
I 

B 

SAE A M S * 4 1 4 0 G  91 7943725 0503606 9 

AMS 4140G 

SPECIF'CATIoN 

AEROSPACE 
MATER IA L 

The Engineering Society eA =For Advancing Mobility 
-Land Sea A n  and Space@ 
I N T E R N A T I O N A L  

400 Commonwealth Drive, Warrendale, PA 15096-0001 I Revised 1 OCT 1991 
Submitted for recognition as an American National Standard Supersedi ng AMs 41 4OF 

ALUMINUM ALLOY DIE FORGINGS 

Solution and Precipitation Heat Treated 
4.0Cu - 2.ONi - 0.68Mg (2018-T61) 

UNS A92018 

1 .  SCOPE: 

1 . 1  Form: 

This specification covers an aluminum alloy in the form of die forgings and 
forging stock. 

1.2 Application: 

This product has been used typically for small forged parts for aircraft 
engines, but usage is not limited to such applications. 

1.2.1 Certain design and processing procedures may cause these forgings to 
become susceptible to stress-corrosion cracking; ARP823 recommends 
practices to minimize such conditions. 

2. APPLICABLE DOCUMENTS: 

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 Commonwealth Drive, Warrendale, PA 15096-0001. 

AMS 2201 Tolerances, Aluminum and Aluminum Alloy Bar, Rod, Wire, and 
Forging Stock, Rolled or Cold Finished 

MAM 2201 Tolerances, Metric, Aluminum and Aluminum Alloy Bar, Rod, Wire, 
and Forging Stock, Rolled, Drawn, or Cold Finished 

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." 

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

Copyright 1991 Society of Automotive Engineers, Inc. 
All rights reserved. Printed in U.S.A. 
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2.1 SAE P u b l i c a t i o n s  (Cont inued):  

AMS 2355 Q u a l i t y  Assurance Sampling and Tes t i ng  o f  Aluminum Alloys and 

MAM 2355 Q u a l i t y  Assurance Sampling and Tes t i ng  o f  Aluminum Alloys and 

AMS 2808 I d e n t i f i c a t i o n ,  Forgings 
ARP823 M in im iz ing  St ress  Cor ros ion  Crack ing i n  Wrought Heat Trea tab le  

Magnesium Alloys, Wrought Product (Except Forg ing  Stock) and F lash 
Welded Rings 

Magnesium Alloys, Wrought Product (Except Forg ing  Stock) and F lash 
Welded Rings, M e t r i c  ( S I )  U n i t s  

Aluminum Alloy Products 

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 ,  Ph i l ade lph ia ,  PA 19103-1187. 

ASTM B 594 U l t r a s o n i c  I n s p e c t i o n  o f  Aluminum-Alloy Products for  Aerospace 

ASTM B 660 Packaging/Packing o f  Aluminum and Magnesium Products 
A p p l i c a t i o n s  

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  from Standard i za t i on  Documents Order Desk, B u i l d i n g  4D, 700 
Robbins Avenue, Ph i l ade lph ia ,  PA 19111-5094. 

MIL-H-6088 
MIL-STD-6866 Inspec t i on ,  L i q u i d  Penetrant  

Heat Treatment o f  Aluminum Alloys 

3. TECHNICAL REQUIREMENTS: 

3.1 Composi t i o n :  
( R I  

S h a l l  conform t o  the  percentages by weight  shown i n  Table 1, determined i n  
accordance w i t h  AMS 2355 or MAM 2355. 

TABLE 1 - Composi t i o n  

Element min max 

Copper 
N icke l  
Magnes i um 
I ron 
S i l i c o n  
Z inc 
Mangane se 
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  
Aluminum 

3.5 - 4.5 
1.7 - 2.3 
0.45 - 0.9 
-- 1 .o 
-- 0.9 
-- 0.25 
-- 0.20 
-- o. l o  
-- 0.05 
-- 0.15 

remainder 

- 2 -  
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3.2 Condi t i o n :  

The product  s h a l l  be supp l i ed  i n  the  f o l l o w i n g  c o n d i t i o n :  

3.2.1 Forgings: 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  
M I  L-H-6088 

3.2.2 Forg ing Stock: A s  ordered by the  f o r g i n g  manufacturer.  

3.3 P r o p e r t i e s :  

The product  s h a l l  conform t o  the  f o l l o w i n g  requirements,  determined i n  
accordance w i t h  AMS 2355 or MAM 2355: 

3.3.1 Forgings: 

3.3.1.1 Tens i l e  P r o p e r t i e s :  S h a l l  be as follows: 

3 .3 .1 .1 .1  T e s t  Specimens: Specimens, machined from separate ly- forged coupons or 
from f o r g i n g  s tock  r e p r e s e n t i n g  the  f o r g i n g s  and, i n  e i t h e r  case, heat  
t r e a t e d  w i t h  the  f o r g i n g s  or machined from p r o l o n g a t i o n s  on heat  
t r e a t e d  f o r g i n g s ,  s h a l l  have the  p r o p e r t i e s  shown i n  Table 2: 

TABLE 2 - Minimum T e n s i l e  P r o p e r t i e s  

Proper ty  Value 

Tens i l e  S t reng th  
Y i e l d  S t reng th  a t  0.2% O f f s e t  
E longat ion i n  4D 

55.0 k s i  (379 MPa) 
40.0 k s i  (276 MPa) 

1 0% 

3.3.1.1.2 Forgings With Gra in  Flow: Specimens machined from f o r g i n g s ,  w i t h  a x i s  
o f  specimen i n  area of  gage l e n g t h  v a r y i n g  not more than 15 degrees 
f rom p a r a l l e l  t o  the  f o r g i n g  flow l i n e s ,  s h a l l  have p r o p e r t i e s  as 
s p e c i f i e d  i n  Table 2. 

