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COMPOSITE  MATERIAL  INCLUDING 

SILICON  CARBIDE  SHORT  FIBERS  AS  REINFORCING  MATERIAL 

AND  ALUMINUM  ALLOY  WITH  COPPER  AND  MAGNESIUM 

AS  MATRIX  METAL 

BACKGROUND  OF  THE  INVENTION 

The  p r e s e n t   i n v e n t i o n   r e l a t e s   t o   a  c o m p o s i t e  

m a t e r i a l   made  up  f r o m   r e i n f o r c i n g   f i b e r s   e m b e d d e d   in   a  

m a t r i x   of  m e t a l ,   and  more   p a r t i c u l a r l y   r e l a t e s   to   s u c h   a  

c o m p o s i t e   m a t e r i a l   u t i l i z i n g   s i l i c o n   c a r b i d e   s h o r t   f i b e r  

m a t e r i a l   as   t h e   r e i n f o r c i n g   f i b e r   m a t e r i a l   and   a l u m i n u m  

a l l o y   as   t h e   m a t r i x   m e t a l .  

The  p r e s e n t   p a t e n t   a p p l i c a t i o n   h a s   b e e n   a t   l e a s t  

p a r t l y   p r e p a r e d   u t i l i z i n g   m a t e r i a l s   d i s c l o s e d   in   J a p a n e s e  

P a t e n t   A p p l i c a t i o n   S e r i a l   N o . .   £P.~2-?P7P£ 

( 1 9 8 5 )   ,  l a i d   open   as  J a p a n e s e   P a t e n t   L a y i n g   O p e n  

P u b l i c a t i o n   S e r i a l   No 

( 1 9 8 6 )   ,  and   t h e   p r e s e n t   p a t e n t   a p p l i c a t i o n  

h e r e b y   i n c o r p o r a t e s   i n t o   i t s e l f   by  r e f e r e n c e  

t h e   d i s c l o s u r e   of  s a i d   J a p a n e s e   P a t e n t   A p p l i c a t i o n  
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and  of  t h e   c l a i m s   and  of  t h e   d r a w i n g s   t h e r e o f ;  

a  c o p y   of  s a i d   J a p a n e s e   P a t e n t   A p p l i c a t i o n   i s  

a p p e n d e d   t o   t h i s   a p p l i c a t i o n .  

5  In  t h e   p r i o r   a r t ,   t h e   f o l l o w i n g   a l u m i n u m   a l l o y s   h a v e  

b e e n   u t i l i z e d   as  m a t r i x   m e t a l   f o r   a  c o m p o s i t e   m a t e r i a l :  

C a s t   t y p e   a l u m i n u m   a l l o y s :  

10  J I S   s t a n d a r d   ACOA  ( 0 . 8   t o   1.3%  Cu,  1 1 . 0   t o   13.0%  S i ,   0 . 7  

t o   1.3%  Mg,  0 .8   t o   1.5%  Ni ,   r e m a i n d e r   s u b s t a n t i a l l y   A l )  

J I S   s t a n d a r d   AC8B  ( 2 . 0   t o   4.0%  Cu,  8 . 5   t o   10.5%  S i ,   0 . 5  

t o   1.5%  Mg,  0 .1   t o   1%  Ni ,   r e m a i n d e r   s u b s t a n t i a l l y   A l )  

1 5  

J I S   s t a n d a r d   AC4C  (Not  more   t h a n   0.25%  Cu,  6 . 5   to   7 . 5 %  

S i ,   0 . 2 5   t o   0.45%  Mg,  r e m a i n d e r   s u b s t a n t i a l l y   A l )  

AA  s t a n d a r d   A201  (4  t o   5%  Cu,  0 .2   to   0.4%  Mn,  0 . 1 5   t o  

20  0 .35%  Mg,  0 . 1 5   to   0.35%  T i ,   r e m a i n d e r   s u b s t a n t i a l l y   A l )  

AA  s t a n d a r d   A356  ( 6 . 5   t o   7.5%  S i ,   0 . 2 5   t o   0 .45%  Mg,  n o t  

more   t h a n   0 .2   Fe,   n o t   more   t h a n   0.2%  Cu,  r e m a i n d e r  

s u b s t a n t i a l l y   A l )  

2 5  

Al  -  2  t o   3%  Li  a l l o y   ( D u P o n t )  
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J I S   s t a n d a r d   6061  ( 0 . 4   t o   0.8%  S i ,   0 . 1 5   t o   0.4%  Cu,  0 . 8  

t o   1.2%  Mg,  0 . 0 4   t o   0 .35%  Cr,   r e m a i n d e r   s u b s t a n t i a l l y   A l )  

J I S   s t a n d a r d   5056  ( n o t   more   t h a n   0.3%  S i ,   n o t   more   t h a n  

0.4%  Fe ,   n o t   more   t h a n   0.1%  Cu,  0 . 0 5   to   0.2%  Mn,  4 . 5   t o  

5.6%  Mg,  0 . 0 5   t o   0.2%  Cr ,   n o t   more   t h a n   0.1%  Z n ,  

r e m a i n d e r   s u b s t a n t i a l l y   A l )  

J I S   s t a n d a r d   2024  (0 .5%  S i ,   0.5%  Fe,   3 . 8   t o   4.9%  Cu,  0 . 3  

t o   0.9%  Mn,  1 .2   t o   1.8%  Mg,  n o t   more   t h a n   0.1%  Cr ,   n o t  

more   t h a n   0 .25%  Zn,  n o t   more   t h a n   0.15%  T i ,   r e m a i n d e r  

s u b s t a n t i a l l y   A l )  

J I S   s t a n d a r d   7075  ( n o t   more   t h a n   0.4%  S i ,   n o t   more   t h a n  

0.5%  Fe ,   1 . 2   to   2.0%  Cu,  n o t   more   t h a n   0 . 3   Mn,  2 .1   t o  

2.9%  Mg,  0 . 1 8   t o   0 .28%  Cr ,   5 .1   t o   6.1%  Zn,  0.2%  T i ,  

r e m a i n d e r   s u b s t a n t i a l l y   A l )  

P r e v i o u s   r e s e a r c h   r e l a t i n g   to   c o m p o s i t e   m a t e r i a l s  

i n c o r p o r a t i n g   a l u m i n u m   a l l o y s   as   t h e i r   m a t r i x   m e t a l s   h a s  

g e n e r a l l y   b e e n   c a r r i e d   o u t   f r o m   t h e   p o i n t   of   v i e w   a n d  

w i t h   t h e   o b j e c t   of  i m p r o v i n g   t h e   s t r e n g t h   and  so  f o r t h   o f  

e x i s t i n g   a l u m i n u m   a l l o y s ,   and  t h e r e f o r e   t h e s e   a l u m i n u m  

a l l o y s   c o n v e n t i o n a l l y   u s e d   in   t h e   m a n u f a c t u r e   of   s u c h  
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p r i o r   a r t   c o m p o s i t e   m a t e r i a l s   h a v e   n o t   n e c e s s a r i l y   b e e n  

of   t h e   o p t i m u m   c o m p o s i t i o n   in   r e l a t i o n   to   t h e   t y p e   o f  

r e i n f o r c i n g   f i b e r s   u t i l i z e d   t h e r e w i t h   to   f o r m   a  c o m p o s i t e  

m a t e r i a l ,   a n d   t h e r e f o r e ,   in   t h e   c a s e   of   u s i n g   s u c h  

5  c o n v e n t i o n a l   a b o v e   m e n t i o n e d   a l u m i n u m   a l l o y s   as   t h e  

m a t r i x   m e t a l   f o r   a  c o m p o s i t e   m a t e r i a l ,   i t   h a s   n o t  

h e r e t o f o r e   b e e n   a t t a i n e d   t o   o p t i m i z e   t h e   m e c h a n i c a l  

c h a r a c t e r i s t i c s ,   and  p a r t i c u l a r l y   t h e   s t r e n g t h ,   of   t h e  

c o m p o s i t e   m a t e r i a l s   u s i n g   s u c h   a l u m i n u m   a l l o y s   as   m a t r i x  

10  m e t a l .  

SUMMARY  OF  THE  INVENTION 

The  i n v e n t o r s   of  t h e   p r e s e n t   a p p l i c a t i o n   h a v e  

15  c o n s i d e r e d   t h e   a b o v e   m e n t i o n e d   p r o b l e m s   in   c o m p o s i t e  

m a t e r i a l s   w h i c h   u s e   s u c h   c o n v e n t i o n a l   a l u m i n u m   a l l o y s   a s  

m a t r i x   m e t a l ,   and  in   p a r t i c u l a r   h a v e   c o n s i d e r e d   t h e  

p a r t i c u l a r   c a s e   of  a  c o m p o s i t e   m a t e r i a l   w h i c h   u t i l i z e s  

s i l i c o n   c a r b i d e   s h o r t   f i b e r s   as   r e i n f o r c i n g   f i b e r s ;  

20  s i n c e   s u c h   s i l i c o n   c a r b i d e   s h o r t   f i b e r s ,   of  t h e   v a r i o u s  

r e i n f o r c i n g   f i b e r s   u s e d   c o n v e n t i o n a l l y   in   t h e   m a n u f a c t u r e  

of  a  f i b e r   r e i n f o r c e d   m e t a l   c o m p o s i t e   m a t e r i a l ,   h a v e  

p a r t i c u l a r l y   h i g h   s t r e n g t h ,   and  a r e   e x c e e d i n g l y   e f f e c t i v e  

in  i m p r o v i n g   t h e   h i g h   t e m p e r a t u r e   s t a b i l i t y   and   s t r e n g t h .  

25  And  t h e   p r e s e n t   i n v e n t o r s ,   as  a  r e s u l t   of  v a r i o u s  

e x p e r i m e n t a l   r e s e a r c h   t o   d e t e r m i n e   w h a t   c o m p o s i t i o n   o f  
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t h e   a l u m i n u m   a l l o y   to   be  u s e d   as   t h e   m a t r i x   m e t a l   f o r  

s u c h   a  c o m p o s i t e   m a t e r i a l   i s   o p t i m u m ,   h a v e   d i s c o v e r e d  

t h a t   an  a l u m i n u m   a l l o y   h a v i n g   a  c o n t e n t   of  c o p p e r   a n d  

m a g n e s i u m   w i t h i n   c e r t a i n   l i m i t s ,   and  c o n t a i n i n g  

5  s u b s t a n t i a l l y   no  s i l i c o n ,   n i c X e l ,   z i n c ,   and  so  f o r t h   i s  

o p t i m a l   as   m a t r i x   m e t a l .   The  p r e s e n t   i n v e n t i o n   i s   b a s e d  

on  t h e   k n o w l e d g e   o b t a i n e d   f r o m   t h e   r e s u l t s   of   t h e   v a r i o u s  

e x p e r i m e n t a l   r e s e a r c h e s   c a r r i e d   o u t   by  t h e   i n v e n t o r s   o f  

t h e   p r e s e n t   a p p l i c a t i o n ,   as   w i l l   be  d e t a i l e d   l a t e r   i n  

10  t h i s   s p e c i f i c a t i o n .  

A c c o r d i n g l y ,   i t   as  t h e   p r i m a r y   o b j e c t   of   t h e   p r e s e n t  

i n v e n t i o n   t o   p r o v i d e   a  c o m p o s i t e   m a t e r i a l   u t i l i z i n g  

s i l i c o n   c a r b i d e   s h o r t   f i b e r s   as  r e i n f o r c i n g   m a t e r i a l   a n d  

15  a l u m i n u m   a l l o y   as   m a t r i x   m e t a l ,   w h i c h   e n j o y s   s u p e r i o r  

m e c h a n i c a l   c h a r a c t e r i s t i c s   s u c h   as  b e n d i n g   s t r e n g t h .  

I t   i s   a  f u r t h e r   o b j e c t   of  t h e   p r e s e n t   i n v e n t i o n   t o  

p r o v i d e   s u c h   a  c o m p o s i t e   m a t e r i a l   u t i l i z i n g   s i l i c o n  

20  c a r b i d e   s h o r t   f i b e r s   as   r e i n f o r c i n g   m a t e r i a l   and  a l u m i n u m  

a l l o y   as  m a t r i x   m e t a l ,   w h i c h   i s   c h e a p .  

I t   as  a  f u r t h e r   o b j e c t   of  t h e   p r e s e n t   i n v e n t i o n   t o  

p r o v i d e   s u c h   a  c o m p o s i t e   m a t e r i a l   u t i l i z i n g   s i l i c o n  

25  c a r b i d e   s h o r t   f i b e r s   as  r e i n f o r c i n g   m a t e r i a l   and  a l u m i n u m  

a l l o y   as  m a t r i x   m e t a l ,   w h i c h ,   f o r   s i m i l a r   v a l u e s   o f  
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m e c h a n i c a l   c h a r a c t e r i s t i c s   s u c h   as  b e n d i n g   s t r e n g t h ,   c a n  

i n c o r p o r a t e   a  l o w e r   v o l u m e   p r o p o r t i o n   of  r e i n f o r c i n g  

f i b e r   m a t e r i a l   t h a n   p r i o r   a r t   s u c h   c o m p o s i t e   m a t e r i a l s .  

5  I t   i s   a  f u r t h e r   o b j e c t   of   t h e   p r e s e n t   i n v e n t i o n   t o  

p r o v i d e   s u c h   a  c o m p o s i t e   m a t e r i a l   u t i l i z i n g   s i l i c o n  

c a r b i d e   s h o r t   f i b e r s   as   r e i n f o r c i n g   m a t e r i a l   and  a l u m i n u m  

a l l o y   as   m a t r i x   m e t a l ,   w h i c h   i s   i m p r o v e d   o v e r   p r i o r   a r t  

s u c h   c o m p o s i t e   m a t e r i a l s   as  r e g a r d s   m a c h i n a b i l i t y .  

1 0  

I t   i s   a  f u r t h e r   o b j e c t   of   t h e   p r e s e n t   i n v e n t i o n   t o  

p r o v i d e   s u c h   a  c o m p o s i t e   m a t e r i a l   u t i l i z i n g   s i l i c o n  

c a r b i d e   s h o r t   f i b e r s   as   r e i n f o r c i n g   m a t e r i a l   and  a l u m i n u m  

a l l o y   as  m a t r i x   m e t a l ,   w h i c h   i s   i m p r o v e d   o v e r   p r i o r   a r t  

15  s u c h   c o m p o s i t e   m a t e r i a l s   as  r e g a r d s   w o r k a b i l i t y .  

I t   i s   a  f u r t h e r   o b j e c t   of   t h e   p r e s e n t   i n v e n t i o n   t o  

p r o v i d e   s u c h   a  c o m p o s i t e   m a t e r i a l   u t i l i z i n g   s i l i c o n  

c a r b i d e   s h o r t   f i b e r s   as   r e i n f o r c i n g   m a t e r i a l   and  a l u m i n u m  

20  a l l o y   as  m a t r i x   m e t a l ,   w h i c h   h a s   good   c h a r a c t e r i s t i c s  

w i t h   r e g a r d   t o   a m o u n t   of  w e a r   on  a  m a t i n g   m e m b e r .  

I t   i s   a  y e t   f u r t h e r   o b j e c t   of  t h e   p r e s e n t   i n v e n t i o n  

t o   p r o v i d e   s u c h   a  c o m p o s i t e   m a t e r i a l   u t i l i z i n g   s i l i c o n  

25  c a r b i d e   s h o r t   f i b e r s   as   r e i n f o r c i n g   m a t e r i a l   and  a l u m i n u m  

a l l o y   as  m a t r i x   m e t a l ,   w h i c h   i s   n o t   b r i t t l e .  



0 2 0 / 3 1 4  

I t   i s   a  y e t   f u r t h e r   o b j e c t   of  t h e   p r e s e n t   i n v e n t i o n  

to   p r o v i d e   s u c h   a  c o m p o s i t e   m a t e r i a l   u t i l i z i n g   s i l i c o n  

c a r b i d e   s h o r t   f i b e r s   as   r e i n f o r c i n g   m a t e r i a l   and   a l u m i n u m  

a l l o y   as   m a t r i x   m e t a l ,   w h i c h   i s   d u r a b l e .  

5  

I t   i s   a  y e t   f u r t h e r   o b j e c t   of   t h e   p r e s e n t   i n v e n t i o n  

to   p r o v i d e   s u c h   a  c o m p o s i t e   m a t e r i a l   u t i l i z i n g   s i l i c o n  

c a r b i d e   s h o r t   f i b e r s   as   r e i n f o r c i n g   m a t e r i a l   and   a l u m i n u m  

a l l o y   as   m a t r i x   m e t a l ,   w h i c h   h a s   g o o d   w e a r   r e s i s t a n c e .  

L0 

I t   i s   a  y e t   f u r t h e r   o b j e c t   of   t h e   p r e s e n t   i n v e n t i o n  

to   p r o v i d e   s u c h   a  c o m p o s i t e   m a t e r i a l   u t i l i z i n g   s i l i c o n  

c a r b i d e   s h o r t   f i b e r s   as   r e i n f o r c i n g   m a t e r i a l   and   a l u m i n u m  

a l l o y   as  m a t r i x   m e t a l ,   w h i c h   h a s   g o o d   u n i f o r m i t y .  

L5 

A c c o r d i n g   t o   t h e   m o s t   g e n e r a l   a s p e c t   of   t h e   p r e s e n t  

i n v e n t i o n ,   t h e s e   and   o t h e r   o b j e c t s   a r e   a c c o m p l i s h e d   by  a  

c o m p o s i t e   m a t e r i a l ,   c o m p r i s i n g   s i l i c o n   c a r b i d e   s h o r t  

f i b e r s   e m b e d d e d   in   a  m a t r i x   of  m e t a l ,   t h e   f i b e r   v o l u m e  

!0  p r o p o r t i o n   of  s a i d   s i l i c o n   c a r b i d e   s h o r t   f i b e r s   b e i n g  

b e t w e e n   a p p r o x i m a t e l y   5%  and   a p p r o x i m a t e l y   50%,  and  s a i d  

m e t a l   b e i n g   an  a l l o y   c o n s i s t i n g   e s s e n t i a l l y   of   b e t w e e n  

a p p r o x i m a t e l y   2%  to   a p p r o x i m a t e l y   6%  of  c o p p e r ,   b e t w e e n  

a p p r o x i m a t e l y   2%  to   a p p r o x i m a t e l y   4%  of  m a g n e s i u m ,   a n d  

15  r e m a i n d e r   s u b s t a n t i a l l y   a l u m i n u m ;   and  more   p r e f e r a b l y  

t h e   f i b e r   v o l u m e   p r o p o r t i o n   of  s a i d   s i l i c o n   c a r b i d e   s h o r t  
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f i b e r s   may  be  b e t w e e n   a p p r o x i m a t e l y   5%  and  a p p r o x i m a t e l y  

40%;  more   p r e f e r a b l y   t h e   c o p p e r   c o n t e n t   of  s a i d   a l u m i n u m  

a l l o y   m a t r i x   m e t a l   may  be  b e t w e e n   a p p r o x i m a t e l y   2%  a n d  

a p p r o x i m a t e l y   5 .5%;   and   more   p r e f e r a b l y   t h e   m a g n e s i u m  

5  c o n t e n t   of   s a i d   a l u m i n u m   a l l o y   m a t r i x   m e t a l   may  b e  

b e t w e e n   a p p r o x i m a t e l y   2%  a n d   a p p r o x i m a t e l y   3 . 5 % .  

A c c o r d i n g   t o   t h e   p r e s e n t   i n v e n t i o n   as   d e s c r i b e d  

a b o v e ,   as   r e i n f o r c i n g   f i b e r s   t h e r e   a r e   u s e d   s i l i c o n  

10  c a r b i d e   s h o r t   f i b e r s   w h i c h   h a v e   h i g h   s t r e n g t h ,   and   a r e  

e x c e e d i n g l y   e f f e c t i v e   i n   i m p r o v i n g   t h e   h i g h   t e m p e r a t u r e  

s t a b i l i t y   a n d   s t r e n g t h   of   t h e   r e s u l t i n g   c o m p o s i t e  

m a t e r i a l ,   and   as   m a t r i x   m e t a l   t h e r e   i s   u s e d   an  a l u m i n u m  

a l l o y   w i t h   a  c o p p e r   c o n t e n t   of   2%  t o   6%,  a  m a g n e s i u m  

15  c o n t e n t   of   2%  t o   4%,  and   t h e   r e m a i n d e r   s u b s t a n t i a l l y  

a l u m i n u m ,   a n d   t h e   v o l u m e   p r o p o r t i o n   of  t h e   s i l i c o n  

c a r b i d e   s h o r t   f i b e r s   i s   f r o m   5%  t o   50%,  w h e r e b y ,   as   i s  

c l e a r   f r o m   t h e   r e s u l t s   of   e x p e r i m e n t a l   r e s e a r c h   c a r r i e d  

o u t   by  t h e   i n v e n t o r s   of   t h e   p r e s e n t   a p p l i c a t i o n   as   w i l l  

20  be  d e s c r i b e d   b e l o w ,   a  c o m p o s i t e   m a t e r i a l   w i t h   s u p e r i o r  

m e c h a n i c a l   c h a r a c t e r i s t i c s   s u c h   as   s t r e n g t h   c a n   b e  

o b t a i n e d .  

2 5  

A l s o   a c c o r d i n g   t o   t h e   p r e s e n t   i n v e n t i o n ,   in   c a s e s  

w h e r e   i t   i s   s a t i s f a c t o r y   i f   t h e   same  d e g r e e   of  s t r e n g t h  

as  a  c o n v e n t i o n a l   s i l i c o n   c a r b i d e   s h o r t   f i b e r   r e i n f o r c e d  
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a l u m i n u m   a l l o y   i s   o b t a i n e d ,   t h e   v o l u m e   p r o p o r t i o n   o f  

s i l i c o n   c a r b i d e   s h o r t   f i b e r s   in   a  c o m p o s i t e   m a t e r i a l  

a c c o r d i n g   t o   t h e   p r e s e n t   i n v e n t i o n   may  be  s e t   t o   be  l o w e r  

t h a n   t h e   v a l u e   r e q u i r e d   f o r   s u c h   a  c o n v e n t i o n a l   c o m p o s i t e  

5  m a t e r i a l ,   and   t h e r e f o r e ,   s i n c e   i t   i s   p o s s i b l e   t o   r e d u c e  

t h e   a m o u n t   of   s i l i c o n   c a r b i d e   s h o r t   f i b e r s   u s e d ,   t h e  

m a c h i n a b i l i t y   and   w o r k a b i l i t y   of   t h e   c o m p o s i t e   m a t e r i a l  

c a n   be  i m p r o v e d ,   and   i t   i s   a l s o   p o s s i b l e   t o   r e d u c e   t h e  

c o s t   of   t h e   c o m p o s i t e   m a t e r i a l .   F u r t h e r ,   t h e  

10  c h a r a c t e r i s t i c s   w i t h   r e g a r d   t o   w e a r   on  a  m a t i n g   m e m b e r  

w i l l   be  i m p r o v e d .  

As  w i l l   b e c o m e   c l e a r   f r o m   t h e   e x p e r i m e n t a l   r e s u l t s  

d e t a i l e d   h e r e i n a f t e r ,   when  c o p p e r   i s   a d d e d   t o   a l u m i n u m   t o  

15  make  t h e   m a t r i x   m e t a l   of   t h e   c o m p o s i t e   m a t e r i a l   a c c o r d i n g  

t o   t h e   p r e s e n t   i n v e n t i o n ,   t h e   s t r e n g t h   of   t h e   a l u m i n u m  

a l l o y   m a t r i x   m e t a l   i s   i n c r e a s e d   and   t h e r e b y   t h e   s t r e n g t h  

of   t h e   c o m p o s i t e   m a t e r i a l   i s   i m p r o v e d ,   b u t   t h a t   e f f e c t   i s  

n o t   s u f f i c i e n t   i f   t h e   c o p p e r   c o n t e n t   i s   l e s s   t h a n   2%, 

20  w h e r e a s   i f   t h e   c o p p e r   c o n t e n t   i s   more   t h a n   6%  t h e  

c o m p o s i t e   m a t e r i a l   b e c o m e s   v e r y   b r i t t l e ,   and   h a s   a  

t e n d e n c y   t o   r a p i d l y   d i s i n t e g r a t e .   T h e r e f o r e   t h e   c o p p e r  

c o n t e n t   of  t h e   a l u m i n u m   a l l o y   u s e d   as  m a t r i x   m e t a l   in   t h e  

c o m p o s i t e   m a t e r i a l   of   t h e   p r e s e n t   i n v e n t i o n   i s   r e q u i r e d  

25  t o   be  in   t h e   r a n g e   of  f r o m   a p p r o x i m a t e l y   2%  t o  
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a p p r o x i m a t e l y   6%,  and  p r e f e r a b l y   i s   r e q u i r e d   to   be  in   t h e  

r a n g e   of   f r o m   a p p r o x i m a t e l y   2*  t o   a p p r o x i m a t e l y   5 . 5 % .  

