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AEROSPACE AMS 4229C 

SPECIFICATION ~ s s u e d  11-1-69 

The Engineering Society 
(IiA =For Advancing Mobility 

--Land Sea Air and Space MATE RIAL 
400 Commonwealth Drive, Warrendale, PA 15096-0001 

Revised 1-1-90 

Superseding AMS 42298 
Submitted for recognition as an American National Standard 

ALUMINUM ALLOY CASTINGS, H I G H  STRENGTH 

So lu t i on  Heat Treated and Overaged 
4.5Cu - 0.70Ag - 0.30Mn - 0.25Mg - 0.25Ti (A201.0-T7) 

UNS A02010 

1. SCOPE: 

1.1 Form: This s p e c i f i c a t i o n  cove rs  an aluminum a l l o y  i n  the  form o f  sand, 
permanent mold, and composite mold cas t ings .  

1 .2  App l i ca t i on :  P r i m a r i l y  fo r  components r e q u i r i n g  a combination o f  h igh  
s t reng th  and moderate d u c t i  1 i t y  a t  both room and e levated temperatures. 

2.  APPLICABLE DOCUMENTS: The f o l l o w i n g  pub l i ca t i ons  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  ex ten 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 app l i cab le  issue o f  o the r  pub l i ca t i ons  s h a l l  
be the  issue i n  e f f e c t  on the date o f  the purchase order .  

The l a t e s t  issue o f  SAE 

2 . 1  SAE Pub l i ca t i ons :  Ava i l ab le  from SAE, 400 Commonwealth D r i v e ,  Warrendale, 
PA 15096-0001. 

2.1.1 Aerospace Ma te r ia l  Spec i f i ca t i on :  

AMS 2360 - Room Temperature Tens i le  Proper t ies  o f  Castings 
AMS 2635 - Radiographic Inspec t i on  
AMS 2645 - Fluorescent Penetrant I nspec t i on  
AMS 2646 - Cont ras t  Dye Penetrant I nspec t i on  
AMS 2694 - Repair Welding o f  Aerospace Castings 
AMS 2750 - Pyrometry 
AMS 2804 - I d e n t i f i c a t i o n ,  Castings 

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.” 

I AMS documents are protected under United States and international copyright laws. Reproduction of these documents by any I means is strictly prohibited without the written consent of the publisher. 
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2.2 A~TC.l_et~l-i_catí~~ns-: Avai Table from ASTM, 1916 Race Street, Philadelphia, PA 
1 91 03-1 187. 

ASTM B 557 - Tension Testing Wrought and Cast Aluminum- and Magnesium- 
ASTM 8 557M - Tension Testing Wrought and Cast Aluminum- and 
ASTM 8 660 - Packaging/Packing of Aluminum and Magnesium Products 
ASTM E 10 - Brinell Hardness of Metallic Materials 
ASTM E 34 - Chemical Analysis o f  Aluminum and Aluminum Alloys 
ASTM E 155 - Reference Radiographs for Inspection of Aluminum and Magnesium 

ASTM G 44 - Alternate Immersion Stress Corrosion Testing in 3.5% Sodium 

Alloy Products 

Magnesium-Al loy Products (Metric) 

Cast i ngs 

Ch lori de Sol ut ion 

3.  TECH N I CA LLR EQU I BEM E NTS. : 

3.1 
0 

3.2 

3 . 3  

.Comp.cxslti-m: Shall conform t o  the fol lowing percentages by weight, 
determined by wet chemical methods in accordance with ASTM E 34, by 
spectrochemlcal methods, or by other analytical methods acceptable t o  
purchaser : 

min max 

Copper 
Si 1 ver 
Mangan e s e 
Magnes i um 
T i  tani um 
I ron 
Si 1 i con 
Other Impurities, each 
Other Impuri ties, total 
Al um1 num 

4.0 - 5.0 
0.40 - 1.0 
0.20 - 0.40 
0.15 - 0.35 
0.15 - 0.35 -- o. 10 -- 0.05 -- 0.03 _- o. 10 
remainder 

CondiWon.: Solution heat treated and overaged. 

Ccistigg: Castings shall be produced in lots from metal conforming t o  3.1. 
Metal remelted from previously analyzed ingot may be poured directly Into 
castings. Furnace or ladle additions of grain-refining elements or alloys 
are permissible. 
additions of foundry operating scrap (gates, sprues, risers, and rejected 
castings), shall not be poured into castings unless first converted t o  
ingot, analyzed, and remelted or unless the composition of a sample taken 
after the last addition t o  the melt conforms t o  3.1. 
castings Is not restricted. 

