ing  o f  the cast ings.  

0 

Metal fo r  t h e  specimens s h a l l  be p a r t  
I f  the metal fo r  cas t ings  i s  

The 

3.5 Heat Treatment: A l l  cas t ings  and r e p r e s e n t a t i v e  t e n s i l e  specimens s h a l l  be 
s o l u t i o n  and p r e c i p i t a t i o n  heat t r e a t e d  i n  accordance w i t h  MIL-H-6088; a t  
l e a s t  one s e t  o f  specimens s h a l l ,  d u r i n g  each stage o f  heat t reatment ,  be 
p u t  i n t o  a batch-type furnace w i t h  each load of  cas t ings  or i n t o  a 
cont inuous furnace a t  i n t e r v a l s  o f  n o t  longer  than th ree  hours. 

3.6 Proper t ies :  Castings and separately-cast  t e n s i l e  specimens produced 

3.6.1 Tens i le  Proper t ies :  Sha l l  be as follows, determined i n  accordance 
ASTM B 557 or ASTM B 557M; conformance to  t h e  requirements o f  3.6. 
s h a l l  be used as the bas is  for acceptance o f  cas t ings  except when 
purchaser s p e c i f i e s  t h a t  3.6.1.2 a p p l i e s :  . 

accordance w i t h  3.4.2 s h a l l  conform t o  the  f o l l o w i n g  requirements: 

0 

3.6.1.1 Separately-Cast Specimens: 

Tens i le  St rength,  minimum 37,000 p s i  (255 MPa) 
Y i e l d  S t rength  a t  0.2% O f f s e t ,  minimum 23,000 p s i  (159 MPa) 
Elongat,ion i n  4D, minimum 1.5% 

3.6.1.2 Specimens Cut f rom Castinus Sha l l  be as follows, determined on 
0 specimens as i n  4.3.4: 

Tens i le  Strength,  minimum 27,000 p s i  (191 MPa) 
Y i e l d  S t rength  a t  0.2% O f f s e t ,  minimum 17,000 p s i  (117 MPa) 
Elongat ion i n  4D, minimum 0.4% 

i n  

w i t h  
.1 
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3.6.1.2.1 
0 

When p r o p e r t i e s  o t h e r  than those o f  3.6.1.2 are requ i red ,  t e n s i l e  
specimens taken from l o c a t i o n s  i n d i c a t e d  on the  drawing, from a 
c a s t i n g  or cast ings chosen a t  random t o  rep resen t  the  l o t ,  s h a l l  have 
the p r o p e r t i e s  i n d i c a t e d  on the  drawing for  such specimens. Proper ty  
requirements may be designated i n  accordance w i t h  AMS 2360. 

3.6.2 Hardness: Cast ings,  except a t  sprue and r i s e r  l o c a t i o n s ,  should have 
0 hardness o f  80 - 110 HB/10/500 or 85 - 115 HB/10/1000, determined i n  

accordance w i t h  ASTM E 10, b u t  t he  cas t i ngs  s h a l l  n o t  be r e j e c t e d  on the  
bas i s  of  hardness i f  the  t e n s i l e  p r o p e r t y  requirements o f  3.6.1.2 are m e t .  

3.7 û u a l i t y :  

3.7.1 Cast ings,  as rece ived  by purchaser, s h a l l  be un i fo rm i n  q u a l i t y  and 
c o n d i t i o n ,  sound, and f r e e  from f o r e i g n  m a t e r i a l s  and from imper fec t i ons  
de t r imen ta l  t o  usage o f  the  cas t i ngs .  

3.7.1.1 Cast ings s h a l l  have smooth surfaces and s h a l l  be w e l l  cleaned. 

3.7.2 Cast ings s h a l l  be produced under rad iog raph ic  c o n t r o l .  Th is  c o n t r o l  s h a l l  
c o n s i s t  o f  rad iog raph ic  examinat ion o f  cas t i ngs  i n  accordance w i t h  
AMS 2635 u n t i l  proper  foundry technique, which w i l l  produce cas t i ngs  f r e e  
from harmful  i n t e r n a l  imper fect ions,  i s  es tab l  i shed fo r  each p a r t  number 
and o f  p roduc t i on  cas t i ngs  as necessary t o  ensure maintenance o f  
s a t i s f a c t o r y  qual i t y .  

3.7.3 When s p e c i f i e d ,  cas t i ngs  s h a l l  be subjected t o  f l u o r e s c e n t  pene t ran t  
i n s p e c t i o n  i n  accordance w i t h  AMS 2645, t o  c o n t r a s t  dye pene t ran t  
i n s p e c t i o n  i n  accordance.with AMS 2646, or t o  both.  

3.7.4 Radiographic, f l u o r e s c e n t  penetrant ,  c o n t r a s t  dye penetrant ,  and o t h e r  
. q u a l i t y  standards s h a l l  be as agreed upon by purchaser and vendor, 

ASTM E 155 may be used t o  d e f i n e  rad iog raph ic  acceptance standards. 