F u r t h e r m o r e ,   o x i d e s   a r e   n o r m a l l y   p r e s e n t   on  t h e  

5  s u r f a c e   of  s u c h   s i l i c o n   c a r b i d e   s h o r t   f i b e r s   u s e d   a s  

r e i n f o r c i n g   f i b e r s ,   b e f o r e   t h e y   a r e   i n c o r p o r a t e d   i n t o   t h e  

c o m p o s i t e   m a t e r i a l ,   and   i f   m a g n e s i u m ,   w h i c h   has   a  s t r o n g  

t e n d e n c y   t o   f o r m   o x i d e s ,   i s   i n c l u d e d   in   t h e   m o l t e n   m a t r i x  

m e t a l ,   t h e n   i t   i s   c o n s i d e r e d   by  t h e   p r e s e n t   i n v e n t o r s  

10  t h a t   t h e   m a g n e s i u m   w i l l   r e a c t   w i t h   t h e   o x i d e s   on  t h e  

s u r f a c e   of   t h e   s i l i c o n   c a r b i d e   s h o r t   f i b e r s   d u r i n g   t h e  

p r o c e s s   of  i n f i l t r a t i n g   t h e   m o l t e n   m a t r i x   m e t a l   i n t o   t h e  

i n t e r s t i c e s   of  t h e   r e i n f o r c i n g   s i l i c o n   c a r b i d e   s h o r t  

f i b e r   m a s s ,   and  t h i s   m a g n e s i u m   w i l l   r e d u c e   t h e   s u r f a c e   o f  

15  t h e   s i l i c o n   c a r b i d e   s h o r t   f i b e r s ,   as  a  r e s u l t   of  w h i c h  

t h e   a f f i n i t y   of   t h e   m o l t e n   a l u m i n u m   a l l o y   m a t r i x   m e t a l  

and   t h e   s i l i c o n   c a r b i d e   s h o r t   f i b e r s   w i l l   be  i m p r o v e d ,  

and   by  t h i s   means   t h e   s t r e n g t h   of   t h e   c o m p o s i t e   m a t e r i a l  

w i l l   be  i m p r o v e d .   I f ,   h o w e v e r ,   t h e   m a g n e s i u m   c o n t e n t   i s  

20  l e s s   t h a n   2%,  as   w i l l   b e c o m e   c l e a r   f rom  t h e   e x p e r i m e n t a l  

r e s e a r c h e s   g i v e n   h e r e i n a f t e r ,   t h i s   e f f e c t   i s   n o t  

s u f f i c i e n t ,   w h e r e a s   i f   t h e   m a g n e s i u m   c o n t e n t   i s   more   t h a n  

4%  i t   i s   c o n s i d e r e d   by  t h e   p r e s e n t   i n v e n t o r s   t h a t   a n  

e x c e s s i v e   o x i d a t i o n - r e d u c t i o n   r e a c t i o n   o c c u r s ,   and   as   a  

25  r e s u l t   t h e   s i l i c o n   c a r b i d e   s h o r t   f i b e r s   d e t e r i o r a t e ,   o r  

b r i t t l e   i n t e r f a c e   r e a c t i o n   p r o d u c t s   a r e   p r o d u c e d   on  t h e  
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s u r f a c e   of   t h e   s i l i c o n   c a r b i d e   s h o r t   f i b e r s ,   a n d  

t h e r e f o r e   t h e   s t r e n g t h   of   t h e   c o m p o s i t e   m a t e r i a l   i s   i n  

t h e   end   r e d u c e d .   T h e r e f o r e   t h e   m a g n e s i u m   c o n t e n t   of   t h e  

a l u m i n u m   a l l o y   u s e d   as   m a t r i x   m e t a l   in   t h e   c o m p o s i t e  

5  m a t e r i a l   of   t h e   p r e s e n t   i n v e n t i o n   i s   r e q u i r e d   t o   be  i n  

t h e   r a n g e   o f   f r o m   a p p r o x i m a t e l y   2%  t o   a p p r o x i m a t e l y   4%,  

and   p r e f e r a b l y   i s   r e q u i r e d   t o   be  in   t h e   r a n g e   o f   f r o m  

a p p r o x i m a t e l y   2%  to   a p p r o x i m a t e l y   3 . 5 % .  

0  F u r t h e r m o r e ,   in   a  c o m p o s i t e   m a t e r i a l   w i t h   a n  

a l u m i n u m   a l l o y   of   t h e   a b o v e   c o m p o s i t i o n   as   m a t r i x   m e t a l ,  

as   a l s o   w i l l   b e c o m e   c l e a r   f r o m   t h e   e x p e r i m e n t a l  

r e s e a r c h e s   g i v e n   h e r e i n a f t e r ,   i f   t h e   v o l u m e   p r o p o r t i o n   o f  

t h e   s i l i c o n   c a r b i d e   s h o r t   f i b e r s   i s   l e s s   t h a n   5%,  a  

5  s u f f i c i e n t   s t r e n g t h   c a n n o t   be  o b t a i n e d ,   and   i f   t h e   v o l u m e  

p r o p o r t i o n   of   s i l i c o n   c a r b i d e   s h o r t   f i b e r s   e x c e e d s   40% 

and  p a r t i c u l a r l y   i f   i t   e x c e e d s   50%  e v e n   i f   t h e   v o l u m e  

p r o p o r t i o n   of   t h e   s i l i c o n   c a r b i d e   s h o r t   f i b e r s   i s  

i n c r e a s e d ,   t h e   s t r e n g t h   of   t h e   c o m p o s i t e   m a t e r i a l   i s   n o t  

0  v e r y   s i g n i f i c a n t l y   i m p r o v e d .   A l s o ,   t h e   w e a r   r e s i s t a n c e  

of  t h e   c o m p o s i t e   m a t e r i a l   i n c r e a s e s   w i t h   t h e   v o l u m e  

p r o p o r t i o n   of   t h e   s i l i c o n   c a r b i d e   s h o r t   f i b e r s ,   b u t   w h e n  

t h e   v o l u m e   p r o p o r t i o n   of   t h e   s i l i c o n   c a r b i d e   s h o r t   f i b e r s  

i s   in   t h e   r a n g e   f r o m   z e r o   t o   a p p r o x i m a t e l y   5%  s a i d   w e a r  

5  r e s i s t a n c e   i n c r e a s e s   r a p i d l y   w i t h   an  i n c r e a s e   in   t h e  

v o l u m e   p r o p o r t i o n   of  t h e   s i l i c o n   c a r b i d e   s h o r t   f i b e r s ,  
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w h e r e a s   when  t h e   v o l u m e   p r o p o r t i o n   of   t h e   s i l i c o n   c a r b i d e  

s h o r t   f i b e r s   i s   i n   t h e   r a n g e   of   a t   l e a s t   a p p r o x i m a t e l y  

5%,  t h e   w e a r   r e s i s t a n c e   of  t h e   c o m p o s i t e   m a t e r i a l   d o e s  

n o t   v e r y   s i g n i f i c a n t l y   i n c r e a s e   w i t h   an  i n c r e a s e   in   t h e  

5  v o l u m e   p r o p o r t i o n   of   s a i d   s i l i c o n   c a r b i d e   s h o r t   f i b e r s .  

T h e r e f o r e ,   a c c o r d i n g   t o   one  c h a r a c t e r i s t i c   of  t h e   p r e s e n t  

i n v e n t i o n ,   t h e   v o l u m e   p r o p o r t i o n   of   t h e   s i l i c o n   c a r b i d e  

s h o r t   f i b e r s   i s   r e q u i r e d   to   be  i n   t h e   r a n g e   of   f r o m  

a p p r o x i m a t e l y   5%  to   a p p r o x i m a t e l y   50%,  and   p r e f e r a b l y   i s  

10  r e q u i r e d   t o   be  in   t h e   r a n g e   of   f r o m   a p p r o x i m a t e l y   5%  t o  

a p p r o x i m a t e l y   4 0 % .  

I f ,   f u r t h e r m o r e ,   t h e   c o p p e r   c o n t e n t   of   t h e   a l u m i n u m  

a l l o y   u s e d   as   m a t r i x   m e t a l   of   t h e   c o m p o s i t e   m a t e r i a l   o f  

15  t h e   p r e s e n t   i n v e n t i o n   h a s   a  r e l a t i v e l y   h i g h   v a l u e ,   i f  

t h e r e   a r e   u n e v e n n e s s e s   in   t h e   c o n c e n t r a t i o n   of   t h e   c o p p e r  

w i t h i n   t h e   a l u m i n u m   a l l o y ,   t h e   p o r t i o n s   w h e r e   t h e   c o p p e r  

c o n c e n t r a t i o n   i s   h i g h   w i l l   be  b r i t t l e ,   and   i t   w i l l   n o t  

t h e r e f o r e   be   p o s s i b l e   t o   o b t a i n   a  u n i f o r m   m a t r i x   m e t a l   o r  

20  a  c o m p o s i t e   m a t e r i a l   of   good   and   u n i f o r m   q u a l i t y .  

T h e r e f o r e ,   a c c o r d i n g   t o   a n o t h e r   d e t a i l e d   c h a r a c t e r i s t i c  

of   t h e   p r e s e n t   i n v e n t i o n ,   in   o r d e r   t h a t   t h e   c o n c e n t r a t i o n  

of   c o p p e r   w i t h i n   t h e   a l u m i n u m   a l l o y   m a t r i x   m e t a l   s h o u l d  

be  u n i f o r m ,   s u c h   a  c o m p o s i t e   m a t e r i a l   of   w h i c h   t h e   m a t r i x  

25  m e t a l   i s   a l u m i n u m   a l l o y   of  w h i c h   t h e   c o p p e r   c o n t e n t   i s   a t  

l e a s t   a p p r o x i m a t e l y   2%  and  i s   l e s s   t h a n   a p p r o x i m a t e l y  
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3.5%  i s   s u b j e c t e d   t o   l i q u i d i z i n g   p r o c e s s i n g   f o r   f r o m  

a b o u t   2  h o u r s   t o   a b o u t   8  h o u r s   a t   a  t e m p e r a t u r e   of   f r o m  

a b o u t   480  °c  t o   a b o u t   520  °c ,   and   i s   p r e f e r a b l y   f u r t h e r  

s u b j e c t e d   t o   a g i n g   p r o c e s s i n g   f o r   a b o u t   2  h o u r s   t o   a b o u t  

5  8  h o u r s   a t   a  t e m p e r a t u r e   o f   f r o m   a b o u t   1 5 0 ° C   t o   2 0 0 ° C ,  

w h i l e   on  t h e   o t h e r   h a n d   s u c h   a  c o m p o s i t e   m a t e r i a l   o f  

w h i c h   t h e   m a t r i x   m e t a l   i s   a l u m i n u m   a l l o y   o f   w h i c h   t h e  

c o p p e r   c o n t e n t   i s   a t   l e a s t   a p p r o x i m a t e l y   3.5%  and   i s   l e s s  

t h a n   a p p r o x i m a t e l y   6.5%  i s   s u b j e c t e d   t o   l i q u i d i z i n g  

10  p r o c e s s i n g   f o r   f r o m   a b o u t   2  h o u r s   t o   a b o u t   8  h o u r s   a t   a  

t e m p e r a t u r e   of  f r o m   a b o u t   460  °C  t o   a b o u t   510  °C,  and   i s  

p r e f e r a b l y   f u r t h e r   s u b j e c t e d   t o   a g i n g   p r o c e s s i n g   f o r  

a b o u t   2  h o u r s   t o   a b o u t   8  h o u r s   a t   a  t e m p e r a t u r e   of   f r o m  

a b o u t   150  °C  to   200  ° C .  

1 5  

F u r t h e r   t h e   s i l i c o n   c a r b i d e   s h o r t   f i b e r s   i n   t h e  

c o m p o s i t e   m a t e r i a l   of   t h e   p r e s e n t   i n v e n t i o n   may  be  e i t h e r  

s i l i c o n   c a r b i d e   w h i s k e r s   o r   s i l i c o n   c a r b i d e   n o n  

c o n t i n u o u s   f i b e r s ,   a n d   t h e   s i l i c o n   c a r b i d e   non  c o n t i n u o u s  

20  f i b e r s   may  be  s i l i c o n   c a r b i d e   c o n t i n u o u s   f i b e r s   c u t   t o   a  

p r e d e t e r m i n e d   l e n g t h .   A l s o ,   t h e   f i b e r   l e n g t h   of   t h e  

s i l i c o n   c a r b i d e   s h o r t   f i b e r s   i s   p r e f e r a b l y   f r o m  

a p p r o x i m a t e l y   10  m i c r o n s   t o   a p p r o x i m a t e l y   5  cm,  a n d  

p a r t i c u l a r l y   i s   f r o m   a p p r o x i m a t e l y   50  m i c r o n s   t o  

25  a p p r o x i m a t e l y   2  cm,  and   t h e   f i b e r   d i a m e t e r   i s   p r e f e r a b l y  

a p p r o x i m a t e l y   0 .1   m i c r o n   t o   a p p r o x i m a t e l y   25  m i c r o n s ,   a n d  
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p a r t i c u l a r l y   i s   f r o m   a p p r o x i m a t e l y   0 .1   m i c r o n   t o  

a p p r o x i m a t e l y   20  m i c r o n s .  

I t   s h o u l d   he  n o t e d   t h a t   in   t h i s   s p e c i f i c a t i o n   a l l  

5  p e r c e n t a g e s ,   e x c e p t   i n   t h e   e x p r e s s i o n   o f   v o l u m e  

p r o p o r t i o n   of   r e i n f o r c i n g   f i b e r   m a t e r i a l ,   a r e   p e r c e n t a g e s  

by  w e i g h t ,   and   i n   e x p r e s s i o n s   of   t h e   c o m p o s i t i o n   of   a n  

a l u m i n u m   a l l o y ,   " s u b s t a n t i a l l y   a l u m i n u m "   m e a n s   t h a t ,  

a p a r t   f r o m   a l u m i n u m ,   c o p p e r   and   m a g n e s i u m ,   t h e   t o t a l   o f  

10  t h e   i n e v i t a b l e   m e t a l l i c   e l e m e n t s   s u c h   as   s i l i c o n ,   i r o n ,  

z i n c ,   m a n g a n e s e ,   n i c k e l ,   t i t a n i u m ,   and   c h r o m i u m   i n c l u d e d  

i n   t h e   a l u m i n u m   a l l o y   u s e d   as   m a t r i x   m e t a l   i s   n o t   m o r e  

t h a n   1*,  and   e a c h   o f   s a i d   e l e m e n t s   i n d i v i d u a l l y   i s   n o t  

p r e s e n t   t o   more   t h a n   0 . 5 % .   I t   s h o u l d   f u r t h e r   be  n o t e d   • 

15  t h a t ,   in   t h i s   s p e c i f i c a t i o n ,   i n   d e s c r i p t i o n s   o f   r a n g e s   o f  

c o m p o s i t i o n s ,   t e m p e r a t u r e s   and   t h e   l i k e ,   t h e   e x p r e s s i o n s  

" a t   l e a s t " ,   " n o t   l e s s   t h a n " ,   " a t   m o s t " ,   "no  more   t h a n " ,  

a n d   " f r o m   . . .   t o   . . . "   a n d   so  on  a r e   i n t e n d e d   t o   i n c l u d e  

t h e   b o u n d a r y   v a l u e s   of   t h e   r e s p e c t i v e   r a n g e s .  

2 0  

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

The  p r e s e n t   i n v e n t i o n   w i l l   now  be  shown  a n d  

d e s c r i b e d   w i t h   r e g a r d   t o   c e r t a i n   of   t h e   p r e f e r r e d  

25  e m b o d i m e n t s   t h e r e o f ,   a n d   w i t h   r e f e r e n c e   to   t h e  

i l l u s t r a t i v e   d r a w i n g s ,   w h i c h   h o w e v e r   s h o u l d   n o t   b e  

c o n s i d e r e d   as  l i m i t a t i v e   of   t h e   p r e s e n t   i n v e n t i o n   in   a n y  
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way ,   s i n c e   t h e   s c o p e   of   t h e   p r e s e n t   i n v e n t i o n   i s   t o   b e  

c o n s i d e r e d   as   b e i n g   d e l i m i t e d   s o l e l y   by  t h e   a c c o m p a n y i n g  

c l a i m s ,   r a t h e r   t h a n   by  any   p a r t i c u l a r   f e a t u r e s   of   t h e  

d i s c l o s e d   e m b o d i m e n t s   o r   of   t h e   d r a w i n g s .   In  t h e s e  

>  d r a w i n g s   : 

F i g .   1  i s   a  p e r s p e c t i v e   v i e w   of  a  p r e f o r m   made  o f  

s i l i c o n   c a r b i d e   s h o r t   w h i s k e r   m a t e r i a l ,   w i t h   s a i d   s i l i c o n  

c a r b i d e   s h o r t   w h i s k e r s   b e i n g   a l i g n e d   s u b s t a n t i a l l y  

)  r a n d o m l y   in   t h r e e   d i m e n s i o n s ,   f o r   i n c o r p o r a t i o n   i n t o  

c o m p o s i t e   m a t e r i a l s   a c c o r d i n g   to   v a r i o u s   p r e f e r r e d  

e m b o d i m e n t s   of  t h e   p r e s e n t   i n v e n t i o n ;  

F i g .   2  i s   a  s c h e m a t i c   s e c t i o n a l   d i a g r a m   s h o w i n g   a  

>  h i g h   p r e s s u r e   c a s t i n g   d e v i c e   in   t h e   p r o c e s s   of   p e r f o r m i n g  

h i g h   p r e s s u r e   c a s t i n g   f o r   m a n u f a c t u r i n g   a  c o m p o s i t e  

m a t e r i a l   w i t h   t h e   F i g .   1  s i l i c o n   c a r b i d e   s h o r t   w h i s k e r  

m a t e r i a l   p r e f o r m   i n c o r p o r a t e d   in   a  m a t r i x   of   m a t r i x  

m e t a l ;  

) 

F i g .   3  i s   a  s e t   of  g r a p h s   in   w h i c h   c o p p e r   c o n t e n t   i n  

p e r c e n t   i s   shown  a l o n g   t h e   h o r i z o n t a l   a x i s   and   b e n d i n g  

s t r e n g t h   in   kg/mm2  i s   shown  a l o n g   t h e   v e r t i c a l   a x i s ,  

d e r i v e d   f r o m   d a t a   r e l a t i n g   to   b e n d i n g   s t r e n g t h   t e s t s   f o r  

>  t h e   f i r s t   s e t   of  p r e f e r r e d   e m b o d i m e n t s   of   t h e   m a t e r i a l   o f  

t h e   p r e s e n t   i n v e n t i o n ,   e a c h   s a i d   g r a p h   s h o w i n g   t h e  
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r e l a t i o n   b e t w e e n   c o p p e r   c o n t e n t   and   b e n d i n g   s t r e n g t h   o f  

c e r t a i n   c o m p o s i t e   m a t e r i a l   t e s t   p i e c e s   f o r   a  p a r t i c u l a r  

f i x e d   p e r c e n t a g e   c o n t e n t   of   m a g n e s i u m   in   t h e   m a t r i x   m e t a l  

of  t h e   c o m p o s i t e   m a t e r i a l ;  

5  

F i g .   4  i s   a  s e t   of  g r a p h s   in   w h i c h   m a g n e s i u m   c o n t e n t  

i n   p e r c e n t   i s   shown  a l o n g   t h e   h o r i z o n t a l   a x i s   and   b e n d i n g  

s t r e n g t h   in   Kg/mm*  i s   shown  a l o n g   t h e   v e r t i c a l   a x i s ,  

d e r i v e d   f r o m   d a t a   r e l a t i n g   t o   b e n d i n g   s t r e n g t h   t e s t s   f o r  

10  t h e   f i r s t   s e t   of  p r e f e r r e d   e m b o d i m e n t s   of  t h e   m a t e r i a l   o f  

t h e   p r e s e n t   i n v e n t i o n ,   e a c h   s a i d   g r a p h   s h o w i n g   t h e  

r e l a t i o n   b e t w e e n   m a g n e s i u m   c o n t e n t   and   b e n d i n g   s t r e n g t h  

of  c e r t a i n   c o m p o s i t e   m a t e r i a l   t e s t   p i e c e s   f o r   a  

p a r t i c u l a r   f i x e d   p e r c e n t a g e   c o n t e n t   of   c o p p e r   in   t h e  

15  m a t r i x   m e t a l   of  t h e   c o m p o s i t e   m a t e r i a l ;  

F i g .   5  i s   a  s e t   of   g r a p h s ,   s i m i l a r   t o   F i g .   3  f o r   t h e  

f i r s t   s e t   of   p r e f e r r e d   e m b o d i m e n t s ,   in   w h i c h   c o p p e r  

c o n t e n t   i n   p e r c e n t   i s   shown  a l o n g   t h e   h o r i z o n t a l   a x i s   a n d  

20  b e n d i n g   s t r e n g t h   in   kg/mm2  i s   shown  a l o n g   t h e   v e r t i c a l  

a x i s ,   d e r i v e d   f rom  d a t a   r e l a t i n g   t o   b e n d i n g   s t r e n g t h  

t e s t s   f o r   t h e   s e c o n d   s e t   of  p r e f e r r e d   e m b o d i m e n t s   of   t h e  

m a t e r i a l   of  t h e   p r e s e n t   i n v e n t i o n ,   e a c h   s a i d   g r a p h  

s h o w i n g   t h e   r e l a t i o n   b e t w e e n   c o p p e r   c o n t e n t   and   b e n d i n g  

25  s t r e n g t h   of  c e r t a i n   c o m p o s i t e   m a t e r i a l   t e s t   p i e c e s   f o r   a  
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p a r t i c u l a r   f i x e d   p e r c e n t a g e   c o n t e n t   of   m a g n e s i u m   in   t h e  

m a t r i x   m e t a l   of   t h e   c o m p o s i t e   m a t e r i a l ;  

F i g .   6  i s   a  s e t   of   g r a p h s ,   s i m i l a r   t o   F i g .   4  f o r   t h e  

f i r s t   s e t   of  p r e f e r r e d   e m b o d i m e n t s ,   in   w h i c h   m a g n e s i u m  

c o n t e n t   in   p e r c e n t   i s   shown   a l o n g   t h e   h o r i z o n t a l   a x i s   a n d  

b e n d i n g   s t r e n g t h   in   kg/mm2  i s   shown  a l o n g   t h e   v e r t i c a l  

a x i s ,   d e r i v e d   f r o m   d a t a   r e l a t i n g   t o   b e n d i n g   s t r e n g t h  

t e s t s   f o r   t h e   s e c o n d   s e t   of   p r e f e r r e d   e m b o d i m e n t s   of   t h e  

m a t e r i a l   of   t h e   p r e s e n t   i n v e n t i o n ,   e a c h   s a i d   g r a p h  

s h o w i n g   t h e   r e l a t i o n   b e t w e e n   m a g n e s i u m   c o n t e n t   a n d  

b e n d i n g   s t r e n g t h   of   c e r t a i n   c o m p o s i t e   m a t e r i a l   t e s t  

p i e c e s   f o r   a  p a r t i c u l a r   f i x e d   p e r c e n t a g e   c o n t e n t   o f  

c o p p e r   in   t h e   m a t r i x   m e t a l   of   t h e   c o m p o s i t e   m a t e r i a l ;  

F i g .   7  i s   a  s e t   of   g r a p h s ,   s i m i l a r   t o   F i g s .   3  and   5  

fo r   t h e   f i r s t   and   s e c o n d   s e t s   of   p r e f e r r e d   e m b o d i m e n t s  

r e s p e c t i v e l y ,   in   w h i c h   c o p p e r   c o n t e n t   in   p e r c e n t   i s   s h o w n  

H o n g   t h e   h o r i z o n t a l   a x i s   and   b e n d i n g   s t r e n g t h   in   k g / m m 2  

Ls  shown  a l o n g   t h e   v e r t i c a l   a x i s ,   d e r i v e d   f r o m   d a t a  

r e l a t i n g   to   b e n d i n g   s t r e n g t h   t e s t s   f o r   t h e   t h i r d   s e t   o f  

> r e f e r r e d   e m b o d i m e n t s   of  t h e   m a t e r i a l   of   t h e   p r e s e n t  