Molten metal taken from alloying furnaces, with or without 

The type of mold for 

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. 
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3.3.2 A l o t  s h a l l  be a l l  cas t ings  poured from a s i n g l e  m e l t  i n  no t  more than 
0 e i g h t  consecutive hours and s o l u t i o n  heat t r e a t e d  and overaged i n  the same 

heat t reatment  batch. 

3.4 Cast T e s t  Specimens: Chemical ana lys is  specimens, and t e n s i l e  specimens 
0 when requ i red ,  s h a l l  be cas t  as follows and, when requested, s h a l l  be 

supp l ied  w i t h  the  cas t ings .  

3.4.1 Chemical Analvs is  Specimens: Sha l l  be cas t  from each m e l t  and s h a l l  be o f  
0 any s u i t a b l e  s i ze  and shape. 

3.4.2 Tens i le  Specimens: Sha l l  be cas t  w i t h  each l o t  o f  cast ings,  s h a l l  be o f  
standard propor t ions  conforming t o  ASTM B 557 or ASTM B 557M w i t h  
0.500 inch  (12.70 mm) diameter a t  t he  reduced p a r a l l e l  gage sect ion,  and 
s h a l l  be cas t  t o  s ize  i n  molds rep resen ta t i ve  o f  the  p r a c t i c e  used f o r  
cas t ings .  Metal for  the  specimens s h a l l  be p a r t  o f  the me l t  which i s  used 
for  the  cas t ings .  I f  the  metal fo r  cas t ings  i s  g iven  any t reatment ,  such 
as f l u x i n g  or coo l i ng  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 t reatment ,  s h a l l  be 
heated t o  the  same maximum temperature and h e l d  fo r  approximately the  same 
t i m e  as the  molten metal fo r  the cas t ings .  
du r ing  pour ing  o f  the specimens s h a l l  be no t  lower than t h a t  dur ing  
pour ing  o f  the  cast ings.  

The temperature o f  the  metal 

3.5 Heat Treatment: No s p e c i f i c  heat t r e a t i n g  i n s t r u c t i o n s  are s p e c i f i e d  bu t  

s o l u t i o n  heat t r e a t e d  and overaged t o  produce the  p roper t i es  s p e c i f i e d  i n  
3.6.1, 3.6.2, and 3.6.3. Recommended heat treatment i s  presented i n  3.5.1 
and 3.5.2. A t  l e a s t  one s e t  o f  t e n s i l e  specimens s h a l l ,  du r ing  each stage 
o f  heat treatment, be p u t  i n t o  a batch-type furnace w i t h  each load o f  
cas t ings  or i n t o  a continuous furnace a t  i n t e r v a l s  of  no t  longer  than th ree  
hours. Pyrometry s h a l l  be i n  accordance w i t h  AMS 2750. 

0 cas t ings  and rep resen ta t i ve  t e n s i l e  specimens, when requ i red ,  s h a l l  be 

3.5.1 For th in -wa l l ,  r a p i d l y - s o l i d i f i e d  cast ings,  s o l u t i o n  heat t r e a t  by heat ing  
t o  940" - 960°F (504" - 516"C), ho ld ing  a t  heat for  2 hours 
r a i s i n g  temperature t o  980" - 990°F (527" - 532"C), ho ld ing  a t  heat f o r  
8 hours 
(188°C f 6) and ho ld ing  a t  heat fo r  5 hours 0.25. 

0.25, 

0.25, and quenching and overage by heat ing  to  370°F ti 10 

3.5.2 For s l o w l y - s o l i d i f i e d ,  heavy-walled cas t ings  Ce.g., sand cas t ings  having 
3/4 - 2 i nch  (19 - 51 mm) w a l l ] ,  s o l u t i o n  heat t r e a t  by heat ing  t o  
900" - 920°F (482" - 493"C), ho ld ing  a t  heat fo r  2 hours 0.25, r a i s i n g  
temperature t o  940" - 960°F (504" - 516"C), ho ld ing  a t  heat for  
2 hours ti 0.25, r a i s i n g  temperature t o  980" - 990°F (527" - 532"C), 
ho ld ing  a t  heat fo r  12 hours 0.25, and quenching and overage by heat ing  
t o  370°F 2 10 (188°C 2 6) and ho ld ing  a t  heat fo r  5 hours ti 0.25. 

