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DENDRITE ARM SPACING OF STRUCTURAL AIRCRAFT QUALITY 
D357 ALUMINUM ALLOY CASTINGS, DETERMINATION AND ACCEPTANCE OF 

1 .  SCOPE: 

1 . 1  This document covers the  recommended p r a c t i c e  fo r  determin ing the  
a c c e p t a b i l i t y  o f  the  d e n d r i t e  arm spacing (DAS) o f  D357-T6 aluminum a l l o y  
cas t ings  r e q u i r e d  t o  have t e n s i l e  s t r e n g t h  n o t  lower than 50,000 p s i  
(345 MPa) . 

1.2 To apply  t h i s  method, a t  l e a s t  two coupons used fo r  DAS measurement and 
t e n s i l e  t e s t i n g ,  s h a l l  be at tached to  the  c a s t i n g .  

1.3 C r i t i c a l  areas o f  the  c a s t i n g  which r e q u i r e  DAS c o n t r o l  must be access ib le  
fo r  sur face DAS measurements. 

1.4 Safetv  - Hazardous M a t e r i a l s :  While the  m a t e r i a l s ,  methods, a p p l i c a t i o n s ,  
and processes descr ibed or referenced i n  t h i s  s p e c i f i c a t i o n  may i n v o l v e  the 
use o f  hazardous m a t e r i a l s ,  t h i s  s p e c i f i c a t i o n  does n o t  address the  hazards 
which may be invo lved i n  such use. I t  i s  the  so le r e s p o n s i b i l i t y  o f  the 
u s e r  t o  ensure f a m i l i a r i t y  w i t h  the  safe and proper use o f  any hazardous 
m a t e r i a l s  and t o  take necessary p recaut ionary  measures t o  ensure the h e a l t h  
and s a f e t y  o f  a l l  personnel invo lved.  

2. APPLICABLE DOCUMENTS: 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  
document t o  the  e x t e n t  s p e c i f i e d  here in .  The l a t e s t  issue o f  SAE 
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  AMS 2350. 

2.1 SAE P u b l i c a t i o n s :  A v a i l a b l e  f rom 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 

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. 
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2.2 ASTM Pub l i ca t i ons :  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, 

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

ASTM i3 557M - Tension Tes t i ng  Wrought and Cast Aluminum- and Magnesium-Alloy 
Products 

Products (Me t r i c )  

3. 

4. 

5. 

5. 

SUMMARY OF METHOD: I t  has been shown t h a t  a l i n e a r  c o r r e l a t i o n  can be 
es tab l i shed  between the  u1 t ima te  t e n s i  l e  s t reng th  (UTS) and the  spacing 
between the  secondary d e n d r i t e  arms o f  D357-T6 cas t i ngs  o f  h i g h  q u a l i t y .  
r e l a t i o n s h i p ,  however, v a r i e s  w i t h  the  heat  t reatment  process and chemical 
composi t ion of  the  a l l o y ;  t he re fo re ,  a p r e l i m i n a r y  e v a l u a t i o n  us ing  at tached 
coupons on the  c a s t i n g  i s  necessary be fore  ac tua l  DAS measurements on the  
c a s t i n g  are  meaningful .  By determin ing  the  UTS and DAS o f  a t tached coupons, 
t he  e f f e c t  of composi t ion and heat  t reatment  on the  DASILITS r e l a t i o n s h i p  i s  
determined. 
c r i t i c a l  areas o f  the  cas t i ng .  

The 

This r e l a t i o n s h i p  i s  used to  eva lua te  the  DAS measured i n  

REFERENCE INFORMATION: 
sec t i on  8 .  

I n fo rma t ion  r e l a t i v e  t o  t h i s  method may be found i n  

D E F I N I T I O N S :  

Dendr i te  arm spacing (DAS) r e f e r s  to  the  spacing between the  secondary arms 
of  the  d e n d r i t e  s t r u c t u r e .  

5.2 P a r t i c l e  i n t e r c e p t e d  d is tance (PID)  r e f e r s  to the spacing between the  
s i l i c o n  p a r t i c l e s  t h a t  a re  i n t e r c e p t e d  by a s t r a i g h t  l i n e  drawn i n  a random 
manner across the  m i c r o s t r u c t u r e .  

6. TEST PROCEDURE: 

6 . 1  Attached Coupon Tes t ing :  

6.1.1 The average DAS and t e n s i l e  s t reng th  o f  the  at tached coupons s h a l l  be 
determined. The a t tached coupons s h a l l  e x h i b i t  a minimum d i f f e r e n c e  o f  
0.0010 i n c h  (0.025 mm) DAS and a UTS o f  47,000 - 57,000 p s i  
(324 - 393 MPa). 

6.1.2 The DAS o f  the  a t tached coupons may be determined on the sur face  o f  the  
coupon as descr ibed i n  6.2.3 or by examining a meta l lograph ic  specimen 
exc ised from the  t e n s i l e  specimen. 