I n v e n t i o n ,   e a c h   s a i d   g r a p h   s h o w i n g   t h e   r e l a t i o n   b e t w e e n  

: o p p e r   c o n t e n t   and   b e n d i n g   s t r e n g t h   of   c e r t a i n   c o m p o s i t e  

M a t e r i a l   t e s t   p i e c e s   f o r   a  p a r t i c u l a r   f i x e d   p e r c e n t a g e  
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c o n t e n t   of   m a g n e s i u m   in   t h e   m a t r i x   m e t a l   of  t h e   c o m p o s i t e  

m a t e r i a l ;  

F i g .   8  i s   a  s e t   of   g r a p h s ,   s i m i l a r   to   F i g s .   4  and   6 

5  f o r   t h e   f i r s t   and   s e c o n d   s e t s   of   p r e f e r r e d   e m b o d i m e n t s  

r e s p e c t i v e l y ,   i n   w h i c h   m a g n e s i u m   c o n t e n t   in   p e r c e n t   i s  

shown  a l o n g   t h e   h o r i z o n t a l   a x i s   and   b e n d i n g   s t r e n g t h   i n  

kg/mm*  i s   shown   a l o n g   t h e   v e r t i c a l   a x i s ,   d e r i v e d   f r o m  

d a t a   r e l a t i n g   t o   b e n d i n g   s t r e n g t h   t e s t s   f o r   t h e   t h i r d   s e t  

10  of   p r e f e r r e d   e m b o d i m e n t s   of   t h e   m a t e r i a l   of  t h e   p r e s e n t  

i n v e n t i o n ,   e a c h   s a i d   g r a p h   s h o w i n g   t h e   r e l a t i o n   b e t w e e n  

m a g n e s i u m   c o n t e n t   and   b e n d i n g   s t r e n g t h   of  c e r t a i n  

c o m p o s i t e   m a t e r i a l   t e s t   p i e c e s   f o r   a  p a r t i c u l a r   f i x e d  

p e r c e n t a g e   c o n t e n t   of   c o p p e r   i n   t h e   m a t r i x   m e t a l   o f   t h e  

15  c o m p o s i t e   m a t e r i a l ;  

F i g .   9  i s   a  s e t   of   g r a p h s ,   s i m i l a r   to   F i g s .   3,  5 ,  

and   7  f o r   t h e   f i r s t   t h r o u g h   t h e   t h i r d   s e t s   of   p r e f e r r e d  

e m b o d i m e n t s   r e s p e c t i v e l y ,   in   w h i c h   c o p p e r   c o n t e n t   i n  

20  p e r c e n t   i s   shown  a l o n g   t h e   h o r i z o n t a l   a x i s   and  b e n d i n g  

s t r e n g t h   in   kg/mm2  i s   shown  a l o n g   t h e   v e r t i c a l   a x i s ,  

d e r i v e d   f r o m   d a t a   r e l a t i n g   t o   b e n d i n g   s t r e n g t h   t e s t s   f o r  

t h e   f o u r t h   s e t   of   p r e f e r r e d   e m b o d i m e n t s   of  t h e   m a t e r i a l  

of   t h e   p r e s e n t   i n v e n t i o n ,   e a c h   s a i d   g r a p h   s h o w i n g   t h e  

25  r e l a t i o n   b e t w e e n   c o p p e r   c o n t e n t   and   b e n d i n g   s t r e n g t h   o f  

c e r t a i n   c o m p o s i t e   m a t e r i a l   t e s t   p i e c e s   f o r   a  p a r t i c u l a r  
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f i x e d   p e r c e n t a g e   c o n t e n t   of   m a g n e s i u m   i n   t h e   m a t r i x   m e t a l  

o f   t h e   c o m p o s i t e   m a t e r i a l ;  

F i g .   10  i s   a  s e t   of   g r a p h s ,   s i m i l a r   t o   F i g s .   4,  6 ,  

5  a n d   8  f o r   t h e   f i r s t   t h r o u g h   t h e   t h i r d   s e t s   of   p r e f e r r e d  

e m b o d i m e n t s   r e s p e c t i v e l y ,   in   w h i c h   m a g n e s i u m   c o n t e n t   i n  

p e r c e n t   i s   shown  a l o n g   t h e   h o r i z o n t a l   a x i s   and   b e n d i n g  

s t r e n g t h   in   kg/mm2  i s   shown  a l o n g   t h e   v e r t i c a l   a x i s ,  

d e r i v e d   f r o m   d a t a   r e l a t i n g   t o   b e n d i n g   s t r e n g t h   t e s t s   f o r  

0  t h e   f o u r t h   s e t   of  p r e f e r r e d   e m b o d i m e n t s   of   t h e   m a t e r i a l  

of   t h e   p r e s e n t   i n v e n t i o n ,   e a c h   s a i d   g r a p h   s h o w i n g   t h e  

r e l a t i o n   b e t w e e n   m a g n e s i u m   c o n t e n t   and  b e n d i n g   s t r e n g t h  

of   c e r t a i n   c o m p o s i t e   m a t e r i a l   t e s t   p i e c e s   f o r   a  

p a r t i c u l a r   f i x e d   p e r c e n t a g e   c o n t e n t   of  c o p p e r   i n   t h e  

5  m a t r i x   m e t a l   of  t h e   c o m p o s i t e   m a t e r i a l ;  

F i g .   11  i s   a  s e t   of   g r a p h s ,   s i m i l a r   t o   F i g s .   3,  5,  7  

and   9  f o r   t h e   f i r s t   t h r o u g h   t h e   f o u r t h   s e t s   of   p r e f e r r e d  

e m b o d i m e n t s   r e s p e c t i v e l y ,   in   w h i c h   c o p p e r   c o n t e n t   i n  

0  p e r c e n t   i s   shown  a l o n g   t h e   h o r i z o n t a l   a x i s   and  b e n d i n g  

s t r e n g t h   in   kg/mm2  i s   shown  a l o n g   t h e   v e r t i c a l   a x i s ,  

d e r i v e d   f rom  d a t a   r e l a t i n g   t o   b e n d i n g   s t r e n g t h   t e s t s   f o r  

t h e   f i f t h   s e t   of  p r e f e r r e d   e m b o d i m e n t s   of   t h e   m a t e r i a l   o f  

t h e   p r e s e n t   i n v e n t i o n ,   e a c h   s a i d   g r a p h   s h o w i n g   t h e  

5  r e l a t i o n   b e t w e e n   c o p p e r   c o n t e n t   and  b e n d i n g   s t r e n g t h   o f  

c e r t a i n   c o m p o s i t e   m a t e r i a l   t e s t   p i e c e s   f o r   a  p a r t i c u l a r  
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f i x e d   p e r c e n t a g e   c o n t e n t   of   m a g n e s i u m   in   t h e   m a t r i x   m e t a l  

of  t h e   c o m p o s i t e   m a t e r i a l ;  

F i g .   12  i s   a  s e t   of   g r a p h s ,   s i m i l a r   t o   F i g s .   4,  6,  8 

5  and   10  f o r   t h e   f i r s t   t h r o u g h   t h e   f o u r t h   s e t s   of  p r e f e r r e d  

e m b o d i m e n t s   r e s p e c t i v e l y ,   in   w h i c h   m a g n e s i u m   c o n t e n t   i n  

p e r c e n t   i s   shown  a l o n g   t h e   h o r i z o n t a l   a x i s   and   b e n d i n g  

s t r e n g t h   i n   kg/mm2  i s   shown  a l o n g   t h e   v e r t i c a l   a x i s ,  

d e r i v e d   f r o m   d a t a   r e l a t i n g   to   b e n d i n g   s t r e n g t h   t e s t s   f o r  

10  t h e   f i f t h   s e t   of   p r e f e r r e d   e m b o d i m e n t s   of   t h e   m a t e r i a l   o f  

t h e   p r e s e n t   i n v e n t i o n ,   e a c h   s a i d   g r a p h   s h o w i n g   t h e  

r e l a t i o n   b e t w e e n   m a g n e s i u m   c o n t e n t   and   b e n d i n g   s t r e n g t h  

of   c e r t a i n   c o m p o s i t e   m a t e r i a l   t e s t   p i e c e s   f o r   a  

p a r t i c u l a r   f i x e d   p e r c e n t a g e   c o n t e n t   of  c o p p e r   in   t h e  

15  m a t r i x   m e t a l   of   t h e   c o m p o s i t e   m a t e r i a l ;  

F i g .   13  i s   a  s e t   of   g r a p h s ,   s i m i l a r   t o   F i g s .   3,  5 ,  

7,  9  and   11  f o r   t h e   f i r s t   t h r o u g h   t h e   f i f t h   s e t s   o f  

p r e f e r r e d   e m b o d i m e n t s   r e s p e c t i v e l y ,   in   w h i c h   c o p p e r  

20  c o n t e n t   i n   p e r c e n t   i s   shown  a l o n g   t h e   h o r i z o n t a l   a x i s   a n d  

b e n d i n g   s t r e n g t h   in   kg/mm2  i s   shown  a l o n g   t h e   v e r t i c a l  

a x i s ,   d e r i v e d   f r o m   d a t a   r e l a t i n g   t o   b e n d i n g   s t r e n g t h  

t e s t s   f o r   t h e   s i x t h   s e t   of  p r e f e r r e d   e m b o d i m e n t s   of   t h e  

m a t e r i a l   of   t h e   p r e s e n t   i n v e n t i o n ,   e a c h   s a i d   g r a p h  

25  s h o w i n g   t h e   r e l a t i o n   b e t w e e n   c o p p e r   c o n t e n t   and  b e n d i n g  

s t r e n g t h   of   c e r t a i n   c o m p o s i t e   m a t e r i a l   t e s t   p i e c e s   f o r   a  
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p a r t i c u l a r   f i x e d   p e r c e n t a g e   c o n t e n t   of   m a g n e s i u m   in   t h e  

m a t r i x   m e t a l   of  t h e   c o m p o s i t e   m a t e r i a l ;  

F a g .   14  as  a  s e t   of   g r a p h s ,   s i m i l a r   t o   F i g s .   4,  6 ,  

5  8,  10  and   12  f o r   t h e   f i r s t   t h r o u g h   t h e   f i f t h   s e t s   o f  

p r e f e r r e d   e m b o d i m e n t s   r e s p e c t i v e l y ,   in   w h i c h   m a g n e s i u m  

c o n t e n t   in   p e r c e n t   i s   s h o w n   a l o n g   t h e   h o r i z o n t a l   a x i s   a n d  

b e n d i n g   s t r e n g t h   in   kg/mm2  i s   shown  a l o n g   t h e   v e r t i c a l  

a x i s ,   d e r i v e d   f r o m   d a t a   r e l a t i n g   t o   b e n d i n g   s t r e n g t h  

L0  t e s t s   f o r   t h e   s i x t h   s e t   of   p r e f e r r e d   e m b o d i m e n t s   of   t h e  

m a t e r i a l   of  t h e   p r e s e n t   i n v e n t i o n ,   e a c h   s a i d   g r a p h  

s h o w i n g   t h e   r e l a t i o n   b e t w e e n   m a g n e s i u m   c o n t e n t   a n d  

b e n d i n g   s t r e n g t h   of   c e r t a i n   c o m p o s i t e   m a t e r i a l   t e s t  

p i e c e s   f o r   a  p a r t i c u l a r   f i x e d   p e r c e n t a g e   c o n t e n t   o f  

15  c o p p e r   i n   t h e   m a t r i x   m e t a l   of   t h e   c o m p o s i t e   m a t e r i a l ;  

a n d  

F i g .   15  i s   a  g r a p h   i n   w h i c h   t h e   v o l u m e   p r o p o r t i o n   o f  

t h e   r e i n f o r c i n g   s i l i c o n   c a r b i d e   s h o r t   f i b e r   m a t e r i a l   i n  

20  p e r c e n t   i s   shown  a l o n g   t h e   h o r i z o n t a l   a x i s   and  b e n d i n g  

s t r e n g t h   in   kg/mm2  i s   shown  a l o n g   t h e   v e r t i c a l   a x i s ,  

d e r i v e d   f r o m   d a t a   r e l a t i n g   t o   b e n d i n g   s t r e n g t h   t e s t s   f o r  

t h e   s e v e n t h   s e t   of  p r e f e r r e d   e m b o d i m e n t s   of   t h e   m a t e r i a l  

of   t h e   p r e s e n t   i n v e n t i o n ,   s a i d   g r a p h   s h o w i n g   t h e   r e l a t i o n  

25  b e t w e e n   v o l u m e   p r o p o r t i o n   of   t h e   r e i n f o r c i n g   s i l i c o n  
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c a r b i d e   s h o r t   f i b e r   m a t e r i a l   and   b e n d i n g   s t r e n g t h   o f  

c e r t a i n   t e s t   p i e c e s   of  t h e   c o m p o s i t e   m a t e r i a l .  

DESCRIPTION  OF  THE  PREFERRED  EMBODIMENTS 

5 

The  p r e s e n t   i n v e n t i o n   w i l l   now  be  d e s c r i b e d   w i t h  

r e f e r e n c e   t o   t h e   v a r i o u s   p r e f e r r e d   e m b o d i m e n t s   t h e r e o f .  

I t   s h o u l d   be  n o t e d   t h a t   a l l   t h e   t a b l e s   r e f e r r e d   t o   i n  

t h i s   s p e c i f i c a t i o n   a r e   t o   be  f o u n d   a t   t h e   end   of  t h e  

10  s p e c i f i c a t i o n   and   b e f o r e   t h e   c l a i m s   t h e r e o f   :  t h e   p r e s e n t  

s p e c i f i c a t i o n   i s   a r r a n g e d   in   s u c h   a  m a n n e r   in   o r d e r   t o  

m a x i m i z e   e a s e   of  p a g i n a t i o n .  

THE  FIRST  SET  OF  PREFERRED  EMBODIMENTS 

1 5  

In  o r d e r   t o   a s s e s s   w h a t   m i g h t   be  t h e   m o s t   s u i t a b l e  

c o m p o s i t i o n   f o r   an  a l u m i n u m   a l l o y   t o   be  u t i l i z e d   a s  

m a t r i x   m e t a l   f o r   a  c o n t e m p l a t e d   c o m p o s i t e   m a t e r i a l   of   t h e  

t y p e   d e s c r i b e d   in   t h e   p r e a m b l e   t o   t h i s   s p e c i f i c a t i o n ,   t h e  

20  r e i n f o r c i n g   m a t e r i a l   of  w h i c h   i s   t o   be  s i l i c o n   c a r b i d e  

s h o r t   f i b e r s ,   t h e   p r e s e n t   i n v e n t o r s   m a n u f a c t u r e d   by  u s i n g  

t h e   h i g h   p r e s s u r e   c a s t i n g   m e t h o d   s a m p l e s   of   v a r i o u s  

c o m p o s i t e   m a t e r i a l s ,   u t i l i z i n g   as   r e i n f o r c i n g   m a t e r i a l  

s i l i c o n   c a r b i d e   w h i s k e r   m a t e r i a l   of   t y p e   " T o k a m a x "   ( t h i s  

25  i s   a  t r a d e m a r k )   made  by  T o k a i   C a r b o n   K.K.   ,  w h i c h   h a d  

f i b e r   l e n g t h s   50  t o   200  m i c r o n s   and   f i b e r   d i a m e t e r s   0 . 2  
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t o   0 . 5   m i c r o n s ,   and  u t i l i z i n g   as   m a t r i x   m e t a l   A l - C u - M g  

t y p e   a l u m i n u m   a l l o y s   of  v a r i o u s   c o m p o s i t i o n s .   Then   t h e  

p r e s e n t   i n v e n t o r s   c o n d u c t e d   e v a l u a t i o n s   o f   t h e   b e n d i n g  

s t r e n g t h   of   t h e   v a r i o u s   r e s u l t i n g   c o m p o s i t e   m a t e r i a l  

>  s a m p l e   p i e c e s .  

F i r s t ,   a  s e t   of  a l u m i n u m   a l l o y s   d e s i g n a t e d   as   A l  

t h r o u g h   A44  w e r e   p r o d u c e d ,   h a v i n g   as   b a s e   m a t e r i a l  

a l u m i n u m   and   h a v i n g   v a r i o u s   q u a n t i t i e s   of   m a g n e s i u m   a n d  

)  c o p p e r   m i x e d   t h e r e w i t h ,   as   shown  in   t h e   a p p e n d e d   T a b l e   1 ;  

t h i s   was  d o n e   by,   in   e a c h   c a s e ,   i n t r o d u c i n g   a n  

a p p r o p r i a t e   q u a n t i t y   of  s u b s t a n t i a l l y   p u r e   a l u m i n u m   m e t a l  

( p u r i t y   a t   l e a s t   99%)  and   an  a p p r o p r i a t e   q u a n t i t y   o f  

s u b s t a n t i a l l y   p u r e   m a g n e s i u m   m e t a l   ( p u r i t y   a t   l e a s t   99%) 

>  i n t o   an  a l l o y   of   a p p r o x i m a t e l y   50%  a l u m i n u m   a n d  

a p p r o x i m a t e l y   50%  c o p p e r .   And  an  a p p r o p r i a t e   n u m b e r   o f  

s i l i c o n   c a r b i d e   w h i s k e r   m a t e r i a l   p r e f o r m s   w e r e   made  b y ,  

i n   e a c h   c a s e ,   s u b j e c t i n g   a  q u a n t i t y   of   t h e   a b o v e  

s p e c i f i e d   s i l i c o n   c a r b i d e   w h i s k e r   m a t e r i a l   t o   c o m p r e s s i o n  

>  f o r m i n g   w i t h o u t   u s i n g   any   b i n d e r .   E a c h   of   t h e s e   s i l i c o n  

c a r b i d e   w h i s k e r   m a t e r i a l   p r e f o r m s   w a s ,   as   s c h e m a t i c a l l y  

i l l u s t r a t e d   in   p e r s p e c t i v e   v i e w   in   F i g .   1  w h e r e i n   a n  

e x e m p l a r y   s u c h   p r e f o r m   i s   d e s i g n a t e d   by  t h e   r e f e r e n c e  

n u m e r a l   2  and   t h e   s i l i c o n   c a r b i d e   w h i s k e r s   t h e r e i n   a r e  

>  g e n e r a l l y   d e s i g n a t e d   as  1,  a b o u t   38  x  100  x  16  mm  i n  

d i m e n s i o n s ,   and   t h e   i n d i v i d u a l   s i l i c o n   c a r b i d e   w h i s k e r s   1 
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in   s a i d   p r e f o r m   2  w e r e   o r i e n t e d   s u b s t a n t i a l l y   r a n d o m l y   i n  

t h r e e   d i m e n s i o n s .   And  t h e   f i b e r   v o l u m e   p r o p o r t i o n   i n  

e a c h   of   s a i d   p r e f o r m s   2  was  a p p r o x i m a t e l y   30%.  

5  N e x t ,   e a c h   of  t h e s e   s i l i c o n   c a r b i d e   w h i s k e r   m a t e r i a l  

p r e f o r m s   2  was  s u b j e c t e d   to   h i g h   p r e s s u r e   c a s t i n g  

t o g e t h e r   w i t h   an  a p p r o p r i a t e   q u a n t i t y   of   one   of   t h e  

a l u m i n u m   a l l o y s   Al  t h r o u g h   A44  d e s c r i b e d   a b o v e ,   in   t h e  

f o l l o w i n g   m a n n e r .   F i r s t ,   t h e   p r e f o r m   2  was  h e a t e d   up  t o  

10  a  t e m p e r a t u r e   of  a p p r o x i m a t e l y   600  °C,  and   t h e n   s a i d  

p r e f o r m   2  was  p l a c e d   w i t h i n   a  mo ld   c a v i t y   4  of  a  c a s t i n g  

m o l d   3,  w h i c h   i t s e l f   had   p r e v i o u s l y   b e e n   p r e h e a t e d   up  t o  

a  t e m p e r a t u r e   of   a p p r o x i m a t e l y   250  °C.  N e x t ,   a  q u a n t i t y   5  

of   t h e   a p p r o p r i a t e   one   of   t h e   a l u m i n u m   a l l o y s   Al  t o   A44  

15  d e s c r i b e d   a b o v e ,   m o l t e n   and   a t   a  t e m p e r a t u r e   o f  

a p p r o x i m a t e l y   710  °C,  was  r e l a t i v e l y   r a p i d l y   p o u r e d   i n t o  

s a i d   m o l d   c a v i t y   4,  so  as   t o   s u r r o u n d   t h e   p r e f o r m   2 

t h e r e i n ,   and   t h e n   as   shown  in   s c h e m a t i c   p e r s p e c t i v e   v i e w  

in   F i g .   2  a  p r e s s u r e   p l u n g e r   6,  w h i c h   i t s e l f   h a d  

20  p r e v i o u s l y   b e e n   p r e h e a t e d   up  t o   a  t e m p e r a t u r e   o f  

a p p r o x i m a t e l y   200  °C,  w h i c h   c l o s e l y   c o o p e r a t e d   w i t h   t h e  

u p p e r   p o r t i o n   of   s a i d   mold   c a v i t y   4  was  i n s e r t e d   i n t o  

s a i d   u p p e r   mo ld   c a v i t y   p o r t i o n ,   and   was  p r e s s e d   d o w n w a r d s  

by  a  m e a n s   n o t   shown  i n   t h e   f i g u r e   so  as   t o   p r e s s u r i z e  

25  s a i d   t o   a  p r e s s u r e   of   a p p r o x i m a t e l y   1000  kg /cm2  . 

T h e r e b y ,   t h e   m o l t e n   a l u m i n u m   a l l o y   was  c a u s e d   t o  
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p e r c o l a t e   i n t o   t h e   i n t e r s t i c e s   of   t h e   s i l i c o n   c a r b i d e  

w h i s k e r   m a t e r i a l   p r e f o r m   2.  T h i s   p r e s s u r i z e d   s t a t e   w a s  

m a i n t a i n e d   u n t i l   t h e   q u a n t i t y   5  of  m o l t e n   a l u m i n u m   a l l o y  

h a d   c o m p l e t e l y   s o l i d i f i e d ,   and   t h e n   t h e   p r e s s u r e   p l u n g e r  

5  6  was  r e m o v e d   and   t h e   s o l i d i f i e d   a l u m i n u m   a l l o y   mass   w i t h  

t h e   p r e f o r m   2  i n c l u d e d   t h e r e i n   was  r e m o v e d   f r o m   t h e  

c a s t i n g   mold   3,  and   t h e   p e r i p h e r a l   p o r t i o n   of   s a i d  

s o l i d i f i e d   a l u m i n u m   a l l o y   mass   was  m a c h i n e d   a w a y ,   l e a v i n g  

o n l y   a  s a m p l e   p i e c e   of  c o m p o s i t e   m a t e r i a l   w h i c h   h a d  

0  s i l i c o n   c a r b i d e   f i b e r   w h i s k e r   m a t e r i a l   as   r e i n f o r c i n g  

m a t e r i a l   and  t h e   a p p r o p r i a t e   one   of  t h e   a l u m i n u m   a l l o y s  

Al  t h r o u g h   A44  as  m a t r i x   m e t a l .   The  v o l u m e   p r o p o r t i o n   o f  

s i l i c o n   c a r b i d e   f i b e r s   i n   e a c h   of   t h e   r e s u l t i n g   c o m p o s i t e  

m a t e r i a l   s a m p l e   p i e c e s   was  a p p r o x i m a t e l y   3 0 * .  

5 

N e x t ,   t h e   f o l l o w i n g   p o s t   p r o c e s s i n g   s t e p s   w e r e  

p e r f o r m e d   on  t h e   c o m p o s i t e   m a t e r i a l   s a m p l e s .  