3.6 Proper t ies :  Castings w i t h  nominal wa l l  th ickness 1.0 i nch  (25 mm) and under 
and no t  over 50 pounds (23 kg) i n  o v e r a l l  weight and rep resen ta t i ve  t e n s i l e  
specimens produced i n  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; p roper t y  requirements for  cast ings over 1.0 inch  (25 mm) i n  
nominal wa l l  th ickness or over  50 pounds (23 kg) i n  o v e r a l l  weight s h a l l  be 
as agreed upon by purchaser and vendor (See 8.2) :  
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3.6.1 Tensi~-e-~~o~-e~~ti-e-s:  Sha l l  be as follows, determined i n  accordance w i t h  
ASTM II 557 or ASTM 8 557M; conformance to  the  requirements o f  3.6.1.1 
s h a l l  be used as bas is  fo r  acceptance o f  cas t ings  except when purchaser 
s p e c i f i e s  t h a t  the requirements o f  3.6.1.2 apply:  

3 6 I 1 I 1 Sp=gci-me.n_c_-Cut f ram Cast i nus-: 

3.6.1.1.1 

9.6.1 .1.2 

4.6.1.1.3 

Tens i le  Strength,  minimum 60,000 p s i  (414 MPa) 
Y i e l d  S t rength  a t  0.2% O f f s e t ,  minimum 50,000 p s i  (345 MPa) 
Elongat ion i n  40, minlmum 3% 

Castj.ns_Ar:e.as--O-th.er-thak-De&Lg'tated Areas : 

f e n s l l e  Strength,  minimum 56,000 p s i  (386 MPa) 
Y i e l d  S t rength  a t  0.2% O f f s e t ,  minimum 48,000 p s i  (331 MPa) 
Elongat lon i n  40, minlmum 1.5% 

When p r o p e r t i e s  o t h e r  than those o f  3.6.1.1.1 or 3.6.1.1.2 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 cas t ings  chosen a t  random t o  represent the 
lo 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 
speclmens. Property requirements may be designated i n  accordance w i t h  
AMS 2360. 

Tens l le  Strength,  minimum 60,000 p s i  (414 MPa) 
Y ie ld  St rength  a t  0.2% O f f s e t ,  minimum 50,000 p s i  (345 MPa) 
Elongat ion I n  4D, minimum 3% 

3.6.2 tr_a~~ine_s_s_of_Ca_stinus.~ Castings, except a t  sprue and r i s e r  l oca t i ons ,  
should have hardness o f  110 - 145 HB/10/500 or 115 - 150 HB/10/1000, 
determined i n  accordance with ASTM E 10, b u t  cas t lngs  s h a l l  n o t  be 
regected on the basis o f  hardness i f  the t e n s i l e  p roper t y  requirements of 
3.6.1.1.1 are m e t .  

3.6.3 Ltt-s-s=Cmro-sion Re-si-s-tan@: Specimens as i n  4.3.5 s h a l l  show no evidence 
sf? s t ress-cor ros ion  c rack ing  when tes ted  by a l t e r n a t e  immersion i n  
accordance w i t h  ASTM G 44 a t  a s t ress  o f  75% o f  the s p e c i f i e d  minimum 
y1 e 1 (I s t r e n g t  t i .  

3 .7 Qu al& : 

3.7.1 Castings, 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 
cond i t i on ,  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 ions  
de t r imenta l  t o  usage o f  the cas t ings .  

3.7.1.1 Castings s h a l l  have smooth surfaces and s h a l l  be w e l l  cleaned. 
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3.7.2 

3.7.3 

3.7.4 

3.7.5 

Castings s h a l l  be produced under rad iograph ic  c o n t r o l .  Th is  con t ro l  s h a l l  
cons i s t  of  rad iograph ic  examination o f  cast ings i n  accordance w i t h  
AMS 2635 u n t i l  proper foundry technique, which w i l l  produce cast ings 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 of  produc t ion  cas t ings  as necessary t o  ensure maintenance o f  
s a t i s f a c t o r y  q u a l i t y .  

When spec i f i ed ,  cas t ings  s h a l l  be subjected t o  f l uo rescen t  penetrant  
i nspec t i on  i n  accordance w i t h  AMS 2645, t o  con t ras t  dye penetrant  
i nspec t i on  i n  accordance w i t h  AMS 2646, or t o  both. 

Radiographic, f l uo rescen t  penetrant ,  con t ras t  dye penetrant ,  and o ther  
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  de f i ne  rad iograph ic  acceptance standards. 

Castings s h a l l  no t  be reworked by peening, p lugging,  welding, or o ther  
methods w i thou t  w r i t t e n  permission f rom purchaser. 

3.7.5.1 When permi t ted  i n  w r i t i n g  by purchaser, imper fect ions i n  cast ings may be 
0 reworked by welding i n  accordance w i t h  AMS 2694. 

3.7.6 Castings s h a l l  no t  be impregnated, chemical ly  t rea ted ,  or coated t o  
prevent  leakage u n l e s s  s p e c i f i e d  or al lowed by w r i t t e n  permission o f  
purchaser, des ignat ing  the method t o  be used. 