6.1.3 The UTS of  the  at tached coupons s h a l l  be determined i n  accordance w i t h  
ASTM B 557 or ASTM B 557M. 
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6.2 Determinat ion o f  Maximum DAS (DAS max): 

6.2.1 Cal c u l  a t i o n  Method: 

6.2.1.1 The maximum acceptable DAS of  the c a s t i n g  s h a l l  be determined us ing the 
f o l l o w i n g  equat ion:  

Where: 

DASmax = Maximum s i z e  DAS i n  0.0001 i n c h  (2.5 pm) acceptable t o  
m e e t  minimum t e n s i l e  p r o p e r t i e s  

DASI = Size o f  DAS i n  0.0001 i n c h  (2.5 pm) o f  coupon w i t h  
smal les t  s t r u c t u r e  

DAS2 = Size o f  DAS i n  0.0001 i n c h  (2.5 pm) o f  coupon w i t h  
l a r g e s t  s t r u c t u r e  

UTS1 = Tens i le  s t r e n g t h  o f  coupon w i t h  smal les t  DAS (ks i )  

UTS2 = Tens i le  s t r e n g t h  o f  coupon w i t h  l a r g e s t  DAS (ks i )  

UTS3 = Minimum t e n s i l e  s t r e n g t h  r e q u i r e d  (ks i )  

6.2.2 Graphic Method: 

6.2.2.1 

The maximum DAS may be determined g r a p h i c a l l y  i n  the  
0 f o l l o w i n g  manner (See F igure 1 ) .  

E s t a b l i s h  a graph us ing  UTS u n i t s  as the  o r d i n a t e  and DAS u n i t s  as the 
0 abscissa. 

6.2.2.2 P lot  the  UTS and DAS values from t e s t s  o f  the  at tached coupons and draw 
0 a l i n e  connect ing t h e  two p o i n t s .  

6.2.2.3 The maximum DAS i s  determined by p r o j e c t i n g  t h e  i n t e r s e c t i o n  of  the  50 
0 ksi  (345 MPa) UTS and the  r e l a t e d  DAS value. 

6.3 Cast ing Acceptance: 

6.3.1 The DAS s h a l l  be determined a t  each t e s t  l o c a t i o n  on t h e  cas t ing .  

6.3.2 The DAS i n  a l l  t e s t  l o c a t i o n s  s h a l l  be equal t o  or less than t h e  maximum 
acceptable s i z e  determined i n  6.2.1. 

6.4 DAS T e s t  Procedure: 

6.4.1 Prepo l ish inq :  

6.4.1.1 Test l o c a t i o n s  s h a l l  be prepo l ished us ing  100 g r i t  paper f o l l o w e d  by 400 
or 600 g r i t  paper. 
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6.4.1.2 Prepolishing shall be sufficient to produce an outline of the secondary 
arm structure after etching. 

6.4.1.3 Metal removal during polishing shall not exceed 0.005 inch (0.13 mm) 
thickness. 

6.4.2 Final Polishinu and Etchinq: 

6.4.2.1 Final polishing can be accomplished using mechanical or electro- 
polishing equipment. 

6.4.2.2 The electro-polishing and electro-etching solution shall be made up as 
follows: 

D i  sti 1 led Water 120 mL 

Ethyl Alcohol 100 mL 
Butyl Ce1 losolve 100 mL 
Perchloric Acid (60%) 78 mL 

Tartar! c Acid 50 g 

6.4.2.3 Current density and times should be sufficient to reveal the dendrite 
structure of the material. 

6.4.2.4 Chemical etching may be used by carefully swabbing the polished area 
with Keller's etch or other suitable etch to reveal the dendrite 
structure. 
other areas of the casting. 

Care must be exercised to not allow the etchant to spread to 

6.4.2.5 After etching, the casting shall be cleaned to remove all etchant. 

6.4.3 Microstructure Replication: 

6.4.3.1 The microstructure shall be transferred from the etched surface to a 

6.4.3.2 

plastic replica for viewing by an optical microscope. 

Each replica shall be identified for traceability to the test location 
of the casting being evaluated. 

6.4.3.3 A photograph at 1OOX magnification which clearly delineates the 
dendritic structure shall be obtained from the replica. 

6.4.3.4 The microstructure shall clearly distinguish the secondary arm spacing 
from the casting surface. Improper polishing, under-etching, or over- 
etching can produce a misleading microstructure. 

over-etched, the test location shall be repolished very lightly using 
400 to 600 grit paper, repolished, and re-etched. 
locations shall not be re-etched without repolishing. 

6.4.3.5 If the microstructure is improperly polished, under-etched, or 
Under-etched 

6.4.3.6 The test casting shall be rinsed in running water to remove the etching 
solution after the examination has been completed. 