I r r e s p e c t i v e   of   t h e   m a g n e s i u m   c o n t e n t   of   t h e   a l u m i n u m  

a l l o y   m a t r i x   m e t a l :   t h o s e   of   s a i d   c o m p o s i t e   m a t e r i a l  

3  s a m p l e s   w h o s e   m a t r i x   m e t a l   had   a  c o p p e r   c o n t e n t   of   l e s s  

t h a n   a p p r o x i m a t e l y   2%  w e r e   s u b j e c t e d   t o   l i q u i d i z i n g  

p r o c e s s i n g   a t   a  t e m p e r a t u r e   of  a p p r o x i m a t e l y   530  °C  f o r  

a p p r o x i m a t e l y   8  h o u r s ,   and  t h e n   w e r e   s u b j e c t e d   t o  

a r t i f i c i a l   a g i n g   p r o c e s s i n g   a t   a  t e m p e r a t u r e   o f  

b  a p p r o x i m a t e l y   160°C   f o r   a p p r o x i m a t e l y   8  h o u r s ;   t h o s e   o f  

s a i d   c o m p o s i t e   m a t e r i a l   s a m p l e s   w h o s e   m a t r i x   m e t a l   had   a  
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c o p p e r   c o n t e n t   of   a t   l e a s t   a p p r o x i m a t e l y   2%  and  n o t   m o r e  

t h a n   a p p r o x i m a t e l y   3  .  5%  w e r e   s u b j e c t e d   t o   l i q u i d i z i n g  

p r o c e s s i n g   a t   a  t e m p e r a t u r e   o f   a p p r o x i m a t e l y   500  °C  f o r  

a p p r o x i m a t e l y   8  h o u r s ,   and   t h e n   w e r e   s u b j e c t e d   t o  

5  a r t i f i c i a l   a g i n g   p r o c e s s i n g   a t   a  t e m p e r a t u r e   o f  

a p p r o x i m a t e l y   160  °C  f o r   a p p r o x i m a t e l y   8  h o u r s ;   a n d   t h o s e  

of  s a i d   c o m p o s i t e   m a t e r i a l   s a m p l e s   w h o s e   m a t r i x   m e t a l   h a d  

a  c o p p e r   c o n t e n t   of   a t   l e a s t   a p p r o x i m a t e l y   3.5%  and   n o t  

more   t h a n   a p p r o x i m a t e l y   6  .  5%  w e r e   s u b j e c t e d   t o  

10  l i q u i d i z i n g   p r o c e s s i n g   a t   a  t e m p e r a t u r e   of  a p p r o x i m a t e l y  

480  °C  f o r   a p p r o x i m a t e l y   8  h o u r s ,   and   t h e n   w e r e   s u b j e c t e d  

to   a r t i f i c i a l   a g i n g   p r o c e s s i n g   a t   a  t e m p e r a t u r e   o f  

a p p r o x i m a t e l y   160  °C  f o r   a p p r o x i m a t e l y   8  h o u r s .  

15  Prom  e a c h   o f   t h e   c o m p o s i t e   m a t e r i a l   s a m p l e   p i e c e s  

m a n u f a c t u r e d   as   d e s c r i b e d   a b o v e ,   t o   w h i c h   h e a t   t r e a t m e n t  

had   b e e n   a p p l i e d ,   t h e r e   was  c u t   a  b e n d i n g   s t r e n g t h   t e s t  

p i e c e   of   l e n g t h   a p p r o x i m a t e l y   50  mm,  w i d t h   a p p r o x i m a t e l y  

10  mm,  and   t h i c k n e s s   a p p r o x i m a t e l y   2  mm,  and   f o r   e a c h   o f  

20  t h e s e   c o m p o s i t e   m a t e r i a l   b e n d i n g   s t r e n g t h   t e s t   p i e c e s   a  

b e n d i n g   s t r e n g t h   t e s t   was  c a r r i e d   o u t ,   w i t h   a  gap   b e t w e e n  

s u p p o r t s   of   a p p r o x i m a t e l y   40  mm.  In  t h e s e   b e n d i n g  

s t r e n g t h   t e s t s ,   t h e   b e n d i n g   s t r e n g t h   of  t h e   c o m p o s i t e  

m a t e r i a l   b e n d i n g   s t r e n g t h   t e s t   p i e c e   was  m e a s u r e d   as   t h e  

25  s u r f a c e   s t r e s s   a t   b r e a k i n g   p o i n t   M/Z  (M  i s   t h e   b e n d i n g  

moment   a t   t h e   b r e a k i n g   p o i n t ,   w h i l e   Z  i s   t h e   c r o s s  
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s e c t i o n   c o e f f i c i e n t   of  t h e   c o m p o s i t e   m a t e r i a l   b e n d i n g  

s t r e n g t h   t e s t   p i e c e )   . 

The  r e s u l t s   of   t h e s e   b e n d i n g   s t r e n g t h   t e s t s   w e r e   a s  

5  shown  in   t h e   a p p e n d e d   T a b l e   2,  and  as   s u m m a r i z e d   i n   t h e  

g r a p h s   of  F i g .   3  and  F i g .   4.  The  n u m e r i c a l   v a l u e s   i n  

T a b l e   2  i n d i c a t e   t h e   b e n d i n g   s t r e n g t h s   ( i n   Xg/mm2)  o f  

t h e   c o m p o s i t e   m a t e r i a l   b e n d i n g   s t r e n g t h   t e s t   p i e c e s  

h a v i n g   as  m a t r i x   m e t a l s   a l u m i n u m   a l l o y s   h a v i n g   p e r c e n t a g e  

0  c o n t e n t s   of  c o p p e r   and   m a g n e s i u m   as  shown  a l o n g   t h e   u p p e r  

e d g e   and   down  t h e   l e f t   e d g e   of   t h e   t a b l e ,   r e s p e c t i v e l y .  

The  g r a p h s   of  F i g .   3  a r e   b a s e d   upon   t h e   d a t a   in   T a b l e   2 ,  

and   show  t h e   r e l a t i o n   b e t w e e n   c o p p e r   c o n t e n t   and   t h e  

b e n d i n g   s t r e n g t h   ( i n   Xg/mm2  )  of  c e r t a i n   of   t h e   c o m p o s i t e  

.5  m a t e r i a l   t e s t   p i e c e s ,   f o r   p e r c e n t a g e   c o n t e n t s   o f  

m a g n e s i u m   f i x e d   a l o n g   t h e   v a r i o u s   l i n e s   t h e r e o f ;   and   t h e  

g r a p h s   of  F i g .   4  a r e   a l s o   b a s e d   upon   t h e   d a t a   i n   T a b l e   2 ,  

a n d   s i m i l a r l y   b u t   c o n t r a r i w i s e   show  t h e   r e l a t i o n   b e t w e e n  

m a g n e s i u m   c o n t e n t   and   t h e   b e n d i n g   s t r e n g t h   ( i n   Xg/mm2  )  o f  

!0  c e r t a i n   of  t h e   c o m p o s i t e   m a t e r i a l   t e s t   p i e c e s ,   f o r  

p e r c e n t a g e   c o n t e n t s   of  c o p p e r   f i x e d   a l o n g   t h e   v a r i o u s  

l i n e s   t h e r e o f .   In  T a b l e   2,  F i g .   3,  and   F i g .   4,  t h e  

v a l u e s   f o r   m a g n e s i u m   c o n t e n t   and  f o r   c o p p e r   c o n t e n t   a r e  

shown  w i t h   t h e i r   s e c o n d   d e c i m a l   p l a c e s   r o u n d e d   b y  

15  r o u n d i n g   .04  d o w n w a r d s   t o   .0  and  .05  u p w a r d s   t o   . 1 .  
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From  T a b l e   2,  F i g .   3,  and   F i g .   4,  i t   w i l l   b e  

u n d e r s t o o d   t h a t ,   s u b s t a n t i a l l y   i r r e s p e c t i v e   of  t h e  

m a g n e s i u m   c o n t e n t   of   t h e   a l u m i n u m   a l l o y   m a t r i x   m e t a l   o f  

t h e   b e n d i n g   s t r e n g t h   c o m p o s i t e   m a t e r i a l   t e s t   p i e c e s :  

5  when  t h e   c o p p e r   c o n t e n t   was  e i t h e r   a t   t h e   low  e x t r e m e   o f  

a p p r o x i m a t e l y   1.5%  or   a t   t h e   h i g h   e x t r e m e   o f  

a p p r o x i m a t e l y   6.5%  t h e   b e n d i n g   s t r e n g t h   of   t h e   c o m p o s i t e  

m a t e r i a l   had   a  r e l a t i v e l y   low  v a l u e ;   when  t h e   c o p p e r  

c o n t e n t   was  in   t h e   r a n g e   of  a p p r o x i m a t e l y   3%  t o  

10  a p p r o x i m a t e l y   4%  t h e   b e n d i n g   s t r e n g t h   of   t h e   c o m p o s i t e  

m a t e r i a l   r e a c h e d   a  maximum  v a l u e ;   a n d ,   when  t h e   c o p p e r  

c o n t e n t   was  in   t h e   r a n g e   of   n o t   l e s s   t h a n   a p p r o x i m a t e l y  

4%  t h e   b e n d i n g   s t r e n g t h   of   t h e   c o m p o s i t e   m a t e r i a l   h a d   a  

t e n d e n c y   to   r e d u c e   a l o n g   w i t h   an  i n c r e a s e   in   t h e   c o p p e r  

15  c o n t e n t .   A l s o ,   i t   w i l l   be  u n d e r s t o o d   t h a t ,   s u b s t a n t i a l l y  

i r r e s p e c t i v e   of   t h e   c o p p e r   c o n t e n t   of   t h e   a l u m i n u m   a l l o y  

m a t r i x   m e t a l   of   t h e   b e n d i n g   s t r e n g t h   c o m p o s i t e   m a t e r i a l  

t e s t   p i e c e s :   when  t h e   m a g n e s i u m   c o n t e n t   was  e i t h e r   b e l o w  

a p p r o x i m a t e l y   2%  or   a b o v e   a p p r o x i m a t e l y   4%  t h e   b e n d i n g  

20  s t r e n g t h   of  t h e   c o m p o s i t e   m a t e r i a l   had   a  r e l a t i v e l y   l o w  

v a l u e ;   when  t h e   m a g n e s i u m   c o n t e n t   was  a p p r o x i m a t e l y   3% 

t h e   b e n d i n g   s t r e n g t h   of  t h e   c o m p o s i t e   m a t e r i a l   had   a  

s u b s t a n t i a l l y   maximum  v a l u e ;   when  t h e   m a g n e s i u m   c o n t e n t  

e i t h e r   i n c r e a s e d   or   d e c r e a s e d   f r o m   s a i d   o p t i m a l   b e n d i n g  

25  s t r e n g t h   v a l u e   of   a p p r o x i m a t e l y   3%  t h e   b e n d i n g   s t r e n g t h  

of  t h e   c o m p o s i t e   m a t e r i a l   d e c r e a s e d   g r a d u a l l y ;   a n d ,   w h e n  
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t h e   m a g n e s i u m   c o n t e n t   was  a p p r o x i m a t e l y   4 .5%,   t h e   b e n d i n g  

s t r e n g t h   of   t h e   c o m p o s i t e   m a t e r i a l   was  s u b s t a n t i a l l y   t h e  

same  as  when  t h e   m a g n e s i u m   c o n t e n t   was  a p p r o x i m a t e l y   1%. 

5  I t   w i l l   be  f u r t h e r   s e e n   f r o m   t h e   v a l u e s   in   T a b l e   2 

t h a t ,   f o r   s u c h   a  c o m p o s i t e   m a t e r i a l   h a v i n g   a  v o l u m e  

p r o p o r t i o n   of   a p p r o x i m a t e l y   30%  of   s i l i c o n   c a r b i d e  

w h i s k e r   m a t e r i a l   as   r e i n f o r c i n g   f i b e r   m a t e r i a l   and   u s i n g  

s u c h   an  a l u m i n u m   a l l o y   as  m a t r i x   m e t a l ,   t h e   b e n d i n g  

L0  s t r e n g t h   v a l u e s   a r e   g e n e r a l l y   v e r y   much  h i g h e r   t h a n   t h e  

t y p i c a l   b e n d i n g   s t r e n g t h   of   a p p r o x i m a t e l y   60  kg /mm2 

a t t a i n e d   i n   t h e   c o n v e n t i o n a l   a r t   f o r   a  c o m p o s i t e   m a t e r i a l  

u s i n g   as   m a t r i x   m e t a l   a  c o n v e n t i o n a l l y   so  u t i l i z e d  

a l u m i n u m   a l l o y   of  J I S   s t a n d a r d   AC4C  and  u s i n g   s i m i l a r  

.5  s i l i c o n   c a r b i d e   s h o r t   f i b e r   m a t e r i a l   as   r e i n f o r c i n g  

m a t e r i a l ;   and   in   p a r t i c u l a r   i t   w i l l   be  a p p r e c i a t e d   t h a t  

t h e   b e n d i n g   s t r e n g t h   of   s u c h   a  c o m p o s i t e   m a t e r i a l   w h o s e  

m a t r i x   m e t a l   a l u m i n u m   a l l o y   h a s   a  c o p p e r   c o n t e n t   of   f r o m  

a p p r o x i m a t e l y   2%  to   a p p r o x i m a t e l y   6%  and  a  m a g n e s i u m  

!0  c o n t e n t   of   f r o m   a p p r o x i m a t e l y   2%  to   a p p r o x i m a t e l y   4%  i s  

a p p r o x i m a t e l y   b e t w e e n   1 .4   and   1 . 6   t i m e s   as   g r e a t   as   t h a t  

of   s u c h   an  a b o v e m e n t i o n e d   c o n v e n t i o n a l   c o m p o s i t e  

m a t e r i a l   . 

5  From  t h e   r e s u l t s   of  t h e s e   b e n d i n g   s t r e n g t h   t e s t s   i t  

w i l l   be  s e e n   t h a t ,   in  o r d e r   t o   i n c r e a s e   t h e   s t r e n g t h   of  a  
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c o m p o s i t e   m a t e r i a l   h a v i n g   as  r e i n f o r c i n g   f i b e r   m a t e r i a l  

s i l i c o n   c a r b i d e   w h i s k e r s   in   a  v o l u m e   p r o p o r t i o n   o f  

a p p r o x i m a t e l y   30%  and   h a v i n g   as  m a t r i x   m e t a l   an  A l - C u - M g  

t y p e   a l u m i n u m   a l l o y ,   i t   i s   p r e f e r a b l e   t h a t   t h e   c o p p e r  

5  c o n t e n t   of  s a i d   A l - C u - M g   t y p e   a l u m i n u m   a l l o y   m a t r i x   m e t a l  

s h o u l d   be  in   t h e   r a n g e   of   f rom  a p p r o x i m a t e l y   2%  t o  

a p p r o x i m a t e l y   6%,  and   p a r t i c u l a r l y   s h o u l d   be  in   t h e   r a n g e  

of   f r o m   a p p r o x i m a t e l y   2%  to   a p p r o x i m a t e l y   5 .5%;   and  i t  

i s   p r e f e r a b l e   t h a t   t h e   m a g n e s i u m   c o n t e n t   of  s a i d   A l - C u - M g  

10  t y p e   a l u m i n u m   a l l o y   m a t r i x   m e t a l   s h o u l d   be  in   t h e   r a n g e  

o f   f r o m   a p p r o x i m a t e l y   2%  to   a p p r o x i m a t e l y   4%,  a n d  

p a r t i c u l a r l y   s h o u l d   be  i n   t h e   r a n g e   of   f r o m   a p p r o x i m a t e l y  

2%  t o   a p p r o x i m a t e l y   3 . 5 % .  

15  THE  SECOND  SET  OF  PREFERRED  EMBODIMENTS 

N e x t ,   t h e   p r e s e n t   i n v e n t o r s   m a n u f a c t u r e d   f u r t h e r  

s a m p l e s   of  v a r i o u s   c o m p o s i t e   m a t e r i a l s ,   a g a i n   u t i l i z i n g  

as   r e i n f o r c i n g   m a t e r i a l   t h e   same  s i l i c o n   c a r b i d e   w h i s k e r  

20  m a t e r i a l ,   and   u t i l i z i n g   as   m a t r i x   m e t a l   v a r i o u s   o t h e r  

A l - C u - M g   t y p e   a l u m i n u m   a l l o y s ,   b u t   t h i s   t i m e   e m p l o y i n g   a  

f i b e r   v o l u m e   p r o p o r t i o n   of  o n l y   a p p r o x i m a t e l y   10%.  T h e n  

t h e   p r e s e n t   i n v e n t o r s   a g a i n   c o n d u c t e d   e v a l u a t i o n s   of  t h e  

b e n d i n g   s t r e n g t h   of   t h e   v a r i o u s   r e s u l t i n g   c o m p o s i t e  

25  m a t e r i a l   s a m p l e   p i e c e s .  
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F i r s t ,   a  s e t   of   a l u m i n u m   a l l o y s   d e s i g n a t e d   as   B l  

t h r o u g h   B39  w e r e   p r o d u c e d   in   t h e   same  m a n n e r   as   b e f o r e ,  

a g a i n   h a v i n g   as   b a s e   m a t e r i a l   a l u m i n u m   a n d   h a v i n g   v a r i o u s  

q u a n t i t i e s   of   m a g n e s i u m   and   c o p p e r   m i x e d   t h e r e w i t h ,   a s  

shown   i n   t h e   a p p e n d e d   T a b l e   3.  And  an  a p p r o p r i a t e   n u m b e r  

of   s i l i c o n   c a r b i d e   w h i s k e r   m a t e r i a l   p r e f o r m s   w e r e   a s  

b e f o r e   made  by,   in   e a c h   c a s e ,   s u b j e c t i n g   a  q u a n t i t y   o f  

t h e   p r e v i o u s l y   u t i l i z e d   t y p e   of   s i l i c o n   c a r b i d e   w h i s k e r  

m a t e r i a l   t o   c o m p r e s s i o n   f o r m i n g   w i t h o u t   u s i n g   any   b i n d e r ,  

e a c h   of   s a i d   s i l i c o n   c a r b i d e   w h i s k e r   m a t e r i a l   p r e f o r m s   2 

now  h a v i n g   a  f i b e r   v o l u m e   p r o p o r t i o n   of  a p p r o x i m a t e l y  

10%,  by  c o n t r a s t   t o   t h e   f i r s t   s e t   of  p r e f e r r e d  

e m b o d i m e n t s   d e s c r i b e d   a b o v e .   T h e s e   p r e f o r m s   2  h a d  

s u b s t a n t i a l l y   t h e   same  d i m e n s i o n s   as   t h e   p r e f o r m s   2  o f  

t h e   f i r s t   s e t   o f   p r e f e r r e d   e m b o d i m e n t s .  

N e x t ,   s u b s t a n t i a l l y   as   b e f o r e ,   eac;h  o f   t h e s e   s i l i c o n  

c a r b i d e   w h i s k e r   m a t e r i a l   p r e f o r m s   2  was  s u b j e c t e d   t o   h i g h  

p r e s s u r e   c a s t i n g   t o g e t h e r   w i t h   an  a p p r o p r i a t e   q u a n t i t y   o f  

one  of   t h e   a l u m i n u m   a l l o y s   Bl  t h r o u g h   B39  d e s c r i b e d  

a b o v e ,   u t i l i z i n g   o p e r a t i o n a l   p a r a m e t e r s   s u b s t a n t i a l l y   a s  

b e f o r e .   The  s o l i d i f i e d   a l u m i n u m   a l l o y   m a s s   w i t h   t h e  

p r e f o r m   2  i n c l u d e d   t h e r e i n   was  t h e n   r e m o v e d   f r o m   t h e  

c a s t i n g   m o l d ,   and   t h e   p e r i p h e r a l   p o r t i o n   o f   s a i d  

s o l i d i f i e d   a l u m i n u m   a l l o y   mass   was  m a c h i n e d   a w a y ,   l e a v i n g  

o n l y   a  s a m p l e   p i e c e   of   c o m p o s i t e   m a t e r i a l   w h i c h   h a d  
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s i l i c o n   c a r b i d e   f i b e r   w h i s k e r   m a t e r i a l   as  r e i n f o r c i n g  

m a t e r i a l   and   t h e   a p p r o p r i a t e   one   of   t h e   a l u m i n u m   a l l o y s  

Bl  t h r o u g h   B39  as  m a t r i x   m e t a l .   The  v o l u m e   p r o p o r t i o n   o f  

s i l i c o n   c a r b i d e   f i b e r s   in   e a c h   of  t h e   r e s u l t i n g   c o m p o s i t e  

5  m a t e r i a l   s a m p l e   p i e c e s   was  t h u s   now  a p p r o x i m a t e l y   10%. 

And  p o s t   p r o c e s s i n g   s t e p s   w e r e   p e r f o r m e d   on  t h e   c o m p o s i t e  

m a t e r i a l   s a m p l e s ,   s u b s t a n t i a l l y   as  b e f o r e .   Prom  e a c h   o f  

t h e   c o m p o s i t e   m a t e r i a l   s a m p l e   p i e c e s   m a n u f a c t u r e d   a s  

d e s c r i b e d   a b o v e ,   t o   w h i c h   h e a t   t r e a t m e n t   had   b e e n  

10  a p p l i e d ,   t h e r e   was  c u t   a  b e n d i n g   s t r e n g t h   t e s t   p i e c e   o f  

d i m e n s i o n s   s u b s t a n t i a l l y   as   in   t h e   c a s e   of  t h e   f i r s t   s e t  

o f   p r e f e r r e d   e m b o d i m e n t s ,   a n d   f o r   e a c h   of   t h e s e   c o m p o s i t e  

m a t e r i a l   b e n d i n g   s t r e n g t h   t e s t   p i e c e s   a  b e n d i n g   s t r e n g t h  

t e s t   was  c a r r i e d   o u t ,   a g a i n   s u b s t a n t i a l l y   as  b e f o r e .  

1 5  

The  r e s u l t s   of  t h e s e   b e n d i n g   s t r e n g t h   t e s t s   w e r e   a s  

shown   i n   t h e   a p p e n d e d   T a b l e   4,  and   as   s u m m a r i z e d   in   t h e  

g r a p h s   of   F i g .   5  and  F i g .   6.  The  n u m e r i c a l   v a l u e s   i n  

T a b l e   4  i n d i c a t e   t h e   b e n d i n g   s t r e n g t h s   ( i n   kg  /mm2  )  o f  

20  t h e   c o m p o s i t e   m a t e r i a l   b e n d i n g   s t r e n g t h   t e s t   p i e c e s  

h a v i n g   as   m a t r i x   m e t a l s   a l u m i n u m   a l l o y s   h a v i n g   p e r c e n t a g e  

c o n t e n t s   of   c o p p e r   and  m a g n e s i u m   as  shown  a l o n g   t h e   u p p e r  

e d g e   and   down  t h e   l e f t   e d g e   of  t h e   t a b l e ,   r e s p e c t i v e l y .  

The   g r a p h s   of  F i g .   5  a r e   b a s e d   upon   t h e   d a t a   in   T a b l e   4 ,  

25  a n d   show  t h e   r e l a t i o n   b e t w e e n   c o p p e r   c o n t e n t   and   t h e  

b e n d i n g   s t r e n g t h   ( i n   kg/mm2  )  of  c e r t a i n   of  t h e   c o m p o s i t e  
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m a t e r i a l   t e s t   p i e c e s ,   f o r   p e r c e n t a g e   c o n t e n t s   o f  

m a g n e s i u m   f i x e d   a l o n g   t h e   v a r i o u s   l i n e s   t h e r e o f ;   and   t h e  

g r a p h s   of   F i g .   6  a r e   a l s o   b a s e d   upon   t h e   d a t a   in   T a b l e   4 ,  

and   s i m i l a r l y   b u t   c o n t r a r i w i s e   show  t h e   r e l a t i o n   b e t w e e n  

5  m a g n e s i u m   c o n t e n t   and  t h e   b e n d i n g   s t r e n g t h   ( in   Kg/mm*  )  o f  

c e r t a i n   of   t h e   c o m p o s i t e   m a t e r i a l   t e s t   p i e c e s ,   f o r  

p e r c e n t a g e   c o n t e n t s   of  c o p p e r   f i x e d   a l o n g   t h e   v a r i o u s  

l i n e s   t h e r e o f .   In  T a b l e   4,  F i g .   5,  and  F i g .   6,  a s  

b e f o r e ,   t h e   v a l u e s   f o r   m a g n e s i u m   c o n t e n t   and   f o r   c o p p e r  

10  c o n t e n t   a r e   shown  w i t h   t h e i r   s e c o n d   d e c i m a l   p l a c e s  

r o u n d e d   by  r o u n d i n g   .  04  d o w n w a r d s   t o   .  0  and   .  05  u p w a r d s  

t o   .  1  . 