4. OUALITY ASSURANCE PROVISIONS: 

4.1 R e s p o n s i b i l i t v  for  Inspec t ion :  The vendor o f  cas t ings  s h a l l  supply a l l  
samples for  vendor's t e s t s  and s h a l l  be responsib le  for  per forming a l l  
r equ i red  t e s t s .  Results o f  such t e s t s  s h a l l  be repor ted  t o  the purchaser as 
requ i red  by 4.5. Purchaser r e s e r v e s  the  r i g h t  t o  sample and t o  per form any 
conf i rmatory  t e s t i n g  deemed necessary t o  ensure t h a t  the cast ings conform t o  
the  requirements o f  t h i s  s p e c i f i c a t i o n .  

4.2 C l a s s i f i c a t i o n  o f  T e s t s :  

4.2.1 Acceptance Tests: Tests for  composit ion (3.1), t e n s i l e  p roper t i es  o f  
specimens c u t  f rom cast ings (3.6.1.1) or, when spec i f i ed ,  t e n s i l e  
p r o p e r t i e s  o f  separately-cast specimens (3.6,1.2), hardness (3.6.21, and 
q u a l i t y  (3.7) are acceptance t e s t s  and s h a l l  be performed t o  represent  
each m e l t  or l o t  o f  cast ings as app l icab le .  

4.2.1.1 Tens i le  p roper t i es  o f  separately-cast specimens s h a l l  be determined on ly  
0 when s p e c i f i e d  by purchaser o r  when no t  f e a s i b l e  t o  o b t a i n  specimens cu t  

from cas t ings .  Tens i le  p roper t i es  o f  specimens c u t  f rom cast ings need 
no t  be determined when t e n s i l e  p roper t i es  o f  separate ly-cast  specimens 
are determi ned. 

4.2.2 Per iod i c  T e s t s :  T e s t s  for  s t ress-corros ion res is tance (3.6.3) are 
p e r i o d i c  t e s t s  and s h a l l  be performed a t  a frequency se lected by the 
vendor unless frequency o f  t e s t i n g  i s  s p e c i f i e d  by purchaser. 
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4.2.3 F~~@p~~~-d-u-c~i-~~e-s-t-s*: Tests for all technical requirements are 
0 preproduction teats and shall be performed prior t o  o r  o n  the 

first-artlele shipment of a casting t o  a purchaser, when a change in 
ingredients and/or processing requires reapproval as in 4.4, and when 
purchaser deems confirmatory testing t o  be required. 

4.2.3.1 For direct U.S. blilitary procurement, substantiating test data and, when 
requested, preproduction test material shall be submitted t o  the 
cognizant agency as directed by the procuring activity, contracting 
sffi Cer, o r  reques t fo r  procurement. 

4.3 SamRli-n.g-andlles~~-ng: Shall be in accordance with the fol lowing; the number 
0 

4.3.1 A t  least one chemical analysis specimen in accordance with 3.4.1 from each 

of specimens to be sampled shall be the minimum number of specimens tested: 

0 melt, a casting from each lot, or both, 

4.3.2 Two preproduction castings in accordance with 4.4.1 of each part number. 

4.3.3 Not less than four tensile specimens machined from a casting or castings 
Prom each lot except when purchaser specifies use of separately-cast 
specimens. 
be either 0.500 inch (12.70 mm) diameter a t  the reduced parallel gage 
section, subslze specimens proportional t o  the standard, o r  standard 
sheet-type specimens. 
not less than four specimens, two from the thickest section and two from 
the thinnest section, shall be cut from a casting or castings from each 
lot. 

Specimens shall conform t o  ASTM B 557 o r  ASTM B 557M and shall 

If specimen locations are not shown on the drawing, 

4.3.4 Three tensile specimens in accordance with 3.4.2 from each lot when 
purchaser cpecifies use of separately-cast specimens 

4.3.5 Specimens for stress-corrosion tests chal 1 be tensile specimens taken from 
the same areas of  castings as for tensile tests of specimens cut from 
castings. Whenever practicable, specimens shall be not less than 
0.250 inch (6.35 mm) diameter at the reduced gage section. If tensile 
specimens are not cut from castings but are separately-cast, stress- 
corroclan specimens may be taken from the separately-cast specimens. 

4'4 App.rmal_: 

4.4.1 Sample castlngs from new o r  reworked patterns o r  molds and the casting 
procedure shall be approved by purchaser before castings for production 
use are supplied, unless such approval be waived by purchaser. 

4.4.2 Vendor shall establish, for production of sample castings of each part 
number, parameters for the process control factors which will produce 
acceptable castings; these shall consti tute the approved casting procedure 
and shall be used for producing production castings. If necessary t o  make 
any change in parameters for the process control factors, vendor shall 
submit for reapproval a statement of the proposed changes in processing 
and, when requested, sample castings, test specimens, o r  both. Production 
castings incorporating the revised operations shall not be shipped prior 
t o  receipt of reapproval. 
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