"- .- - I_ 
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6.4.4 Photomicrouraph: 

6.4.4.1 A photomicrograph s h a l l  be made 
most c l e a r l y  de f ines  the  genera 

6.4.4.2 Areas o f  the  photomicrograph s e  
e i t h e r  d i r e c t l y  on the  o r i g i n a l  
photomicrograph. 

6.4.5 M i c r o s t r u c t u r e  Eva lua t ion :  

6.4.5.1 E i t h e r  o f  the  f o l l o w i n a  methods 

a t  1OOX m a g n i f i c a t i o n  i n  the  area which 
m ic ros t ruc tu re .  

ected fo r  DAS count s h a l l  be i d e n t i f i e d  
photomicrograph or on a copy o f  the 

fo r  eva lua t i on  i s  acceptable;  however, 
the  measurement o f  c l e a r l y  de f ined secondary dendr i t e  arm spacing (DAS) 
i s  p re fe r red .  When t h i s  i s  n o t  poss ib le ,  the  a l t e r n a t e  procedure o f  
measuring the  d is tance between s i l i c o n  p a r t i c l e s  l oca ted  i n  a random 
manner a long a s i n g l e  l i n e  s h a l l  be used. 

6.4.5.2 A l l  measurements used i n  the  eva lua t i on  o f  a c a s t i n g  fo r  a c c e p t a b i l i t y  
s h a l l  be made by the  same method. 

6.4.5.3 P re fe r red  Measurement Method: Extend a s t r a i g h t  l i n e  across an area o f  
we l l -de f ined s t r u c t u r e  such as i l l u s t r a t e d  i n  F igure  2.  The l i n e  i s  
drawn perpend icu la r  t o  the  growth d i r e c t i o n  of the  secondary arms. The 
average d is tance between i n t e r c e p t s  of s i l i c o n  p a r t i c l e s  a long the l i n e  
s h a l l  be used t o  de f i ne  the DAS o f  the  s t r u c t u r e .  
t o t a l  l e n g t h  o f  drawn l i n e  and count ing  the  number o f  i n t e r c e p t i o n s ,  the 
average DAS va lue can be determined i n  the  f o l l o w i n g  manner: 

By measuring the  

Length o f  I n t e r c e p t  L ine  I n c h  (mm) 
Number o f  I n t e r c e p t i o n s  X M a g n i f i c a t i o n  

DAS, i n c h  (mm) = 

6.4.5.3.1 A t  l e a s t  two areas o f  the  m ic ros t ruc tu re  s h a l l  be evaluated.  The 
average o f  the  two areas s h a l l  be considered t o  be the DAS o f  t h a t  
t e s t  s i t e .  

6.4.5.4 A l t e r n a t e  Measurement Method: This  a l t e r n a t e  procedure cons is t s  o f  
drawing a s t r a i g h t  l i n e  o f  known leng th  across the  m ic ros t ruc tu re  and 
count ing  the  number o f  t i m e s  the  l i n e  i s  i n te rcep ted  by s i l i c o n  
p a r t i c l e s  (See F ig .  3 ) .  The average d is tance between s i l i c o n  p a r t i c l e s  
i s  then used t o  q u a n t i f y  the  s t r u c t u r e .  P a r t i c l e  i n t e r c e p t  d is tance 
( P I D )  i s  determined by the f o l l o w i n g :  

Length o f  I n t e r c e p t  L ine  Inch  (mm) P I D ,  i nch  (mm) = 
Number o f  I n t e r c e p t s  X M a g n i f i c a t i o n  

6.4.5.5 A t  l e a s t  two l i n e s  w i t h  a minimum leng th  o f  3 inches (76 mm) s h a l l  be 
drawn which vary i n  t h e i r  o r i e n t a t i o n  t o  each o the r  as much as 
p r a c t i c a l .  The average P I D  of the two l i n e s  s h a l l  be repor ted .  

6.4.5.6 Caut ion should be used when us ing  t h i s  procedure for  measuring coarse 
d e n d r i t i c  s t r u c t u r e s .  These s t r u c t u r e s  may e x h i b i t  l a r g e  amounts o f  
i n t e r d e n d r i t i c  ma te r ia l  which reduce the accuracy o f  the measurement. 
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6.4.5.7 I n  other sect ions o f  t h i s  recommended p r a c t i c e ,  P I D  may be interchanged 
w i t h  DAS without changing i t s  t e c h n i c a l  i n t e n t ,  

7, TEST REPORTS: 

7.1 The t e s t  r e s u l t s  s h a l l  be i temized as average values from each t e s t  s i t e  on 
the  c a s t i n g  or i n t e g r a l l y - a t t a c h e d  coupon. 

7.1.1 A photograph or copy o f  t h e  photograph o f  t h e  m i c r o s t r u c t u r e  a t  each t e s t  
s i t e  s h a l l  be f u r n i s h e d  c l e a r l y  d e l i n e a t i n g  t h e  l i n e s  drawn for  
m i c r o s t r u c t u r e  measurements. 

7.1.2 The t e s t  l a b o r a t o r y  s h a l l  ma in ta in  on f i l e ,  for  n o t  l e s s  than 90 days, the  
r e p l i c a  p l a t e  or tape used i n  the  eva lua t ion .  
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9. NOTES: 

9.1 Maruinal  I n d i c i a :  The ph i  (0) symbol i s  used t o  i n d i c a t e  t e c h n i c a l  

9.2 

changes from the  prev ious issue o f  t h i s  s p e c i f i c a t i o n .  

This  recommended p r a c t i c e  i s  under the  j u r i s d i c t i o n  o f  AMS Committee "D". 
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