From  T a b l e   4,  F i g .   5,  and   F i g .   6,  i t   w i l l   b e  

15  u n d e r s t o o d   t h a t ,   s u b s t a n t i a l l y   i r r e s p e c t i v e   of  t h e  

m a g n e s i u m   c o n t e n t   of   t h e   a l u m i n u m   a 3 1 o y   m a t r i x   m e t a l   o f  

t h e   b e n d i n g   s t r e n g t h   c o m p o s i t e   m a t e r i a l   t e s t   p i e c e s :  

when  t h e   c o p p e r   c o n t e n t   was  e i t h e r   a t   t h e   low  e x t r e m e   o f  

a p p r o x i m a t e l y   1.5%  or   a t   t h e   h i g h   e x t r e m e   o f  

20  a p p r o x i m a t e l y   6.5%  t h e   b e n d i n g   s t r e n g t h   of  t h e   c o m p o s i t e  

m a t e r i a l   had   a  r e l a t i v e l y   low  v a l u e ;   when  t h e   c o p p e r  

c o n t e n t   was  in   t h e   r a n g e   of   up  t o   and  i n c l u d i n g  

a p p r o x i m a t e l y   3%  t h e   b e n d i n g   s t r e n g t h   of   . t h e   c o m p o s i t e  

m a t e r i a l   i n c r e a s e d   a l o n g   w i t h   an  i n c r e a s e   in   t h e   c o p p e r  

25  c o n t e n t ;   when  t h e   c o p p e r   c o n t e n t   was  a p p r o x i m a t e l y   4% 

t h e   b e n d i n g   s t r e n g t h   r e a c h e d   a  s u b s t a n t i a l l y   m a x i m u m  
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v a l u e ;   a n d ,   when  t h e   c o p p e r   c o n t e n t   was  In  t h e   r a n g e   o f  

n o t   l e s s   t h a n   a p p r o x i m a t e l y   4%  t h e   b e n d i n g   s t r e n g t h   o f  

t h e   c o m p o s i t e   m a t e r i a l   had   a  t e n d e n c y   t o   r e d u c e   a l o n g  

w i t h   an  i n c r e a s e   in   t h e   c o p p e r   c o n t e n t .   A l s o ,   i t   w i l l   h e  

5  u n d e r s t o o d   t h a t ,   s u b s t a n t i a l l y   i r r e s p e c t i v e   of   t h e   c o p p e r  

c o n t e n t   of   t h e   a l u m i n u m   a l l o y   m a t r i x   m e t a l   of   t h e   b e n d i n g  

s t r e n g t h   c o m p o s i t e   m a t e r i a l   t e s t   p i e c e s :   when  t h e  

m a g n e s i u m   c o n t e n t   was  e i t h e r   b e l o w   a p p r o x i m a t e l y   2%  o r  

a b o v e   a p p r o x i m a t e l y   4%  t h e   b e n d i n g   s t r e n g t h   of   t h e  

10  c o m p o s i t e   m a t e r i a l   had   a  r e l a t i v e l y   low  v a l u e ;   when  t h e  

m a g n e s i u m   c o n t e n t   was  a p p r o x i m a t e l y   3%  t h e   b e n d i n g  

s t r e n g t h   of   t h e   c o m p o s i t e   m a t e r i a l   had   a  s u b s t a n t i a l l y  

maximum  v a l u e ;   when  t h e   m a g n e s i u m   c o n t e n t   e i t h e r  

i n c r e a s e d   o r   d e c r e a s e d   f r o m   a p p r o x i m a t e l y   3%,  t h e   b e n d i n g  

15  s t r e n g t h   of   t h e   c o m p o s i t e   m a t e r i a l   d e c r e a s e d   g r a d u a l l y ;  

a n d ,   when  t h e   m a g n e s i u m   c o n t e n t   was  a p p r o x i m a t e l y   4 . 5 % ,  

t h e   b e n d i n g   s t r e n g t h   of   t h e   c o m p o s i t e   m a t e r i a l   w a s  

s u b s t a n t i a l l y   t h e   same  as  when  t h e   m a g n e s i u m   c o n t e n t   w a s  

a p p r o x i m a t e l y   1%. 

2 0  

I t   w i l l   be  f u r t h e r   s e e n   f r o m   t h e   v a l u e s   in   T a b l e   4 

t h a t ,   f o r   s u c h   a  c o m p o s i t e   m a t e r i a l   h a v i n g   a  v o l u m e  

p r o p o r t i o n   of   a p p r o x i m a t e l y   10%  of  s i l i c o n   c a r b i d e  

w h i s k e r   m a t e r i a l   as  r e i n f o r c i n g   f i b e r   m a t e r i a l   and   u s i n g  

25  s u c h   an  a l u m i n u m   a l l o y   as  m a t r i x   m e t a l ,   t h e   b e n d i n g  

s t r e n g t h   v a l u e s   a r e   g e n e r a l l y   v e r y   much  h i g h e r   t h a n   t h e  
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t y p i c a l   b e n d i n g   s t r e n g t h   of   a p p r o x i m a t e l y   44  kg /mma  

a t t a i n e d   in   t h e   c o n v e n t i o n a l   a r t   f o r   a  c o m p o s i t e   m a t e r i a l  

u s i n g   as   m a t r i x   m e t a l   a  c o n v e n t i o n a l l y   so  u t i l i z e d  

a l u m i n u m   a l l o y   of   J I S   s t a n d a r d   AC4C  and   u s i n g   s i m i l a r  

5  s i l i c o n   c a r b i d e   s h o r t   f i b e r   m a t e r i a l   as   r e i n f o r c i n g  

m a t e r i a l ;   and   in   p a r t i c u l a r   i t   w i l l   be  a p p r e c i a t e d   t h a t  

t h e   b e n d i n g   s t r e n g t h   o f   s u c h   a  c o m p o s i t e   m a t e r i a l   w h o s e  

m a t r i x   m e t a l   a l u m i n u m   a l l o y   h a s   a  c o p p e r   c o n t e n t   of  f r o m  

a p p r o x i m a t e l y   2%  t o   a p p r o x i m a t e l y   6*  and   a  m a g n e s i u m  

10  c o n t e n t   of  f r o m   a p p r o x i m a t e l y   2%  to   a p p r o x i m a t e l y   Ah  i s  

a p p r o x i m a t e l y   b e t w e e n   1 .3   and   1 . 5   t i m e s   as   g r e a t   as  t h a t  

of   s u c h   an  a b o v e m e n t i o n e d   c o n v e n t i o n a l   c o m p o s i t e  

m a t e r i a l   . 

15  From  t h e   r e s u l t s   of   t h e s e   b e n d i n g   s t r e n g t h   t e s t s   i t  

w i l l   be  s e e n   t h a t ,   a l s o   in   t h i s   c a s e   when  t h e   v o l u m e  

p r o p o r t i o n   of  t h e   r e i n f o r c i n g   s i l i c o n   c a r b i d e   f i b e r s   i s  

a p p r o x i m a t e l y   lOh  as  i n   t h e   p r e v i o u s   c a s e   when  s a i d  

v o l u m e   p r o p o r t i o n   was  a p p r o x i m a t e l y   30%,  i n   o r d e r   t o  

20  i n c r e a s e   t h e   s t r e n g t h   of   s u c h   a  c o m p o s i t e   m a t e r i a l   h a v i n g  

s u c h   s i l i c o n   c a r b i d e   w h i s k e r   r e i n f o r c i n g   f i b e r   m a t e r i a l  

and   h a v i n g   as  m a t r i x   m e t a l   an  A l - C u - M g   t y p e   a l u m i n u m  

a l l o y ,   i t   i s   a g a i n   p r e f e r a b l e   t h a t   t h e   c o p p e r   c o n t e n t   o f  

s a i d   A l - C u - M g   t y p e   a l u m i n u m   a l l o y   m a t r i x   m e t a l   s h o u l d   b e  

25  i n   t h e   r a n g e   of  f r o m   a p p r o x i m a t e l y   2h  to   a p p r o x i m a t e l y  

6%,  and   p a r t i c u l a r l y   s h o u l d   be  in   t h e   r a n g e   of   f r o m  
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a p p r o x i m a t e l y   2%  t o   a p p r o x i m a t e l y   5 .5%;   and   i t   i s  

p r e f e r a b l e   t h a t   t h e   m a g n e s i u m   c o n t e n t   of  s a i d   A l - C u - M g  

t y p e   a l u m i n u m   a l l o y   m a t r i x   m e t a l   s h o u l d   be  in   t h e   r a n g e  

of   f r o m   a p p r o x i m a t e l y   2%  t o   a p p r o x i m a t e l y   4%,  a n d  

5  p a r t i c u l a r l y   s h o u l d   be  i n   t h e   r a n g e   of  f r o m   a p p r o x i m a t e l y  

2%  t o   a p p r o x i m a t e l y   3 . 5 % .  

10  N e x t ,   t h e   p r e s e n t   i n v e n t o r s   m a n u f a c t u r e d   f u r t h e r  

s a m p l e s   of   v a r i o u s   c o m p o s i t e   m a t e r i a l s ,   a g a i n   u t i l i z i n g  

as   r e i n f o r c i n g   m a t e r i a l   t h e   same  s i l i c o n   c a r b i d e   w h i s k e r  

m a t e r i a l ,   and   u t i l i z i n g   as  m a t r i x   m e t a l   v a r i o u s   A l - C u - M g  

t y p e   a l u m i n u m   a l l o y s ,   b u t   t h i s   t i m e   e m p l o y i n g   a  f i b e r  

15  v o l u m e   p r o p o r t i o n   of   o n l y   a p p r o x i m a t e l y   5%.  Then   t h e  

p r e s e n t   i n v e n t o r s   a g a i n   c o n d u c t e d   e v a l u a t i o n s   of   t h e  

b e n d i n g   s t r e n g t h   of   t h e   v a r i o u s   r e s u l t i n g   c o m p o s i t e  

m a t e r i a l   s a m p l e   p i e c e s .  

20  F i r s t ,   a  s e t   of   a l u m i n u m   a l l o y s   t h e   same  as  t h o s e  

d e s i g n a t e d   as  Bl  t h r o u g h   B39  in   t h e   c a s e   of   t h e   s e c o n d  

s e t   o f   p r e f e r r e d   e m b o d i m e n t s   w e r e   p r o d u c e d   i n   t h e   s a m e  

m a n n e r   as   b e f o r e ,   e x c e p t   t h a t   t h e   a l l o y s   B7,  B12,  B 1 8 ,  

B24,   B33,   and   B38  w e r e   n o t   p r o d u c e d ,   and  s a i d   a l l o y s   t h u s  

25  a g a i n   h a d   as   b a s e   m a t e r i a l   a l u m i n u m   and  had   v a r i o u s  

q u a n t i t i e s   of   m a g n e s i u m   and   c o p p e r   m i x e d   t h e r e w i t h .   No 
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p a r t i c u l a r   t a b l e   of  p r o p o r t i o n s   of   m a g n e s i u m   and  c o p p e r  

r e l a t i n g   t o   t h e s e   a l l o y s   of  t h i s   t h i r d   s e t   of   p r e f e r r e d  

e m b o d i m e n t s   l i k e   T a b l e s   1  and  3  f o r   t h e   a l l o y s   of  t h e  

f i r s t   and   s e c o n d   s e t s   of   p r e f e r r e d   e m b o d i m e n t s   i s  

5  a p p e n d e d ,   s i n c e   none   i s   r e q u i r e d .   And  an  a p p r o p r i a t e  

n u m b e r   of   s i l i c o n   c a r b i d e   w h i s k e r   m a t e r i a l   p r e f o r m s   w e r e  

made  as  b e f o r e   by,   in   e a c h   c a s e ,   s u b j e c t i n g   a  q u a n t i t y   o f .  

t h e   p r e v i o u s l y   u t i l i z e d   t y p e   of  s i l i c o n   c a r b i d e   w h i s k e r  

m a t e r i a l   t o   c o m p r e s s i o n   f o r m i n g   w i t h o u t   u s i n g   any   b i n d e r ,  

10  e a c h   of   s a i d   s i l i c o n   c a r b i d e   w h i s k e r   m a t e r i a l   p r e f o r m s   2 

now  h a v i n g   a  f i b e r   v o l u m e   p r o p o r t i o n   of   a p p r o x i m a t e l y   5 * ,  

by  c o n t r a s t   to   t h e   f i r s t   and  s e c o n d   s e t s   of   p r e f e r r e d  

e m b o d i m e n t s   d e s c r i b e d   a b o v e ;   t h e s e   p r e f o r m s   2  h a d  

s u b s t a n t i a l l y   t h e   same  d i m e n s i o n s   as   t h e   p r e f o r m s   2  o f  

15  t h e   f i r s t   and  s e c o n d   s e t s   of   p r e f e r r e d   e m b o d i m e n t s .  

N e x t ,   s u b s t a n t i a l l y   as  b e f o r e ,   e a c h   3f  t h e s e   s i l i c o n  

c a r b i d e   w h i s k e r   m a t e r i a l   p r e f o r m s   2  was  s u b j e c t e d   t o   h i g h  

p r e s s u r e   c a s t i n g   t o g e t h e r   w i t h   an  a p p r o p r i a t e   q u a n t i t y   o f  

one   of   t h e   a l u m i n u m   a l l o y s   d e s c r i b e d   a b o v e ,   u t i l i z i n g  

20  o p e r a t i o n a l   p a r a m e t e r s   s u b s t a n t i a l l y   as   b e f o r e ,   a n d ,  

a f t e r   m a c h i n i n g   away  t h e   p e r i p h e r a l   p o r t i o n s   of   t h e  

r e s u l t i n g   s o l i d i f i e d   a l u m i n u m   a l l o y   m a s s e s ,   s a m p l e   p i e c e s  

of   c o m p o s i t e   m a t e r i a l   w h i c h   had  s i l i c o n   c a r b i d e   f i b e r  

w h i s k e r   m a t e r i a l   as  r e i n f o r c i n g   m a t e r i a l   and   t h e  

25  a p p r o p r i a t e   one  of  t h e   a b o v e   d e s c r i b e d   a l u m i n u m   a l l o y s   a s  

m a t r i x   m e t a l   w e r e   o b t a i n e d .   And  t h e   v o l u m e   p r o p o r t i o n   o f  
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s i l i c o n   c a r b i d e   f i b e r s   in   e a c h   of   t h e   r e s u l t i n g   c o m p o s i t e  

m a t e r i a l   s a m p l e   p i e c e s   was  t h u s   now  a p p r o x i m a t e l y   5 * .  

P o s t   p r o c e s s i n g   s t e p s   w e r e   p e r f o r m e d   on  t h e   c o m p o s i t e  

m a t e r i a l   s a m p l e s ,   s u b s t a n t i a l l y   as   b e f o r e ,   and   f r o m   e a c h  

5  of   t h e   c o m p o s i t e   m a t e r i a l   s a m p l e   p i e c e s   m a n u f a c t u r e d   a s  

d e s c r i b e d   a b o v e ,   t o   w h i c h   h e a t   t r e a t m e n t   h a d   b e e n  

a p p l i e d ,   t h e r e   was  c u t   a  b e n d i n g   s t r e n g t h   t e s t   p i e c e   o f  

d i m e n s i o n s   s u b s t a n t i a l l y   as   i n   t h e   c a s e   of  t h e   f i r s t   a n d  

s e c o n d   s e t s   of  p r e f e r r e d   e m b o d i m e n t s ,   and   f o r   e a c h   o f  

10  t h e s e   c o m p o s i t e   m a t e r i a l   b e n d i n g   s t r e n g t h   t e s t   p i e c e s   a  

b e n d i n g   s t r e n g t h   t e s t   was  c a r r i e d   o u t ,   a g a i n  

s u b s t a n t i a l l y   as  b e f o r e .   The   r e s u l t s   of  t h e s e   b e n d i n g  

s t r e n g t h   t e s t s   w e r e   as   shown   i n   t h e   a p p e n d e d   T a b l e   5,  a n d  

as   s u m m a r i z e d   in   t h e   g r a p h s   of   F i g .   7  and   F i g .   8.  T h u s ,  

15  T a b l e   5,  F i g .   7,  and   F i g .   8  c o r r e s p o n d   r e s p e c t i v e l y   t o  

T a b l e   4,  F i g .   5,  and  F i g .   6  of   t h e   s e c o n d   s e t   o f  

p r e f e r r e d   e m b o d i m e n t s   d e s c r i b e d   a b o v e ,   and  a l s o  

r e s p e c t i v e l y   to   T a b l e   2,  F i g .   3,  and   F i g .   4  of   t h e   f i r s t  

s e t   of  p r e f e r r e d   e m b o d i m e n t s .   As  b e f o r e ,   t h e   n u m e r i c a l  

20  v a l u e s   in   T a b l e   5  i n d i c a t e   t h e   b e n d i n g   s t r e n g t h s   ( i n  

kg/mm2  )  of  t h e   c o m p o s i t e   m a t e r i a l   b e n d i n g   s t r e n g t h   t e s t  

p i e c e s   h a v i n g   as  m a t r i x   m e t a l s   a l u m i n u m   a l l o y s   h a v i n g  

p e r c e n t a g e   c o n t e n t s   of  c o p p e r   and  m a g n e s i u m   as  s h o w n  

a l o n g   t h e   u p p e r   e d g e   and   down  t h e   l e f t   e d g e   of   t h e   t a b l e ,  

25  r e s p e c t i v e l y .   The  g r a p h s   o f   F i g .   7  a r e   b a s e d   upon   t h e  

d a t a   in  T a b l e   5,  and  show  t h e   r e l a t i o n   b e t w e e n   c o p p e r  
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c o n t e n t   and  t h e   b e n d i n g   s t r e n g t h   ( i n   Xg/mm2  )  of  c e r t a i n  

of   t h e   c o m p o s i t e   m a t e r i a l   t e s t   p i e c e s ,   f o r   p e r c e n t a g e  

c o n t e n t s   of   m a g n e s i u m   f i x e d   a l o n g   t h e   v a r i o u s   l i n e s  

t h e r e o f ;   and   t h e   g r a p h s   of   F i g .   8  a r e   a l s o   b a s e d   u p o n  

t h e   d a t a   in   T a b l e   5,  and   s i m i l a r l y   b u t   c o n t r a r i w i s e   s h o w  

t h e   r e l a t i o n   b e t w e e n   m a g n e s i u m   c o n t e n t   and   t h e   b e n d i n g  

s t r e n g t h   ( i n   Xg/mm2)  of  c e r t a i n   of  t h e   c o m p o s i t e   m a t e r i a l  

t e s t   p i e c e s ,   f o r   p e r c e n t a g e   c o n t e n t s   of  c o p p e r   f i x e d  

a l o n g   t h e   v a r i o u s   l i n e s   t h e r e o f .   In  T a b l e   5,  F i g .   7,  a n d  

F i g .   8,  as   b e f o r e ,   t h e   v a l u e s   f o r   m a g n e s i u m   c o n t e n t   a n d  

f o r   c o p p e r   c o n t e n t   a r e   shown  w i t h   t h e i r   s e c o n d   d e c i m a l  

p l a c e s   r o u n d e d   by  r o u n d i n g   .04   d o w n w a r d s   t o   .0  and   . 0 5  

u p w a r d s   t o   .  1  . 

From  T a b l e   5,  F i g .   7,  and   F i g .   8,  i t   w i l l   b e  

u n d e r s t o o d   t h a t ,   s u b s t a n t i a l l y   i r r e s p e c t i v e   of  t h e  

m a g n e s i u m   c o n t e n t   of   t h e   a l u m i n u m   a l l o y   m a t r i x   m e t a l   o f  

t h e   b e n d i n g   s t r e n g t h   c o m p o s i t e   m a t e r i a l   t e s t   p i e c e s :  

when   t h e   c o p p e r   c o n t e n t   was  e i t h e r   a t   t h e   low  e x t r e m e   o f  

a p p r o x i m a t e l y   1.5%  or   a t   t h e   h i g h   e x t r e m e   o f  

a p p r o x i m a t e l y   6  .  5%  t h e   b e n d i n g   s t r e n g t h   of  t h e   c o m p o s i t e  

m a t e r i a l   had   a  r e l a t i v e l y   low  v a l u e ;   when  t h e   c o p p e r  

c o n t e n t   was  in   t h e   r a n g e   of  up  t o   and   i n c l u d i n g  

a p p r o x i m a t e l y   3%  t h e   b e n d i n g   s t r e n g t h   of   t h e   c o m p o s i t e  

m a t e r i a l   i n c r e a s e d   a l o n g   w i t h   an  i n c r e a s e   in   t h e   c o p p e r  

c o n t e n t ;   when  t h e   c o p p e r   c o n t e n t   was  a p p r o x i m a t e l y   4% 
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t h e   b e n d i n g   s t r e n g t h   r e a c h e d   a  s u b s t a n t i a l l y   m a x i m u m  

v a l u e ;   a n d ,   when  t h e   c o p p e r   c o n t e n t   was  in   t h e   r a n g e   o f  

n o t   l e s s   t h a n   a p p r o x i m a t e l y   4%  t h e   b e n d i n g   s t r e n g t h   o f  

t h e   c o m p o s i t e   m a t e r i a l   had   a  t e n d e n c y   to   r e d u c e   a l o n g  

5  w i t h   an  i n c r e a s e   i n   t h e   c o p p e r   c o n t e n t .   A l s o ,   i t   w i l l   b e  

u n d e r s t o o d   t h a t ,   s u b s t a n t i a l l y   i r r e s p e c t i v e   of  t h e   c o p p e r  

c o n t e n t   of   t h e   a l u m i n u m   a l l o y   m a t r i x   m e t a l   of   t h e   b e n d i n g  

s t r e n g t h   c o m p o s i t e   m a t e r i a l   t e s t   p i e c e s :   when  t h e  

m a g n e s i u m   c o n t e n t   was  e i t h e r   b e l o w   a p p r o x i m a t e l y   2%  o r  

10  a b o v e   a p p r o x i m a t e l y   4%  t h e   b e n d i n g   s t r e n g t h   of  t h e  

c o m p o s i t e   m a t e r i a l   had   a  r e l a t i v e l y   low  v a l u e ;   when  t h e  

m a g n e s i u m   c o n t e n t   was  a p p r o x i m a t e l y   3*  t h e   b e n d i n g  

s t r e n g t h   of   t h e   c o m p o s i t e   m a t e r i a l   had   a  s u b s t a n t i a l l y  

maximum  v a l u e ;   when  t h e   m a g n e s i u m   c o n t e n t   e i t h e r  

15  i n c r e a s e d   or   d e c r e a s e d   f r o m   a p p r o x i m a t e l y   3%,  t h e   b e n d i n g  

s t r e n g t h   of   t h e   c o m p o s i t e   m a t e r i a l   d e c r e a s e d   g r a d u a l l y ;  

a n d ,   when  t h e   m a g n e s i u m   c o n t e n t   was  a p p r o x i m a t e l y   4 . 5 % ,  

t h e   b e n d i n g   s t r e n g t h   of  t h e   c o m p o s i t e   m a t e r i a l   w a s  

s u b s t a n t i a l l y   t h e   same  as  when  t h e   m a g n e s i u m   c o n t e n t   w a s  

20  a p p r o x i m a t e l y   1%. 

I t   w i l l   be  f u r t h e r   s e e n   f r o m   t h e   v a l u e s   in   T a b l e   5  

t h a t ,   f o r   s u c h   a  c o m p o s i t e   m a t e r i a l   h a v i n g   a  v o l u m e  

p r o p o r t i o n   of  a p p r o x i m a t e l y   5%  of  s i l i c o n   c a r b i d e   w h i s k e r  

25  m a t e r i a l   as  r e i n f o r c i n g   f i b e r   m a t e r i a l   and  u s i n g   s u c h   a n  

a l u m i n u m   a l l o y   as   m a t r i x   m e t a l ,   t h e   b e n d i n g   s t r e n g t h  
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v a l u e s   a r e   g e n e r a l l y   v e r y   much  h i g h e r   t h a n   t h e   t y p i c a l  

b e n d i n g   s t r e n g t h   of   a p p r o x i m a t e l y   39  Xg/mm2  a t t a i n e d   i n  

t h e   c o n v e n t i o n a l   a r t   f o r   a  c o m p o s i t e   m a t e r i a l   u s i n g   a s  

m a t r i x   m e t a l   a  c o n v e n t i o n a l l y   so  u t i l i z e d   a l u m i n u m   a l l o y  

of  J I S   s t a n d a r d   AC4C  and   u s i n g   s i m i l a r   s i l i c o n   c a r b i d e  

s h o r t   f i b e r   m a t e r i a l   as  r e i n f o r c i n g   m a t e r i a l ;   and   i n  

p a r t i c u l a r   i t   w i l l   be  a p p r e c i a t e d   t h a t   t h e   b e n d i n g  

s t r e n g t h   of   s u c h   a  c o m p o s i t e   m a t e r i a l   w h o s e   m a t r i x   m e t a l  

a l u m i n u m   a l l o y   h a s   a  c o p p e r   c o n t e n t   of   f r o m   a p p r o x i m a t e l y  

2%  t o   a p p r o x i m a t e l y   6\  and   a  m a g n e s i u m   c o n t e n t   o f   f r o m  

a p p r o x i m a t e l y   2%  to   a p p r o x i m a t e l y   4*  i s   a p p r o x i m a t e l y  

b e t w e e n   l  .  4  and   l  .  6  t i m e s   as   g r e a t   as   t h a t   of   s u c h   a n  

a b o v e m e n t i o n e d   c o n v e n t i o n a l   c o m p o s i t e   m a t e r i a l .  