3.7.5 Cast ings s h a l l  n o t  be reworked by peening, p lugging,  welding, or o t h e r  
methods w i t h o u t  w r i t t e n  permi ss ion  from purchaser. 

3.7.5.1 
0 

When p e r m i t t e d  i n  w r i t i n g  by purchaser, de fec ts  i n  cas t i ngs  may be 
removed and the  cas t i ngs  reworked by weld ing i n  accordance w i t h  AMS 2694. 

3.7.6 Cast ings s h a l l  n o t  be impregnated, chemica l l y  t r e a t e d ,  or coated t o  
prevent  leakage, unless s p e c i f i e d  or a l lowed by w r i t t e n  permiss ion o f  
purchaser, des igna t ing  the  method t o  be used. 

4. QUALITY ASSURANCE PROVISIONS: 

4 .1  R e s p o n s i b i l i t v  fo r  Inspec t i on :  The vendor o f  cas t i ngs  s h a l l  supply a l l  
0 samples for vendor 's t e s t s  and s h a l l  be respons ib le  fo r  per forming a l l  

r e q u i r e d  t e s t s .  Resul ts  of  such t e s t s  s h a l l  be r e p o r t e d  t o  the  purchaser as 
r e q u i r e d  by 4.5, 
con f i rma to ry  t e s t i n g  deemed necessary t o  ensure t h a t  t he  cas t i ngs  conform t o  
the  requirements o f  t h i s  s p e c i f i c a t i o n .  

Purchaser reserves the  r i g h t  t o  sample and to  per form any 
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4.2 C l a s s i f i c a t i o n  o f  Tests: 

4.2.1 Acceptance Tests: Except as s p e c i f i e d  i n  4.2.1.1, t e s t s  for  a l l  t echn ica l  
0 requirements are acceptance t e s t s  and s h a l l  be performed on each m e l t  or 

l o t  as a p p l i c a b l e .  

4.2.1.1 
0 

Tens i l e  p r o p e r t i e s  o f  separately-cast  specimens need n o t  be determined 
when t e n s i l e  p r o p e r t i e s  o f  specimens c u t  from cast ings are determined. 

4.2.2 Preproduct ion Tests: Tests for  a l l  t echn ica l  requirements are 
0 preproduct ion t e s t s  and s h a l l  be performed p r i o r  t o  or on the 

f i r s t - a r t i c l e  shipment o f  a c a s t i n g  t o  a purchaser, when a change i n  
i n g r e d i e n t s  and/or process ing requ i res  reapproval  as i n  4.4.2, and when 
purchaser deems con f i rma to ry  t e s t i n g  t o  be requ i red .  

4.2.2.1 For d i r e c t  U . S .  M i l i t a r y  procurement, s u b s t a n t i a t i n g  t e s t  data and, when 
requested, preproduct ion t e s t  m a t e r i a l  s h a l l  be submit ted t o  the 
cognizant agency as d i r e c t e d  by the  p rocu r ing  a c t i v i t y ,  c o n t r a c t i n g  
o f f i c e r ,  or request  fo r  procurement. 

4.3 Sampling and Test ing:  Sha l l  be i n  accordance w i t h  the f o l l o w i n g ;  t he  number 

4.3.1 A t  l e a s t  one chemical ana lys i s  specimen i n  accordance w i t h  3.4.1 from each 

0 o f  specimens t o  be sampled s h a l l  be the minimum number o f  specimens tes ted :  

0 m e l t ,  a c a s t i n g  from each l o t ,  or both.  

4.3.2 Three separate ly-cast  t e n s i l e  specimens i n  accordance w i t h  3.4.2 
0 rep resen t ing  each l o t  except when p r o p e r t i e s  o f  specimens machined from 

cas t i ngs  are requ i red .  

4.3.3 Two preproduct ion cast ings i n  accordance w i t h  4.4.1 o f  each p a r t  number. 

4.3.4 One or more cas t i ngs  from each l o t  when p r o p e r t i e s  o f  specimens machined 
0 from cas t i ngs  are requ i red .  Specimens s h a l l  conform t o  ASTM B 557 or 

ASTM B 557M and s h a l l  be e i t h e r  0.500 i n c h  (12.70 mm) diameter a t  t he  
reduced p a r a l l e l  gage sec t i on ,  subsize specimens p r o p o r t i o n a l  t o  the  
standard, or standard sheet-type specimens. For determin ing conformance 
t o  the  requirements o f  3.6.1.2, i f  specimen l o c a t i o n s  are n o t  shown on the 
drawing, n o t  l e s s  than f o u r  t e n s i l e  specimens, two from the  t h i c k e s t  
s e c t i o n  and two from the  t h i n n e s t  sect ion,  s h a l l  be c u t  from a c a s t i n g  or 
cas t i ngs  from each lo t .  

4.4 Approval: 

4.4.1 Sample cas t i ngs  from new or reworked molds and the  c a s t i n g  procedure 
be approved by purchaser before cast ings for  p roduc t i on  use are supp 
unless such approval be waived by purchaser. 

s h a l l  
i ed ,  
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