3.3.1.2 Hardness: Should be n o t  lower than 100 HB/10/500 or 106 HB/10/1000, or 
equ iva len t ,  b u t  f o r g i n g s  s h a l l  n o t  be r e j e c t e d  on t h e  b a s i s  o f  hardness 
i f  the  t e n s i l e  p r o p e r t y  requirements a re  m e t .  
a l s o  meet  t he  requirements o f  3.3.1.2.1. 

P i s t o n  f o r g i n g s  s h a l l  

3.3.1.2.1 P i s t o n  f o r g i n g s  s h a l l  r e t a i n  hardness n o t  lower than 90 HB/10/500 or 
93 HB/10/1000, or equ iva len t ,  a f t e r  be ing heated t o  450°F f 10 
(232°C 61, h e l d  a t  heat  for  5 hours f 0.2, and cooled i n  a i r .  

3.3.1.3 Gra in  Flow: Except i n  areas o f  f o r g i n g s  which c o n t a i n  f l a s h - l i n e  end 
g r a i n ,  g r a i n  flow s h a l l  fo l low the  general  contour  o f  the  f o r g i n g  
showing no evidence o f  re -en t ran t  g r a i n  flow. 

- 3 -  
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3.3.2 Forg ing  Stock: When a sample o f  s tock  i s  f o rged  t o  a t e s t  coupon hav ing a 
( R I  degree o f  mechanical work ing no t  g rea te r  than the  f o r g i n g  and heat  t r e a t e d  

i n  the  same manner as fo rg ings ,  specimens taken from the  heat  t r e a t e d  
coupon s h a l l  conform t o  the  requirements o f  3.3.1.1.1 and 3.3.1.2. 
specimens taken from the  s tock  a f t e r  heat  t rea tment  i n  the  same manner as 
f o r g i n g s  conform t o  the  requirements o f  3.3.1.1.1 and 3.3.1.2, t he  t e s t s  
s h a l l  be accepted as equ iva len t  t o  t e s t s  o f  a fo rged  coupon. 

I f  

I 3 * 4  
The produc t ,  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 
condi t ion,  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  to  usage o f  the  product .  

3.4.1 
( R )  

When s p e c i f i e d ,  f o r g i n g s  s h a l l  be subjected t o  u l t r a s o n i c  i n s p e c t i o n  i n  
accordance w i t h  ASTM B 594 and/or 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  MIL-STD-6866. Standards for  acceptance s h a l l  be as agreed 
upon by purchaser and vendor. 

3.4.2 When s p e c i f i e d ,  each f o r g i n g  s h a l l  be etched t o  produce a sur face  s u i t a b l e  
( R )  for  v i s u a l  i nspec t i on .  Surfaces s h a l l  be evaluated fo r  de fec ts  such as 

seams, laps ,  bu rs ts ,  and quench cracks.  Surface imper fec t i ons  which can 
be removed so t h a t  they do n o t  reappear on re -e tch ing  and the  r e q u i r e d  
sec t ion  th ickness  can be mainta ined are acceptable.  

3.5 Tolerances: 

Forg ing  s tock  s h a l l  conform t o  a l l  a p p l i c a b l e  requirements o f  AMS 2201 or 
MAM 2201. 

4. QUALITY ASSURANCE PROVISIONS: 

4.1 
( R )  

Responsi b i  1 i ty  for  Inspec t i on :  

The vendor o f  the  produc t  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 respons ib le  fo r  per fo rming  a l l  r e q u i r e d  t e s t s .  Purchaser reserves 
the  r i g h t  t o  sample and t o  per fo rm any con f i rma to ry  t e s t i n g  deemed necessary 
t o  ensure t h a t  t he  produc t  conforms t o  the  requirements o f  t h i s  
spec i f i  c a t  i on. 

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

4.2.1 Acceptance Tests :  
( R I  

Tests o f  the  produc t  f o r  composi t ion (3.1) and o f  
f o r g i n g s  for  t e n s i l e  p r o p e r t i e s  (3.3.1.1>, hardness (3.3.1.21, q u a l i t y  
(3.4) and, when s p e c i f i e d ,  
i n s p e c t i o n  (3.4.1) and e t c h i n g  and v i s u a l  i n s p e c t i o n  (3.4.21, a re  
acceptance t e s t s  and s h a l l  be performed on each l o t .  

u l t r a s o n i c  and/or f l u o r e s c e n t  pene t ran t  
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