From  t h e   r e s u l t s   of   t h e s e   b e n d i n g   s t r e n g t h   t e s t s   i t  

w i l l   be  s e e n   t h a t ,   a l s o   in   t h i s   c a s e   v h e n   t h e   v o l u m e  

p r o p o r t i o n   of   t h e   r e i n f o r c i n g   s i l i c o n   c a r b i d e   f i b e r s   .  i s  

a p p r o x i m a t e l y   5%  as  in   t h e   p r e v i o u s   c a s e s   when  s a i d  

v o l u m e   p r o p o r t i o n   was  a p p r o x i m a t e l y   30*  or   20%,  i n   o r d e r  

to   i n c r e a s e   t h e   s t r e n g t h   of  s u c h   a  c o m p o s i t e   m a t e r i a l  

h a v i n g   s u c h   s i l i c o n   c a r b i d e   w h i s X e r   r e i n f o r c i n g   f i b e r  

m a t e r i a l   and   h a v i n g   as  m a t r i x   m e t a l   an  A l - C u - M g   t y p e  

a l u m i n u m   a l l o y ,   i t   i s   a g a i n   p r e f e r a b l e   t h a t   t h e   c o p p e r  

c o n t e n t   of  s a i d   A l - C u - M g   t y p e   a l u m i n u m   a l l o y   m a t r i x   m e t a l  

s h o u l d   be  in   t h e   r a n g e   of  f r o m   a p p r o x i m a t e l y   2*  t o  

a p p r o x i m a t e l y   6*,  and  p a r t i c u l a r l y   s h o u l d   be  i n   t h e   r a n g e  
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o f   f r o m   a p p r o x i m a t e l y   2%  to   a p p r o x i m a t e l y   5 .5%;   and   i t  

i s   p r e f e r a b l e   t h a t   t h e   m a g n e s i u m   c o n t e n t   of  s a i d   A l - C u - M g  

t y p e   a l u m i n u m   a l l o y   m a t r i x   m e t a l   s h o u l d   be  in   t h e   r a n g e  

of   f r o m   a p p r o x i m a t e l y   2%  to   a p p r o x i m a t e l y   4%,  a n d  

5  p a r t i c u l a r l y   s h o u l d   be  in   t h e   r a n g e   of   f r o m   a p p r o x i m a t e l y  

2%  to   a p p r o x i m a t e l y   3 . 5 % .  

THE_FOyRTH_SET_OF_PREFERRED 

L0  For   t h e   f o u r t h   s e t   of  p r e f e r r e d   e m b o d i m e n t s   of   t h e  

p r e s e n t   i n v e n t i o n ,   a  d i f f e r e n t   t y p e   o f   r e i n f o r c i n g   f i b e r  

was   c h o s e n .   The  p r e s e n t   i n v e n t o r s   m a n u f a c t u r e d   by  u s i n g  

t h e   h i g h   p r e s s u r e   c a s t i n g   m e t h o d   s a m p l e s   of   v a r i o u s  

c o m p o s i t e   m a t e r i a l s ,   u t i l i z i n g   as   r e i n f o r c i n g   m a t e r i a l  

15  s i l i c o n   c a r b i d e   w h i s k e r   m a t e r i a l   of   t y p e   " N i k a r o n "   ( t h i s  

i s   a  t r a d e m a r k )   made  by  N i h o n   C a r b o n   K . K . ,   w h i c h   was  a  

c o n t i n u o u s   f i b e r   m a t e r i a l   w i t h   f i b e r   d i a m e t e r s   10  t o   1 5  

m i c r o n s   and   was  c u t   a t   i n t e r v a l s   of   a p p r o x i m a t e l y   5  mm  t o  

p r o d u c e   a  s i l i c o n   c a r b i d e   s h o r t   f i b e r   m a t e r i a l ,   a n d  

20  u t i l i z i n g   as   m a t r i x   m e t a l   A l - C u - M g   t y p e   a l u m i n u m   a l l o y s  

of   v a r i o u s   c o m p o s i t i o n s .   Then   t h e   p r e s e n t   i n v e n t o r s  

c o n d u c t e d   e v a l u a t i o n s   of  t h e   b e n d i n g   s t r e n g t h   of  t h e  

v a r i o u s   r e s u l t i n g   c o m p o s i t e   m a t e r i a l   s a m p l e   p i e c e s .  

25  In  d e t a i l ,   f i r s t ,   a  s e t   of   a l u m i n u m   a l l o y s  

d e s i g n a t e d   as   Bl  t h r o u g h   B39  w e r e   p r o d u c e d   in   t h e   s a m e  
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m a n n e r   as   an  t n e   s e c o n d   s e t   of   p r e f e r r e d   e m b o d i m e n t s  

d e s c r i b e d   a b o v e ,   and   t h u s   t h e   p r e v i o u s l y   d e s c r i b e d  

T a b l e   3  i s   a p p l i c a b l e   t o   t h i s   f o u r t h   s e t   of   p r e f e r r e d  

e m b o d i m e n t s   a l s o .   And  an  a p p r o p r i a t e   n u m b e r   of   s i l i c o n  

5  c a r b i d e   w h i s X e r   m a t e r i a l   p r e f o r m s   w e r e   now  made  by ,   i n  

e a c h   c a s e ,   f i r s t   a d d i n g   p o l y v i n y l   a l c o h o l   t o   f u n c t i o n   a s  

an  o r g a n i c   b i n d e r   t o   a  q u a n t i t y   o f   t h e   a b o v e   d e s c r i b e d  

t y p e   of   s i l i c o n   c a r b i d e   w h i s X e r   m a t e r i a l ,   t h e n   a p p l y i n g  

c o m p r e s s i o n   f o r m i n g   t o   t h e   r e s u l t i n g   f i b e r   m a s s ,   and   t h e n  

.0  d r y i n g   t h e   c o m p r e s s e d   f o r m   i n   t h e   a t m o s p h e r e   a t   a  

t e m p e r a t u r e   of   a p p r o x i m a t e l y   600  °c  f o r   a p p r o x i m a t e l y  

1  h o u r   so  as  t o   e v a p o r a t e   t h e   p o l y v i n y l   a l c o h o l   o r g a n i c  

b i n d e r .   Each   of   t h e   r e s u l t i n g   s i l i c o n   c a r b i d e   w h i s X e r  

m a t e r i a l   p r e f o r m s   2  now  h a d   a  s i l i c o n   c a r b i d e   s h o r t   f i b e r  

5  v o l u m e   p r o p o r t i o n   of   a p p r o x i m a t e l y   15%,  by  c o n t r a s t   t o  

t h e   f i r s t   t h r o u g h   t h e   t h i r d   s e t s   of   p r e f e r r e d   e m b o d i m e n t s  

d e s c r i b e d   a b o v e .   T h e s e   p r e f o r m s   2  had   s u b s t a n t i a l l y   t h e  

same  d i m e n s i o n s   of   a b o u t   38  x  100  x  16  mm  as  t h e   p r e f o r m s  

2  of  t h e   f i r s t   t h r o u g h   t h e   t h i r d   s e t s   of  p r e f e r r e d  

:0  e m b o d i m e n t s   d e s c r i b e d   a b o v e ,   and   i n   t h i s   c a s e   t h e   s i l i c o n  

c a r b i d e   s h o r t   f i b e r s   i n c o r p o r a t e d   t h e r e i n   w e r e   o r i e n t e d  

s u b s t a n t i a l l y   r a n d o m l y   i n   p l a n e s   p a r a l l e l   to   t h e i r  

38  mm  x  100  mm  f a c e s ,   and   had   r a n d o m l y   o v e r l a p p i n g  

o r i e n t a t i o n   in   t h e   t h i c X n e s s   d i r e c t i o n   o r t h o g o n a l   t o  

5  t h e s e   p l a n e s .  
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N e x t ,   s u b s t a n t i a l l y   as   b e f o r e ,   e a c h   of   t h e s e   s i l i c o n  

c a r b i d e   w h i s k e r   m a t e r i a l   p r e f o r m s   was  s u b j e c t e d   t o   h i g h  

p r e s s u r e   c a s t i n g   t o g e t h e r   w i t h   an  a p p r o p r i a t e   q u a n t i t y   o f  

one   of   t h e   a l u m i n u m   a l l o y s   Bl  t h r o u g h   B39  d e s c r i b e d  

5  a b o v e ,   u t i l i z i n g   o p e r a t i o n a l   p a r a m e t e r s   s u b s t a n t i a l l y   a s  

b e f o r e .   The  s o l i d i f i e d   a l u m i n u m   a l l o y   mass   w i t h   t h e  

p r e f o r m   i n c l u d e d   t h e r e i n   was  t h e n   r e m o v e d   f r o m   t h e  

c a s t i n g   m o l d ,   and  t h e   p e r i p h e r a l   p o r t i o n   of   s a i d  

s o l i d i f i e d   a l u m i n u m   a l l o y   mass   was  m a c h i n e d   away ,   l e a v i n g  

LO  o n l y   a  s a m p l e   p i e c e   of   c o m p o s i t e   m a t e r i a l   w h i c h   h a d  

s i l i c o n   c a r b i d e   f i b e r   w h i s k e r   m a t e r i a l   as   r e i n f o r c i n g  

m a t e r i a l   and   t h e   a p p r o p r i a t e   one   of  t h e   a l u m i n u m   a l l o y s  

Bl  t h r o u g h   B39  as  m a t r i x   m e t a l .   The  v o l u m e   p r o p o r t i o n   o f  

s i l i c o n   c a r b i d e   f i b e r s   i n   e a c h   o f   t h e   r e s u l t i n g   c o m p o s i t e  

15  m a t e r i a l   s a m p l e   p i e c e s   was  t h u s   now  a p p r o x i m a t e l y   15%.  

And  p o s t   p r o c e s s i n g   s t e p s   of   l i q u i d i z i n g   p r o c e s s i n g   a n d  

a r t i f i c i a l   a g i n g   p r o c e s s i n g   w e r e   p e r f o r m e d   on  t h e  

c o m p o s i t e   m a t e r i a l   s a m p l e s ,   s u b s t a n t i a l l y   as   b e f o r e .  

From  e a c h   of   t h e   c o m p o s i t e   m a t e r i a l   s a m p l e   p i e c e s  

20  m a n u f a c t u r e d   as  d e s c r i b e d   a b o v e ,   t o   w h i c h   h e a t   t r e a t m e n t  

had   b e e n   a p p l i e d ,   t h e r e   was  c u t   a  b e n d i n g   s t r e n g t h   t e s t  

p i e c e   of  l e n g t h   a p p r o x i m a t e l y   50  mm,  w i d t h   a p p r o x i m a t e l y  

10  mm,  and   t h i c k n e s s   a p p r o x i m a t e l y   2  mm,  s u b s t a n t i a l l y   a s  

b e f o r e ,   w i t h   i t s   50  mm  x  10  mm  f a c e s   p a r a l l e l   to   t h e  

25  p l a n e s   of  r a n d o m   two  d i m e n s i o n a l   f i b e r   o r i e n t a t i o n   of   t h e  

s i l i c o n   c a r b i d e   s h o r t   f i b e r   m a t e r i a l   i n c l u d e d   t h e r e i n ,  
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a n d   f o r   e a c h   of   t h e s e   c o m p o s i t e   m a t e r i a l   b e n d i n g   s t r e n g t h  

t e s t   p i e c e s   a  b e n d i n g   s t r e n g t h   t e s t   was  c a r r i e d   o u t ,  

a g a i n   s u b s t a n t i a l l y   as   b e f o r e .  

>  The  r e s u l t s   of   t h e s e   b e n d i n g   s t r e n g t h   t e s t s   w e r e   a s  

shown   in   t h e   a p p e n d e d   T a b l e   6,  and   as   s u m m a r i z e d   in   t h e  

g r a p h s   of  F i g .   9  and   F i g .   10.  The  n u m e r i c a l   v a l u e s   i n  

T a b l e   6  i n d i c a t e   t h e   b e n d i n g   s t r e n g t h s   ( i n   kg/mm2  )  o f  

t h e   c o m p o s i t e   m a t e r i a l   b e n d i n g   s t r e n g t h   t e s t   p i e c e s  

)  h a v i n g   as   m a t r i x   m e t a l s   a l u m i n u m   a l l o y s   h a v i n g   p e r c e n t a g e  

c o n t e n t s   of  c o p p e r   and   m a g n e s i u m   as  shown  a l o n g   t h e   u p p e r  

e d g e   and   down  t h e   l e f t   e d g e   of   t h e   t a b l e ,   r e s p e c t i v e l y .  

The  g r a p h s   of   F i g .   9  a r e   b a s e d   upon   t h e   d a t a   i n   T a b l e   6 ,  

and   show  t h e   r e l a t i o n   b e t w e e n   c o p p e r   c o n t e n t   and   t h e  

>  b e n d i n g   s t r e n g t h   ( i n   kg/mm2  )  of   c e r t a i n   of   t h e   c o m p o s i t e  

m a t e r i a l   t e s t   p i e c e s ,   f o r   p e r c e n t a g e   c o n t e n t s   o f  

m a g n e s i u m   f i x e d   a l o n g   t h e   v a r i o u s   l i n e s   t h e r e o f ;   and  t h e  

g r a p h s   of   F i g .   10  a r e   a l s o   b a s e d   upon   t h e   d a t a   i n  

T a b l e   6,  and   s i m i l a r l y   b u t   c o n t r a r i w i s e   show  t h e   r e l a t i o n  

)  b e t w e e n   m a g n e s i u m   c o n t e n t   and  t h e   b e n d i n g   s t r e n g t h   ( i n  

kg/mm2  )  of  c e r t a i n   of  t h e   c o m p o s i t e   m a t e r i a l   t e s t   p i e c e s   , 

f o r   p e r c e n t a g e   c o n t e n t s   of  c o p p e r   f i x e d   a l o n g   t h e   v a r i o u s  

l i n e s   t h e r e o f .   In  T a b l e   6,  F i g .   9,  and   F i g .   10,  a s  

b e f o r e ,   t h e   v a l u e s   f o r   m a g n e s i u m   c o n t e n t   and  f o r   c o p p e r  

>  c o n t e n t   a r e   shown  w i t h   t h e i r   s e c o n d   d e c i m a l   p l a c e s  
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r o u n d e d   by  r o u n d i n g   .04  d o w n w a r d s   t o   .0  and  .05  u p w a r d s  

t o   .  1  . 

From  T a b l e   6,  F i g .   9,  and   F i g .   10,  i t   w i l l   b e  

5  u n d e r s t o o d   t h a t ,   s u b s t a n t i a l l y   i r r e s p e c t i v e   of  t h e  

m a g n e s i u m   c o n t e n t   of   t h e   a l u m i n u m   a l l o y   m a t r i x   m e t a l   o f  

t h e   b e n d i n g   s t r e n g t h   c o m p o s i t e   m a t e r i a l   t e s t   p i e c e s :  

when  t h e   c o p p e r   c o n t e n t   was  e i t h e r   a t   t h e   low  e x t r e m e   o f  

a p p r o x i m a t e l y   1.5%  or   a t   t h e   h i g h   e x t r e m e   o f  

10  a p p r o x i m a t e l y   6.5%  t h e   b e n d i n g   s t r e n g t h   of  t h e   c o m p o s i t e  

m a t e r i a l   h a d   a  r e l a t i v e l y   low  v a l u e ;   when  t h e   c o p p e r  

c o n t e n t   was  i n   t h e   r a n g e   of   up  t o   and   i n c l u d i n g  

a p p r o x i m a t e l y   3%  t h e   b e n d i n g   s t r e n g t h   of   t h e   c o m p o s i t e  

m a t e r i a l   i n c r e a s e d   a l o n g   w i t h   an  i n c r e a s e   in   t h e   c o p p e r  

15  c o n t e n t ;   when   t h e   c o p p e r   c o n t e n t   was  a p p r o x i m a t e l y   4% 

t h e   b e n d i n g   s t r e n g t h   r e a c h e d   a  s u b s t a n t i a l l y   m a x i m u m  

v a l u e ;   a n d ,   when  t h e   c o p p e r   c o n t e n t   was  in   t h e   r a n g e   o f  

n o t   l e s s   t h a n   a p p r o x i m a t e l y   4%  t h e   b e n d i n g   s t r e n g t h   o f  

t h e   c o m p o s i t e   m a t e r i a l   had   a  t e n d e n c y   t o   r e d u c e   a l o n g  

20  w i t h   an  i n c r e a s e   in   t h e   c o p p e r   c o n t e n t .   A l s o ,   i t   w i l l   b e  

u n d e r s t o o d   t h a t ,   s u b s t a n t i a l l y   i r r e s p e c t i v e   of  t h e   c o p p e r  

c o n t e n t   of   t h e   a l u m i n u m   a l l o y   m a t r i x   m e t a l   of  t h e   b e n d i n g  

s t r e n g t h   c o m p o s i t e   m a t e r i a l   t e s t   p i e c e s :   when  t h e  

m a g n e s i u m   c o n t e n t   was  e i t h e r   b e l o w   a p p r o x i m a t e l y   2%  o r  

25  a b o v e   a p p r o x i m a t e l y   4%  t h e   b e n d i n g   s t r e n g t h   of  t h e  

c o m p o s i t e   m a t e r i a l   had   a  r e l a t i v e l y   low  v a l u e ;   when  t h e  



m a g n e s a u m   c o n t e n t   was  a p p r o x i m a t e l y   3%  t h e   b e n d i n g  

s t r e n g t h   of   t h e   c o m p o s i t e   m a t e r i a l   had   a  s u b s t a n t i a l l y  

maximum  v a l u e ;   when  t h e   m a g n e s i u m   c o n t e n t   e i t h e r  

i n c r e a s e d   o r   d e c r e a s e d   f r o m   a p p r o x i m a t e l y   3%,  t h e   b e n d i n g  

s t r e n g t h   of   t h e   c o m p o s i t e   m a t e r i a l   d e c r e a s e d   g r a d u a l l y ;  

a n d ,   when  t h e   m a g n e s i u m   c o n t e n t   was  a p p r o x i m a t e l y   4 . 5 % ,  

t h e   b e n d i n g   s t r e n g t h   of  t h e   c o m p o s i t e   m a t e r i a l   w a s  

s u b s t a n t i a l l y   t h e   same  as   when  t h e   m a g n e s i u m   c o n t e n t   w a s  

a p p r o x i m a t e l y   1%. 

From  t h e   r e s u l t s   of   t h e s e   b e n d i n g   s t r e n g t h   t e s t s   i t  

w i l l   be  s e e n   t h a t ,   a l s o   i n   t h i s   c a s e   when  t h e   v o l u m e  

p r o p o r t i o n   of   t h i s   t y p e   of   r e i n f o r c i n g   s i l i c o n   c a r b i d e  

f i b e r s   i s   a p p r o x i m a t e l y   15%  as  i n   t h e   p r e v i o u s   c a s e s  

r e l a t i n g   t o   t h e   f i r s t   t y p e   of   r e i n f o r c i n g   s i l i c o n   c a r b i d e  

f i b e r s ,   i n   o r d e r   to   i n c r e a s e   t h e   s t r e n g t h   o f   s u c h   a  

c o m p o s i t e   m a t e r i a l   h a v i n g   s u c h   s i l i c o n   c a r b i d e   w h i s X e r  

r e i n f o r c i n g   f i b e r   m a t e r i a l   and  h a v i n g   as  m a t r i x   m e t a l   a n  

A l - C u - M g   t y p e   a l u m i n u m   a l l o y ,   i t   i s   a g a i n   p r e f e r a b l e   t h a t  

t h e   c o p p e r   c o n t e n t   of  s a i d   A l - C u - M g   t y p e   a l u m i n u m   a l l o y  

m a t r i x   m e t a l   s h o u l d   be  in   t h e   r a n g e   of   f r o m   a p p r o x i m a t e l y  

2%  t o   a p p r o x i m a t e l y   6%,  and   p a r t i c u l a r l y   s h o u l d   be  i n   t h e  

r a n g e   of  f r o m   a p p r o x i m a t e l y   2%  to   a p p r o x i m a t e l y   5 . 5 % ;  

and  i t   i s   p r e f e r a b l e   t h a t   t h e   m a g n e s i u m   c o n t e n t   of   s a i d  

A l - C u - M g   t y p e   a l u m i n u m   a l l o y   m a t r i x   m e t a l   s h o u l d   be  i n  

t h e   r a n g e   of   f rom  a p p r o x i m a t e l y   2%  t o   a p p r o x i m a t e l y   4%, 
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and   p a r t i c u l a r l y   s h o u l d   be  in   t h e   r a n g e   of  f r o m  

a p p r o x i m a t e l y   2%  t o   a p p r o x i m a t e l y   3 . 5 % .  

5 

N e x t ,   t h e   p r e s e n t   i n v e n t o r s   m a n u f a c t u r e d   f u r t h e r  

s a m p l e s   o f   v a r i o u s   c o m p o s i t e   m a t e r i a l s ,   a g a i n   u t i l i z i n g  

as  r e i n f o r c i n g   m a t e r i a l   t h e   same  s i l i c o n   c a r b i d e   w h i s k e r  

m a t e r i a l   as   i n   t h e   f o u r t h   s e t   of   p r e f e r r e d   e m b o d i m e n t s  

10  d e s c r i b e d   a b o v e ,   and  u t i l i z i n g   as  m a t r i x   m e t a l   v a r i o u s  

A l - C u - M g   t y p e   a l u m i n u m   a l l o y s ,   b u t   t h i s   t i m e   e m p l o y i n g   a  

f i b e r   v o l u m e   p r o p o r t i o n   of   a p p r o x i m a t e l y   20%.  Then   t h e  

p r e s e n t   i n v e n t o r s   a g a i n   c o n d u c t e d   e v a l u a t i o n s   of   t h e  

b e n d i n g   s t r e n g t h   of   t h e   v a r i o u s   r e s u l t i n g   c o m p o s i t e  

15  m a t e r i a l   s a m p l e   p i e c e s .  

F i r s t ,   a  s e t   of  a l u m i n u m   a l l o y s   t h e   same   as  t h o s e  

d e s i g n a t e d   as   Bl  t h r o u g h   B39  in   t h e   c a s e   of   t h e   s e c o n d  

and   t h e   f o u r t h   s e t s   of   p r e f e r r e d   e m b o d i m e n t s   w e r e  

20  p r o d u c e d   i n   t h e   same  m a n n e r   as  b e f o r e ,   e x c e p t   t h a t   (as   i n  

t h e   c a s e   of   t h e   t h i r d   s e t   of   p r e f e r r e d   e m b o d i m e n t s )   t h e  

a l l o y s   B7,  B12,   B18,   B24,   B33,   and  B38  w e r e   n o t   p r o d u c e d ,  

and   s a i d   a l l o y s   t h u s   a g a i n   had   as  b a s e   m a t e r i a l   a l u m i n u m  

and   had   v a r i o u s   q u a n t i t i e s   of   m a g n e s i u m   and  c o p p e r   m i x e d  

25  t h e r e w i t h .   No  p a r t i c u l a r   t a b l e   of  p r o p o r t i o n s   o f  

m a g n e s i u m   and   c o p p e r   r e l a t i n g   t o   t h e s e   a l l o y s   of   t h i s  
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ujia.i.u  s e t   ui  p x e r e r r e a   e m D o a i m e n t s   l i k e   T a b l e s   1  and   3 

f o r   t h e   a l l o y s   of   t h e   f i r s t   and  s e c o n d   s e t s   of   p r e f e r r e d  

e m b o d i m e n t s   i s   a p p e n d e d ,   s i n c e   none   i s   r e q u i r e d .   And  a n  

a p p r o p r i a t e   n u m b e r   of   s i l i c o n   c a r b i d e   w h i s k e r   m a t e r i a l  

5  p r e f o r m s   w e r e   made  as   b e f o r e   by,   in   e a c h   c a s e ,   s u b j e c t i n g  

a  q u a n t i t y   of  t h e   t y p e   of  s i l i c o n   c a r b i d e   w h i s k e r  

m a t e r i a l   u t i l i z e d   in   t h e   f o u r t h   s e t   of   p r e f e r r e d  

e m b o d i m e n t s   t o   c o m p r e s s i o n   f o r m i n g   as   d e s c r i b e d   a b o v e ,  

e a c h   of   s a i d   s i l i c o n   c a r b i d e   w h i s k e r   m a t e r i a l   p r e f o r m s   2 

D  now  h a v i n g   a  f i b e r   v o l u m e   p r o p o r t i o n   of   a p p r o x i m a t e l y  

20%,  by  c o n t r a s t   t o   t h e   f o u r t h   s e t   of  p r e f e r r e d  

e m b o d i m e n t s   d e s c r i b e d   a b o v e ;   t h e s e   p r e f o r m s   2  h a d  

s u b s t a n t i a l l y   t h e   same  d i m e n s i o n s   as  t h e   p r e f o r m s   2  o f  

t h e   f o u r t h   s e t   of  p r e f e r r e d   e m b o d i m e n t s ,   and  t h e   s a m e  

5  t y p e   o f   f i b e r   o r i e n t a t i o n .   N e x t ,   s u b s t a n t i a l l y   a s  

b e f o r e ,   e a c h   of   t h e s e   s i l i c o n   c a r b i d e   w h i s k e r   m a t e r i a l  

p r e f o r m s   2  was  s u b j e c t e d   to   h i g h   p r e s s u r e   c a s t i n g  

t o g e t h e r   w i t h   an  a p p r o p r i a t e   q u a n t i t y   of   one   of   t h e  

a l u m i n u m   a l l o y s   d e s c r i b e d   a b o v e ,   u t i l i z i n g   o p e r a t i o n a l  

)  p a r a m e t e r s   s u b s t a n t i a l l y   as  b e f o r e ,   a n d ,   a f t e r   m a c h i n i n g  

away  t h e   p e r i p h e r a l   p o r t i o n s   of  t h e   r e s u l t i n g   s o l i d i f i e d  

a l u m i n u m   a l l o y   m a s s e s ,   s a m p l e   p i e c e s   of   c o m p o s i t e  

m a t e r i a l   w h i c h   had  s i l i c o n   c a r b i d e   f i b e r   w h i s k e r   m a t e r i a l  

as   r e i n f o r c i n g   m a t e r i a l   and  t h e   a p p r o p r i a t e   one  of  t h e  

>  a b o v e   d e s c r i b e d   a l u m i n u m   a l l o y s   as  m a t r i x   m e t a l   w e r e  

o b t a i n e d .   And  t h e   v o l u m e   p r o p o r t i o n   of  s i l i c o n   c a r b i d e  
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f i b e r s   in   e a c h   of  t h e   r e s u l t i n g   c o m p o s i t e   m a t e r i a l   s a m p l e  

p i e c e s   was  t h u s   now  a p p r o x i m a t e l y   20%.  P o s t   p r o c e s s i n g  

s t e p s   w e r e   p e r f o r m e d   on  t h e   c o m p o s i t e   m a t e r i a l   s a m p l e s ,  

s u b s t a n t i a l l y   as  b e f o r e ,   and  f r o m   e a c h   of   t h e   c o m p o s i t e  

5  m a t e r i a l   s a m p l e   p i e c e s   m a n u f a c t u r e d   as   d e s c r i b e d   a b o v e ,  

to   w h i c h   h e a t   t r e a t m e n t   had  a g a i n   b e e n   a p p l i e d ,   t h e r e   w a s  

c u t   a  b e n d i n g   s t r e n g t h   t e s t   p i e c e   of  d i m e n s i o n s  

s u b s t a n t i a l l y   as  in   t h e   c a s e   of  t h e   f o u r t h   s e t   o f  

p r e f e r r e d   e m b o d i m e n t s   and  w i t h   f i b e r   o r i e n t a t i o n  

10  s u b s t a n t i a l l y   as  d e s c r i b e d   a b o v e ,   and  f o r   e a c h   of   t h e s e  

c o m p o s i t e   m a t e r i a l   b e n d i n g   s t r e n g t h   t e s t   p i e c e s   a  b e n d i n g  

s t r e n g t h   t e s t   was  c a r r i e d   o u t ,   a g a i n   s u b s t a n t i a l l y   a s  

b e f o r e .   The  r e s u l t s   of   t h e s e   b e n d i n g   s t r e n g t h   t e s t s   w e r e  

as  shown  in   t h e   a p p e n d e d   T a b l e   7,  and  as   s u m m a r i z e d   i n  

15  t h e   g r a p h s   of   F i g .   11  and   F i g .   12.  T h u s ,   T a b l e   7 ,  

F i g .   11,  and   F i g .   12  c o r r e s p o n d   r e s p e c t i v e l y   t o   T a b l e   6 ,  

F i g .   9,  and   F i g .   10  of   t h e   f o u r t h   s e t   of   p r e f e r r e d  

e m b o d i m e n t s   d e s c r i b e d   a b o v e .   As  b e f o r e ,   t h e   n u m e r i c a l  

v a l u e s   in   T a b l e   7  i n d i c a t e   t h e   b e n d i n g   s t r e n g t h s   ( i n  

20  kg/mm2  )  of  t h e   c o m p o s i t e   m a t e r i a l   b e n d i n g   s t r e n g t h   t e s t  

p i e c e s   h a v i n g   as  m a t r i x   m e t a l s   a l u m i n u m   a l l o y s   h a v i n g  

p e r c e n t a g e   c o n t e n t s   of  c o p p e r   and  m a g n e s i u m   as  s h o w n  

a l o n g   t h e   u p p e r   e d g e   and  down  t h e   l e f t   e d g e   of   t h e   t a b l e ,  

r e s p e c t i v e l y .   The  g r a p h s   of  F i g .   11  a r e   b a s e d   upon   t h e  

25  d a t a   in   T a b l e   7,  and   show  t h e   r e l a t i o n   b e t w e e n   c o p p e r  

c o n t e n t   and   t h e   b e n d i n g   s t r e n g t h   ( in   kg/mm2  )  of  c e r t a i n  
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of   t h e   c o m p o s i t e   m a t e r i a l   t e s t   p i e c e s ,   f o r   p e r c e n t a g e  

c o n t e n t s   of   m a g n e s i u m   f i x e d   a l o n g   t h e   v a r i o u s   l i n e s  

t h e r e o f ;   and   t h e   g r a p h s   of   F i g .   12  a r e   a l s o   b a s e d   u p o n  

t h e   d a t a   in   T a b l e   7,  and   s i m i l a r l y   b u t   c o n t r a r i w i s e   s h o w  

5  t h e   r e l a t i o n   b e t w e e n   m a g n e s i u m   c o n t e n t   and   t h e   b e n d i n g  

s t r e n g t h   ( i n   kg/mma  )  of   c e r t a i n   of   t h e   c o m p o s i t e   m a t e r i a l  

t e s t   p i e c e s ,   f o r   p e r c e n t a g e   c o n t e n t s   of  c o p p e r   f i x e d  

a l o n g   t h e   v a r i o u s   l i n e s   t h e r e o f .   In  T a b l e   7,  F i g .   1 1 ,  

and   F i g .   12,  as  b e f o r e ,   t h e   v a l u e s   f o r   m a g n e s i u m   c o n t e n t  

10  and   f o r   c o p p e r   c o n t e n t   a r e   shown  w i t h   t h e i r   s e c o n d  

d e c i m a l   p l a c e s   r o u n d e d   by  r o u n d i n g   .04  d o w n w a r d s   t o   . 0  

and   .  05  u p w a r d s   t o   .  l  . 

From  T a b l e   7,  F i g .   11,  and   F i g .   12,  i t   w i l l   b e  

15  u n d e r s t o o d   t h a t ,   s u b s t a n t i a l l y   i r r e s p e c t i v e   of   t h e  

m a g n e s i u m   c o n t e n t   of   t h e   a l u m i n u m   a l l o y   m a t r i x   m e t a l   o f  

t h e   b e n d i n g   s t r e n g t h   c o m p o s i t e   m a t e r i a l   t e s t   p i e c e s :  

when  t h e   c o p p e r   c o n t e n t   was  e i t h e r   a t   t h e   low  e x t r e m e   o f  

a p p r o x i m a t e l y   1.5%  or   a t   t h e   h i g h   e x t r e m e   o f  

20  a p p r o x i m a t e l y   6.5%  t h e   b e n d i n g   s t r e n g t h   of   t h e   c o m p o s i t e  

m a t e r i a l   had   a  r e l a t i v e l y   low  v a l u e ;   when  t h e   c o p p e r  

c o n t e n t   was  in   t h e   r a n g e   of   up  to   and  i n c l u d i n g  

a p p r o x i m a t e l y   3%  t h e   b e n d i n g   s t r e n g t h   of  t h e   c o m p o s i t e  

m a t e r i a l   i n c r e a s e d   a l o n g   w i t h   an  i n c r e a s e   in   t h e   c o p p e r  

25  c o n t e n t ;   when  t h e   c o p p e r   c o n t e n t   was  a p p r o x i m a t e l y   4% 

t h e   b e n d i n g   s t r e n g t h   r e a c h e d   a  s u b s t a n t i a l l y   m a x i m u m  
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v a l u e ;   a n d ,   when  t h e   c o p p e r   c o n t e n t   was  In  t h e   r a n g e   o f  

n o t   l e s s   t h a n   a p p r o x i m a t e l y   4%  t h e   b e n d i n g   s t r e n g t h   o f  

t h e   c o m p o s i t e   m a t e r i a l   had   a  t e n d e n c y   t o   r e d u c e   a l o n g  

w i t h   an  i n c r e a s e   in   t h e   c o p p e r   c o n t e n t .   A l s o ,   i t   w i l l   b e  

5  u n d e r s t o o d   t h a t ,   s u b s t a n t i a l l y   i r r e s p e c t i v e   of  t h e   c o p p e r  

c o n t e n t   of   t h e   a l u m i n u m   a l l o y   m a t r i x   m e t a l   of   t h e   b e n d i n g  

s t r e n g t h   c o m p o s i t e   m a t e r i a l   t e s t   p i e c e s :   when  t h e  

m a g n e s i u m   c o n t e n t   was  e i t h e r   b e l o w   a p p r o x i m a t e l y   2*  o r  

a b o v e   a p p r o x i m a t e l y   4%  t h e   b e n d i n g   s t r e n g t h   of   t h e  

10  c o m p o s i t e   m a t e r i a l   had   a  r e l a t i v e l y   low  v a l u e ;   when  t h e  

m a g n e s i u m   c o n t e n t   was  a p p r o x i m a t e l y   3*  t h e   b e n d i n g  

s t r e n g t h   of   t h e   c o m p o s i t e   m a t e r i a l   had   a  s u b s t a n t i a l l y  

maximum  v a l u e ;   when  t h e   m a g n e s i u m   c o n t e n t   e i t h e r  

i n c r e a s e d   or   d e c r e a s e d   f r o m   a p p r o x i m a t e l y   3%,  t h e   b e n d i n g  

15  s t r e n g t h   of   t h e   c o m p o s i t e   m a t e r i a l   d e c r e a s e d   g r a d u a l l y ;  

a n d ,   when  t h e   m a g n e s i u m   c o n t e n t   was  a p p r o x i m a t e l y   4 . 5 % ,  

t h e   b e n d i n g   s t r e n g t h   of   t h e   c o m p o s i t e   m a t e r i a l   w a s  

s u b s t a n t i a l l y   t h e   same  as  when  t h e   m a g n e s i u m   c o n t e n t   w a s  

a p p r o x i m a t e l y   1%. 

2 0  

I t   w i l l   be  f u r t h e r   s e e n   f r o m   t h e   v a l u e s   in   T a b l e   7 

t h a t ,   f o r   s u c h   a  c o m p o s i t e   m a t e r i a l   h a v i n g   a  v o l u m e  

p r o p o r t i o n   of   a p p r o x i m a t e l y   20%  of  s i l i c o n   c a r b i d e  

w h i s k e r   m a t e r i a l   as  r e i n f o r c i n g   f i b e r   m a t e r i a l   and  u s i n g  

25  s u c h   an  a l u m i n u m   a l l o y   as   m a t r i x   m e t a l ,   t h e   b e n d i n g  

s t r e n g t h   v a l u e s   a r e   g e n e r a l l y   v e r y   much  h i g h e r   t h a n   t h e  
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t y p i c a l   b e n d i n g   s t r e n g t h   of   a p p r o x i m a t e l y   51  k g / m m a  

a t t a i n e d   in   t h e   c o n v e n t i o n a l   a r t   f o r   a  c o m p o s i t e   m a t e r i a l  

u s i n g   as   m a t r i x   m e t a l   a  c o n v e n t i o n a l l y   so  u t i l i z e d  

a l u m i n u m   a l l o y   of   J I S   s t a n d a r d   AC4C  and   u s i n g   s i m i l a r  

5  s i l i c o n   c a r b i d e   s h o r t   f i b e r   m a t e r i a l   as   r e i n f o r c i n g  

m a t e r i a l ;   and   in   p a r t i c u l a r   i t   w i l l   be  a p p r e c i a t e d   t h a t  

t h e   b e n d i n g   s t r e n g t h   of   s u c h   a  c o m p o s i t e   m a t e r i a l   w h o s e  

m a t r i x   m e t a l   a l u m i n u m   a l l o y   h a s   a  c o p p e r   c o n t e n t   of  f r o m  

a p p r o x i m a t e l y   2%  to   a p p r o x i m a t e l y   6%  and   a  m a g n e s i u m  

L0  c o n t e n t   of   f r o m   a p p r o x i m a t e l y   2%  to   a p p r o x i m a t e l y   4%  i s  

a p p r o x i m a t e l y   b e t w e e n   1  .  2  and   1  .  5  t i m e s   as   g r e a t   as   t h a t  

of  s u c h   an  a b o v e m e n t i o n e d   c o n v e n t i o n a l   c o m p o s i t e  

m a t e r i a l   . 

15  From  t h e   r e s u l t s   of   t h e s e   b e n d i n g   s t r e n g t h   t e s t s   i t  

w i l l   be  s e e n   t h a t ,   a l s o   i n   t h i s   c a s e   when  t h e   v o l u m e  

p r o p o r t i o n   of   t h e   r e i n f o r c i n g   s i l i c o n   c a r b i d e   f i b e r s   i s  

a p p r o x i m a t e l y   20%  as  in   t h e   p r e v i o u s   c a s e s ,   in   o r d e r   t o  

i n c r e a s e   t h e   s t r e n g t h   of  s u c h   a  c o m p o s i t e   m a t e r i a l   h a v i n g  

20  s u c h   s i l i c o n   c a r b i d e   w h i s k e r   r e i n f o r c i n g   f i b e r   m a t e r i a l  

and   h a v i n g   as  m a t r i x   m e t a l   an  A l - C u - M g   t y p e   a l u m i n u m  

a l l o y ,   i t   i s   a g a i n   p r e f e r a b l e   t h a t   t h e   c o p p e r   c o n t e n t   o f  

s a i d   A l - C u - M g   t y p e   a l u m i n u m   a l l o y   m a t r i x   m e t a l   s h o u l d   b e  

in   t h e   r a n g e   of  f r o m   a p p r o x i m a t e l y   2%  to   a p p r o x i m a t e l y  

25  6%,  and   p a r t i c u l a r l y   s h o u l d   be  in   t h e   r a n g e   of  f r o m  

a p p r o x i m a t e l y   2%  to   a p p r o x i m a t e l y   5 .5%;   and  i t   i s  
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p r e f e r a b l e   t h a t   t h e   m a g n e s i u m   c o n t e n t   of   s a i d   A l - C u - M g  

t y p e   a l u m i n u m   a l l o y   m a t r i x   m e t a l   s h o u l d   be  in   t h e   r a n g e  

of  f r o m   a p p r o x i m a t e l y   2%  to   a p p r o x i m a t e l y   4%,  a n d  

p a r t i c u l a r l y   s h o u l d   be  in   t h e   r a n g e   of   f r o m   a p p r o x i m a t e l y  

5  2%  to   a p p r o x i m a t e l y   3 . 5 % .  

THE  SIXTH  SET  OF  PREFERRED  EMBODIMENTS 

N e x t ,   t h e   p r e s e n t   i n v e n t o r s   m a n u f a c t u r e d   f u r t h e r  

10  s a m p l e s   of   v a r i o u s   c o m p o s i t e   m a t e r i a l s ,   a g a i n   u t i l i z i n g  

as  r e i n f o r c i n g   m a t e r i a l   t h e   same  s i l i c o n   c a r b i d e   w h i s k e r  

m a t e r i a l   as   in   t h e   f o u r t h   s e t   of   p r e f e r r e d   e m b o d i m e n t s  

d e s c r i b e d   a b o v e ,   and   u t i l i z i n g   as   m a t r i x   m e t a l   v a r i o u s  

A l - C u - M g   t y p e   a l u m i n u m   a l l o y s ,   b u t   t h i s   t i m e   e m p l o y i n g   a  

15  f i b e r   v o l u m e   p r o p o r t i o n   of  a p p r o x i m a t e l y   40%.  Then   t h e  

p r e s e n t   i n v e n t o r s   a g a i n   c o n d u c t e d   e v a l u a t i o n s   of   t h e  

b e n d i n g   s t r e n g t h   of   t h e   v a r i o u s   r e s u l t i n g   c o m p o s i t e  

m a t e r i a l   s a m p l e   p i e c e s .  

20  F i r s t ,   a  s e t   of   a l u m i n u m   a l l o y s   t h e   same  as  t h o s e  

d e s i g n a t e d   as   Bl  t h r o u g h   B39  in   t h e   c a s e   of  t h e   s e c o n d  

and   t h e   f o u r t h   s e t s   of  p r e f e r r e d   e m b o d i m e n t s   w e r e  

p r o d u c e d   i n   t h e   same  m a n n e r   as  b e f o r e ,   and   f u r t h e r   a n  

a d d i t i o n a l   a l l o y   B40  was  p r o d u c e d   h a v i n g   a  c o p p e r   c o n t e n t  

25  of   a p p r o x i m a t e l y   5 . 4 9 % ,   a  m a g n e s i u m   c o n t e n t   o f  

a p p r o x i m a t e l y   2 . 9 8 % ,   r e m a i n d e r   s u b s t a n t i a l l y   a l u m i n u m ,  
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and   s a i d   a l l o y s   Bl  t h r o u g h   B40  t h u s   a g a i n   had   as   b a s e  

m a t e r i a l   a l u m i n u m   and   had   v a r i o u s   q u a n t i t i e s   of  m a g n e s i u m  

and   c o p p e r   m i x e d   t h e r e w i t h .   No  p a r t i c u l a r   t a b l e   o f  

p r o p o r t i o n s   of   m a g n e s i u m   and   c o p p e r   r e l a t i n g   t o   t h e s e  

5  a l l o y s   of   t h i s   t h i r d   s e t   of   p r e f e r r e d   e m b o d i m e n t s   l i k e  

T a b l e s   l  and   3  f o r   t h e   a l l o y s   of   t h e   f i r s t   and  s e c o n d  

s e t s   of  p r e f e r r e d   e m b o d i m e n t s   i s   a p p e n d e d ,   s i n c e   a g a i n  

none   i s   r e q u i r e d .   And  an  a p p r o p r i a t e   n u m b e r   of  s i l i c o n  

c a r b i d e   w h i s k e r   m a t e r i a l   p r e f o r m s   w e r e   made  as  b e f o r e   b y ,  

10  in   e a c h   c a s e ,   s u b j e c t i n g   a  q u a n t i t y   of   t h e   same  t y p e   o f  

s i l i c o n   c a r b i d e   w h i s k e r   m a t e r i a l   as   u t i l i z e d   in   t h e  

f o u r t h   s e t   of   p r e f e r r e d   e m b o d i m e n t s   t o   c o m p r e s s i o n  

f o r m i n g   as  d e s c r i b e d   w i t h   r e g a r d   t o   s a i d   f o u r t h   s e t   o f  

p r e f e r r e d   e m b o d i m e n t s ,   e a c h   of   s a i d   s i l i c o n   c a r b i d e  

15  w h i s k e r   m a t e r i a l   p r e f o r m s   2  now  h a v i n g   a  f i b e r   v o l u m e  

p r o p o r t i o n   of  a p p r o x i m a t e l y   40*  by  c o n t r a s t   to   s a i d  

f o u r t h   s e t   of  p r e f e r r e d   e m b o d i m e n t s ;   t h e s e   p r e f o r m s   2 

had   s u b s t a n t i a l l y   t h e   same  d i m e n s i o n s   as   t h e   p r e f o r m s   2 

of  t h e   f o u r t h   s e t   of   p r e f e r r e d   e m b o d i m e n t s ,   and  t h e   s a m e  

20  t y p e   of   f i b e r   o r i e n t a t i o n .   N e x t ,   s u b s t a n t i a l l y   a s  

b e f o r e ,   e a c h   of  t h e s e   s i l i c o n   c a r b i d e   w h i s k e r   m a t e r i a l  

p r e f o r m s   2  was  s u b j e c t e d   t o   h i g h   p r e s s u r e   c a s t i n g  

t o g e t h e r   w i t h   an  a p p r o p r i a t e   q u a n t i t y   of   one  of  t h e  

a l u m i n u m   a l l o y s   d e s c r i b e d   a b o v e ,   u t i l i z i n g   o p e r a t i o n a l  

25  p a r a m e t e r s   s u b s t a n t i a l l y   as   b e f o r e ,   a n d ,   a f t e r   m a c h i n i n g  

away  t h e   p e r i p h e r a l   p o r t i o n s   of   t h e   r e s u l t i n g   s o l i d i f i e d  



-  56  -  

0 2 0 7 3 1 4  

a l u m i n u m   a l l o y   m a s s e s ,   s a m p l e   p i e c e s   of   c o m p o s i t e  

m a t e r i a l   w h i c h   had   s i l i c o n   c a r b i d e   f i b e r   w h i s k e r   m a t e r i a l  

as   r e i n f o r c i n g   m a t e r i a l   and   t h e   a p p r o p r i a t e   one  of  t h e  

a b o v e   d e s c r i b e d   a l u m i n u m   a l l o y s   as   m a t r i x   m e t a l   w e r e  

5  o b t a i n e d .   And  t h e   v o l u m e   p r o p o r t i o n   of   s i l i c o n   c a r b i d e  

f i b e r s   in   e a c h   of   t h e   r e s u l t i n g   c o m p o s i t e   m a t e r i a l   s a m p l e  

p i e c e s   was  t h u s   now  a p p r o x i m a t e l y   40%.  P o s t   p r o c e s s i n g  

s t e p s   w e r e   p e r f o r m e d   on  t h e   c o m p o s i t e   m a t e r i a l   s a m p l e s ,  

s u b s t a n t i a l l y   as   b e f o r e ,   and   f r o m   e a c h   of  t h e   c o m p o s i t e  

10  m a t e r i a l   s a m p l e   p i e c e s   m a n u f a c t u r e d   as   d e s c r i b e d   a b o v e ,  

t o   w h i c h   h e a t   t r e a t m e n t   had   a g a i n   b e e n   a p p l i e d ,   t h e r e   w a s  

c u t   a  b e n d i n g   s t r e n g t h   t e s t   p i e c e   of   d i m e n s i o n s  

s u b s t a n t i a l l y   as   in   t h e   c a s e   of   t h e   f o u r t h   s e t   o f  

p r e f e r r e d   e m b o d i m e n t s   and  w i t h   f i b e r   o r i e n t a t i o n  

15  s u b s t a n t i a l l y   as   d e s c r i b e d   a b o v e ,   and   f o r   e a c h   of  t h e s e  

c o m p o s i t e   m a t e r i a l   b e n d i n g   s t r e n g t h   t e s t   p i e c e s   a  b e n d i n g  

s t r e n g t h   t e s t   was  c a r r i e d   o u t ,   a g a i n   s u b s t a n t i a l l y   a s  

b e f o r e .   The  r e s u l t s   of   t h e s e   b e n d i n g   s t r e n g t h   t e s t s   w e r e  

as  shown   i n   t h e   a p p e n d e d   T a b l e   8,  and   as  s u m m a r i z e d   i n  

20  t h e   g r a p h s   of   F i g .   13  and  F i g .   14.  T h u s ,   T a b l e   8 ,  

F i g .   13,  and   F i g .   14  c o r r e s p o n d   r e s p e c t i v e l y   t o   T a b l e   6 ,  

F i g .   9,  and   F i g .   10  of  t h e   f o u r t h   s e t   of  p r e f e r r e d  

e m b o d i m e n t s   d e s c r i b e d   a b o v e .   As  b e f o r e ,   t h e   n u m e r i c a l  

v a l u e s   i n   T a b l e   8  i n d i c a t e   t h e   b e n d i n g   s t r e n g t h s   ( i n  

25  Kg  /mm2  )  of   t h e   c o m p o s i t e   m a t e r i a l   b e n d i n g   s t r e n g t h   t e s t  

p i e c e s   h a v i n g   as   m a t r i x   m e t a l s   a l u m i n u m   a l l o y s   h a v i n g  



-  57  -  

0 2 0 7 3 1 4  

p e r c e n t a g e   c o n t e n t s   of   c o p p e r   and   m a g n e s i u m   as  s h o w n  

a l o n g   t h e   u p p e r   e d g e   and   down  t h e   l e f t   e d g e   of  t h e   t a b l e ,  

r e s p e c t i v e l y .   The  g r a p h s   of   P i g .   13  a r e   b a s e d   upon   t h e  

d a t a   in   T a b l e   8,  and   show  t h e   r e l a t i o n   b e t w e e n   c o p p e r  

5  c o n t e n t   and   t h e   b e n d i n g   s t r e n g t h   ( i n   Xg/mm2)  of   c e r t a i n  

of  t h e   c o m p o s i t e   m a t e r i a l   t e s t   p i e c e s ,   f o r   p e r c e n t a g e  

c o n t e n t s   of   m a g n e s i u m   f i x e d   a l o n g   t h e   v a r i o u s   l i n e s  

t h e r e o f ;   and   t h e   g r a p h s   of   F i g .   14  a r e   a l s o   b a s e d   u p o n  

t h e   d a t a   in   T a b l e   8,  a n d   s i m i l a r l y   b u t   c o n t r a r i w i s e   s h o w  

L0  t h e   r e l a t i o n   b e t w e e n   m a g n e s i u m   c o n t e n t   and  t h e   b e n d i n g  

s t r e n g t h   ( i n   Xg/mm2  )  of   c e r t a i n   of   t h e   c o m p o s i t e   m a t e r i a l  

t e s t   p i e c e s ,   f o r   p e r c e n t a g e   c o n t e n t s   of  c o p p e r   f i x e d  

a l o n g   t h e   v a r i o u s   l i n e s   t h e r e o f ,   in   T a b l e   8,  F i g .   1 3 ,  

and   F i g .   14,  as   b e f o r e ,   t h e   v a l u e s   f o r   m a g n e s i u m   c o n t e n t  

.5  and   f o r   c o p p e r   c o n t e n t   a r e   shown  w i t h   t h e i r   s e c o n d  

d e c i m a l   p l a c e s   r o u n d e d   by  r o u n d i n g   .04  d o w n w a r d s   t o   . 0  

and   .  05  u p w a r d s   t o   .  1  . 

From  T a b l e   8,  F i g .   13,  and   F i g .   14,  i t   w i l l   y e t  

10  a g a i n   be  u n d e r s t o o d   t h a t ,   s u b s t a n t i a l l y   i r r e s p e c t i v e   o f  

t h e   m a g n e s i u m   c o n t e n t   of   t h e   a l u m i n u m   a l l o y   m a t r i x   m e t a l  

of  t h e   b e n d i n g   s t r e n g t h   c o m p o s i t e   m a t e r i a l   t e s t   p i e c e s :  

when  t h e   c o p p e r   c o n t e n t   was  e i t h e r   a t   t h e   low  e x t r e m e   o f  

a p p r o x i m a t e l y   1.5%  or   a t   t h e   h i g h   e x t r e m e   o f  

15  a p p r o x i m a t e l y   6.5%  t h e   b e n d i n g   s t r e n g t h   of  t h e   c o m p o s i t e  

m a t e r i a l   had   a  r e l a t i v e l y   low  v a l u e ;   when  t h e   c o p p e r  
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c o n t e n t   was  in   t h e   r a n g e   of   up  t o   and  i n c l u d i n g  

a p p r o x i m a t e l y   3%  t h e   b e n d i n g   s t r e n g t h   of   t h e   c o m p o s i t e  

m a t e r i a l   i n c r e a s e d   a l o n g   w i t h   an  i n c r e a s e   in   t h e   c o p p e r  

c o n t e n t ;   when  t h e   c o p p e r   c o n t e n t   was  a p p r o x i m a t e l y   Ah 

5  t h e   b e n d i n g   s t r e n g t h   r e a c h e d   a  s u b s t a n t i a l l y   m a x i m u m  

v a l u e ;   a n d ,   when  t h e   c o p p e r   c o n t e n t   was  in   t h e   r a n g e   o f  

n o t   l e s s   t h a n   a p p r o x i m a t e l y   4%  t h e   b e n d i n g   s t r e n g t h   o f  

t h e   c o m p o s i t e   m a t e r i a l   had   a  t e n d e n c y   t o   r e d u c e   a l o n g  

w i t h   an  i n c r e a s e   in   t h e   c o p p e r   c o n t e n t .   A l s o ,   i t   w i l l   b e  

10  y e t   a g a i n   u n d e r s t o o d   t h a t ,   s u b s t a n t i a l l y   i r r e s p e c t i v e   o f  

t h e   c o p p e r   c o n t e n t   of   t h e   a l u m i n u m   a l l o y   m a t r i x   m e t a l   o f  

t h e   b e n d i n g   s t r e n g t h   c o m p o s i t e   m a t e r i a l   t e s t   p i e c e s :  

when  t h e   m a g n e s i u m   c o n t e n t   was  e i t h e r   b e l o w   a p p r o x i m a t e l y  

2h  or   a b o v e   a p p r o x i m a t e l y   Ah  t h e   b e n d i n g   s t r e n g t h   of  t h e  

15  c o m p o s i t e   m a t e r i a l   had   a  r e l a t i v e l y   low  v a l u e ;   when  t h e  

m a g n e s i u m   c o n t e n t   was  a p p r o x i m a t e l y   3*  t h e   b e n d i n g  

s t r e n g t h   of   t h e   c o m p o s i t e   m a t e r i a l   had   a  s u b s t a n t i a l l y  

maximum  v a l u e ;   when  t h e   m a g n e s i u m   c o n t e n t   e i t h e r  

i n c r e a s e d   or   d e c r e a s e d   f r o m   a p p r o x i m a t e l y   3h,  t h e   b e n d i n g  

20  s t r e n g t h   of   t h e   c o m p o s i t e   m a t e r i a l   d e c r e a s e d   g r a d u a l l y ;  

a n d ,   when  t h e   m a g n e s i u m   c o n t e n t   was  a p p r o x i m a t e l y   4 . 5 % ,  

t h e   b e n d i n g   s t r e n g t h   of   t h e   c o m p o s i t e   m a t e r i a l   w a s  

s u b s t a n t i a l l y   t h e   same  as  when  t h e   m a g n e s i u m   c o n t e n t   w a s  

a p p r o x i m a t e l y   1 * .  
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I t   w i l l   be  f u r t h e r   s e e n   f r o m   t h e   v a l u e s   in   T a b l e   8  

t h a t ,   f o r   s u c h   a  c o m p o s i t e   m a t e r i a l   h a v i n g   a  v o l u m e  

p r o p o r t i o n   o f   a p p r o x i m a t e l y   40%  of   s u c h   s i l i c o n   c a r b i d e  

w h i s k e r   m a t e r i a l   as   r e i n f o r c i n g   f i b e r   m a t e r i a l   and   u s i n g  
5  s u c h   an  a l u m i n u m   a l l o y   as   m a t r i x   m e t a l ,   t h e   b e n d i n g  

s t r e n g t h   v a l u e s   a r e   g e n e r a l l y   v e r y   much  h i g h e r   t h a n   t h e  

t y p i c a l   b e n d i n g   s t r e n g t h   of   a p p r o x i m a t e l y   75  Xg/mma 

a t t a i n e d   i n   t h e   c o n v e n t i o n a l   a r t   f o r   a  c o m p o s i t e   m a t e r i a l  

u s i n g   as   m a t r i x   m e t a l   a  c o n v e n t i o n a l l y   so  u t i l i z e d  

L0  a l u m i n u m   a l l o y   of   J I S   s t a n d a r d   AC4C  and   u s i n g   s i m i l a r  

s i l i c o n   c a r b i d e   s h o r t   f i b e r   m a t e r i a l   as   r e i n f o r c i n g  

m a t e r i a l ;   and   i n   p a r t i c u l a r   i t   w i l l   be  a p p r e c i a t e d   t h a t  

t h e   b e n d i n g   s t r e n g t h   of  s u c h   a  c o m p o s i t e   m a t e r i a l   w h o s e  

m a t r i x   m e t a l   a l u m i n u m   a l l o y   h a s   a  c o p p e r   c o n t e n t   of   f r o m  

L5  a p p r o x i m a t e l y   2%  t o   a p p r o x i m a t e l y   6%  and   a  m a g n e s i u m  

c o n t e n t   of   f r o m   a p p r o x i m a t e l y   2%  t o   a p p r o x i m a t e l y   4%  i s  

a p p r o x i m a t e l y   b e t w e e n   1 .3   and   1 . 5   t i m e s   as   g r e a t   as   t h a t  

of   s u c h   an  a b o v e m e n t i o n e d   c o n v e n t i o n a l   c o m p o s i t e  

m a t e r i a l   . 

10 

From  t h e   r e s u l t s   of  t h e s e   b e n d i n g   s t r e n g t h   t e s t s   i t  

w i l l   be  s e e n   t h a t ,   a l s o   in   t h i s   c a s e   when  t h e   v o l u m e  

p r o p o r t i o n   of   t h e   r e i n f o r c i n g   s i l i c o n   - c a r b i d e   f i b e r s   i s  

a p p r o x i m a t e l y   40%  as  in   t h e   p r e v i o u s   c a s e s ,   in   o r d e r   t o  

5  i n c r e a s e   t h e   s t r e n g t h   of   s u c h   a  c o m p o s i t e   m a t e r i a l   h a v i n g  

s u c h   s i l i c o n   c a r b i d e   w h i s k e r   r e i n f o r c i n g   f i b e r   m a t e r i a l  
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and   h a v i n g   as   m a t r i x   m e t a l   an  A l - C u - M g   t y p e   a l u m i n u m  

a l l o y ,   i t   i s   a g a i n   p r e f e r a b l e   t h a t   t h e   c o p p e r   c o n t e n t   o f  

s a i d   A l - C u - M g   t y p e   a l u m i n u m   a l l o y   m a t r i x   m e t a l   s h o u l d   b e  

in   t h e   r a n g e   of   f r o m   a p p r o x i m a t e l y   2*  t o   a p p r o x i m a t e l y  

5  6%,  and   p a r t i c u l a r l y   s h o u l d   be  in   t h e   r a n g e   of  f r o m  

a p p r o x i m a t e l y   2*  t o   a p p r o x i m a t e l y   5 .5%;   and   i t   i s  

p r e f e r a b l e   t h a t   t h e   m a g n e s i u m   c o n t e n t   of   s a i d   A l - C u - M g  

t y p e   a l u m i n u m   a l l o y   m a t r i x   m e t a l   s h o u l d   be  in   t h e   r a n g e  

of  f rom  a p p r o x i m a t e l y   2%  t o   a p p r o x i m a t e l y   4%,  a n d  

10  p a r t i c u l a r l y   s h o u l d   be  in   t h e   r a n g e   of   f r o m   a p p r o x i m a t e l y  

2%  to   a p p r o x i m a t e l y   3 . 5 % .  

OTHER  EMBODIMENTS 

15  A l t h o u g h   no  p a r t i c u l a r   d e t a i l s   t h e r e o f   a r e   g i v e n   i n  

t h e   i n t e r e s t s   of   b r e v i t y   of   d e s c r i p t i o n ,   in   f a c t   o t h e r  

s e t s   of  p r e f e r r e d   e m b o d i m e n t s   s i m i l a r   t o   t h e   f o u r t h  

t h r o u g h   t h e   s i x t h   s e t s   of   p r e f e r r e d   e m b o d i m e n t s   d e s c r i b e d  

a b o v e   w e r e   p r o d u c e d ,   in   s i m i l a r   m a n n e r s   t o   t h o s e  

20  d e s c r i b e d   a b o v e ,   b u t   d i f f e r i n g   in   t h e   t h e   s i l i c o n   c a r b i d e  

s h o r t   f i b e r s   w h i c h   c o n s t i t u t e d   t h e   r e i n f o r c i n g   m a t e r i a l  

w e r e   in   t h e s e   c a s e s   c u t   to   a  l e n g t h   of  a p p r o x i m a t e l y  

1  cm;  and   b e n d i n g   s t r e n g t h   t e s t s   of  t h e   same  t y p e s   a s  

c o n d u c t e d   in   t h e   f o u r t h   t h r o u g h   t h e   s i x t h   s e t s   o f  

25  p r e f e r r e d   e m b o d i m e n t s   d e s c r i b e d   a b o v e   w e r e   c a r r i e d   o u t   o n  

b e n d i n g   t e s t   s a m p l e s   w h i c h   as   b e f o r e   had   t h e i r  
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50  nun  x  10  nun  f a c e s   e x t e n d i n g   p a r a l l e l   t o   t h e   p l a n e s   o f  

r a n d o m   two  d i m e n s i o n a l   f i b e r   o r i e n t a t i o n   of   t h e   s i l i c o n  

c a r b i d e   s h o r t   f i b e r   m a t e r i a l   i n c l u d e d   i n   s a i d   t e s t  

s a m p l e s .   The  r e s u l t s   of   t h e s e   b e n d i n g   s t r e n g t h   t e s t s  

5  w e r e   s i m i l a r   t o   t h o s e   d e s c r i b e d   a b o v e   f o r   s a i d   f o u r t h  

t h r o u g h   s i x t h   s e t s   of  p r e f e r r e d   e m b o d i m e n t s ,   and  t h e  

c o n c l u s i o n s   d r a w n   t h e r e f r o m   w e r e   a c c o r d i n g l y   s i m i l a r .  

THE  SEVENTH  SET  OF  PREFERRED  EMBODIMENTS 

1 0  

S i n c e   f r o m   t h e   a b o v e   d e s c r i b e d   f i r s t   t h r o u g h   t h e  

s i x t h   s e t s   of  p r e f e r r e d   e m b o d i m e n t s   t h e   f a c t   h a s   b e e n  

a m p l y   e s t a b l i s h e d   and  d e m o n s t r a t e d   t h a t   i t   i s   p r e f e r a b l e  

f o r   t h e   c o p p e r   c o n t e n t   of   t h e   A l - C u - M g   t y p e   a l u m i n u m  

15  a l l o y   m a t r i x   m e t a l   t o   be  in   t h e   r a n g e   of   f r o m  

a p p r o x i m a t e l y   2%  to   a p p r o x i m a t e l y   6%,  and   p a r t i c u l a r l y   t o  

be  in   t h e   r a n g e   of   f r o m   a p p r o x i m a t e l y   2%  t o   a p p r o x i m a t e l y  

5 . 5 % ,   and  t h a t   i t   i s   p r e f e r a b l e   t h a t   t h e   m a g n e s i u m  

c o n t e n t   of   s a i d   A l - C u - M g   t y p e   a l u m i n u m   a l l o y   m a t r i x   m e t a l  

20  t o   be  in   t h e   r a n g e   of  f r o m   a p p r o x i m a t e l y   2%  t o  

a p p r o x i m a t e l y   4%,  and  p a r t i c u l a r l y   t o   be  in   t h e   r a n g e   o f  

f r o m   a p p r o x i m a t e l y   2%  to   a p p r o x i m a t e l y   3 .5%,   i t   i s   n o w  

g e r m a n e   to   p r o v i d e   a  s e t   of   t e s t s   t o   e s t a b l i s h   w h a t   f i b e r  

v o l u m e   p r o p o r t i o n   of  t h e   r e i n f o r c i n g   s i l i c o n   c a r b i d e  

25  s h o r t   f i b e r s   i s   m o s t   a p p r o p r i a t e .   T h i s   was  d o n e ,   in   t h e  

s e v e n t h   s e t   of  p r e f e r r e d   e m b o d i m e n t s   now  d e s c r i b e d ,   b y  
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v a r y i n g   s a i d   f i b e r   v o l u m e   p r o p o r t i o n   of  t h e   r e i n f o r c i n g  

s i l i c o n   c a r b i d e   w h i s k e r   m a t e r i a l   w h i l e   u s i n g   an  A l - C u - M g  

t y p e   a l u m i n u m   a l l o y   m a t r i x   m e t a l   w h i c h   had   t h e  

p r o p o r t i o n s   of   c o p p e r   and   m a g n e s i u m   w h i c h   had   a s  

5  d e s c r i b e d   a b o v e   b e e n   e s t a b l i s h e d   as   b e i n g   q u i t e   g o o d ,  

i . e .   w h i c h   had   c o p p e r   c o n t e n t   of  a p p r o x i m a t e l y   3%  a n d  

a l s o   m a g n e s i u m   c o n t e n t   of   a p p r o x i m a t e l y   3%  and   r e m a i n d e r  

s u b s t a n t i a l l y   a l u m i n u m .   In  o t h e r   w o r d s ,   an  a p p r o p r i a t e  

n u m b e r   of   s i l i c o n   c a r b i d e   w h i s k e r   m a t e r i a l   p r e f o r m s   w e r e  

10  as  b e f o r e   made  by ,   in   e a c h   c a s e ,   s u b j e c t i n g   a  q u a n t i t y   o f  

t h e   t y p e   of   s i l i c o n   c a r b i d e   w h i s k e r   m a t e r i a l   u t i l i z e d   i n  

t h e   c a s e   of   t h e   f i r s t   s e t   of   p r e f e r r e d   e m b o d i m e n t s  

d e s c r i b e d   a b o v e   t o   c o m p r e s s i o n   f o r m i n g   w i t h o u t   u s i n g   a n y  

b i n d e r ,   t h e   v a r i o u s   o n e s   of   s a i d   s i l i c o n   c a r b i d e   w h i s k e r  

15  m a t e r i a l   p r e f o r m s   h a v i n g   f i b e r   v o l u m e   p r o p o r t i o n s   o f  

a p p r o x i m a t e l y   0%,  5%,  10%,  25%,  30%,  40%,  and   50%.  T h e s e  

p r e f o r m s   h a d   s u b s t a n t i a l l y   t h e   same  d i m e n s i o n s   and   t h e  

same  t y p e   of   t h r e e   d i m e n s i o n a l   r a n d o m   f i b e r   o r i e n t a t i o n  

as  t h e   p r e f o r m s   of   t h e   f i r s t   s e t   of   p r e f e r r e d  

20  e m b o d i m e n t s .   And,  s u b s t a n t i a l l y   as   b e f o r e ,   e a c h   of  t h e s e  

s i l i c o n   c a r b i d e   w h i s k e r   m a t e r i a l   p r e f o r m s   was  s u b j e c t e d  

to   h i g h   p r e s s u r e   c a s t i n g   t o g e t h e r   w i t h   an  a p p r o p r i a t e  

q u a n t i t y   of   one   of  t h e   a l u m i n u m   a l l o y   m a t r i x   m e t a l  

d e s c r i b e d   a b o v e ,   u t i l i z i n g   o p e r a t i o n a l   p a r a m e t e r s  

25  s u b s t a n t i a l l y   as  b e f o r e .   The  s o l i d i f i e d   a l u m i n u m   a l l o y  

mass   w i t h   t h e   p r e f o r m   i n c l u d e d   t h e r e i n   was  t h e n   r e m o v e d  
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f r o m   t h e   c a s t i n g   m o l d ,   and   as  b e f o r e   t h e   p e r i p h e r a l  

p o r t i o n   of   s a i d   s o l i d i f i e d   a l u m i n u m   a l l o y   mass   w a s  

m a c h i n e d   a w a y ,   l e a v i n g   o n l y   a  s a m p l e   p i e c e   of  c o m p o s i t e  

m a t e r i a l   w h i c h   h a d   s i l i c o n   c a r b i d e   f i b e r   w h i s k e r   m a t e r i a l  

5  as   r e i n f o r c i n g   m a t e r i a l   in   t h e   a p p r o p r i a t e   f i b e r   v o l u m e  

p r o p o r t i o n   and   t h e   d e s c r i b e d   a l u m i n u m   a l l o y   as   m a t r i x  

m e t a l .   And  p o s t   p r o c e s s i n g   s t e p s   w e r e   p e r f o r m e d   on  t h e  

c o m p o s i t e   m a t e r i a l   s a m p l e s ,   s i m i l a r l y   t o   w h a t   was  d o n e  

b e f o r e :   t h e   c o m p o s i t e   m a t e r i a l   s a m p l e s   w e r e   s u b j e c t e d   t o  

10  l i q u i d i z i n g   p r o c e s s i n g   a t   a  t e m p e r a t u r e   of  a p p r o x i m a t e l y  

500  °C  f o r   a p p r o x i m a t e l y   8  h o u r s ,   and   t h e n   w e r e   s u b j e c t e d  

t o   a r t i f i c i a l   a g i n g   p r o c e s s i n g   a t   a  t e m p e r a t u r e   o f  

a p p r o x i m a t e l y   160  °C  f o r   a p p r o x i m a t e l y   8  h o u r s .   Prom  e a c h  

o f   t h e   c o m p o s i t e   m a t e r i a l   s a m p l e   p i e c e s   m a n u f a c t u r e d   a s  

L5  d e s c r i b e d   a b o v e ,   t o   w h i c h   h e a t   t r e a t m e n t   had   b e e n  

a p p l i e d ,   t h e r e   w e r e   t h e n   c u t   two  b e n d i n g   s t r e n g t h   t e s t  

p i e c e s ,   e a c h   of  d i m e n s i o n s   s u b s t a n t i a l l y   as   in   t h e   c a s e  

of   t h e   f i r s t   s e t   of   p r e f e r r e d   e m b o d i m e n t s ,   and   f o r   e a c h  

of   t h e s e   c o m p o s i t e   m a t e r i a l   b e n d i n g   s t r e n g t h   t e s t   p i e c e s  

10  a  b e n d i n g   s t r e n g t h   t e s t   was  c a r r i e d   o u t ,   a g a i n  

s u b s t a n t i a l l y   as   b e f o r e .   The  r e s u l t s   of   t h e s e   b e n d i n g  

s t r e n g t h   t e s t s   w e r e   as  shown  in   t h e   g r a p h   of  F i g .   1 5 ,  

w h i c h   s h o w s   t h e   r e l a t i o n   b e t w e e n   t h e   v o l u m e   p r o p o r t i o n   o f  

t h e   s i l i c o n   c a r b i d e   s h o r t   r e i n f o r c i n g   f i b e r s   and  t h e  

15  b e n d i n g   s t r e n g t h   ( i n   kg/mm2  )  of   t h e   c o m p o s i t e   m a t e r i a l  

t e s t   p i e c e s .  
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From  F i g .   15,  i t   w i l l   be  u n d e r s t o o d   t h a t :   when  t h e  

v o l u m e   p r o p o r t i o n   of  t h e   s i l i c o n   c a r b i d e   s h o r t  

r e i n f o r c i n g   f i b e r s   was  in   t h e   r a n g e   of  up  t o   a n d  

i n c l u d i n g   a p p r o x i m a t e l y   5%  t h e   b e n d i n g   s t r e n g t h   of   t h e  

5  c o m p o s i t e   m a t e r i a l   h a r d l y   i n c r e a s e d   a l o n g   w i t h   a n  

i n c r e a s e   i n   t h e   f i b e r   v o l u m e   p r o p o r t i o n ,   and   i t s   v a l u e  

was  c l o s e   t o   t h e   b e n d i n g   s t r e n g t h   of  t h e   a l u m i n u m   a l l o y  

m a t r i x   m e t a l   by  i t s e l f   w i t h   no  r e i n f o r c i n g   f i b e r   m a t e r i a l  

a d m i x t u r e d   t h e r e w i t h ;   when  t h e   v o l u m e   p r o p o r t i o n   of  t h e  

10  s i l i c o n   c a r b i d e   s h o r t   r e i n f o r c i n g   f i b e r s   was  in   t h e   r a n g e  

of   5%  t o   40%  t h e   b e n d i n g   s t r e n g t h   of  t h e   c o m p o s i t e  

m a t e r i a l   i n c r e a s e d   g r e a t l y ,   and   s u b s t a n t i a l l y   l i n e a r l y  

a l o n g   w i t h   i n c r e a s i n g   f i b e r   v o l u m e   p r o p o r t i o n ;   a n d ,   w h e n  

t h e   v o l u m e   p r o p o r t i o n   of   t h e   s i l i c o n   c a r b i d e   s h o r t  

15  r e i n f o r c i n g   f i b e r s   i n c r e a s e d   a b o v e   40%,  t h e   b e n d i n g  

s t r e n g t h   of   t h e   c o m p o s i t e   m a t e r i a l   h a r d l y   i n c r e a s e d   a l o n g  

w i t h   a n y   f u r t h e r   i n c r e a s e   i n   t h e   f i b e r   v o l u m e   p r o p o r t i o n ,  

b u t   r e m a i n e d   s u b s t a n t i a l l y   c o n s t a n t .  

20  QTHER_EMBODIMENTS 

A l t h o u g h   no  p a r t i c u l a r   d e t a i l s   t h e r e o f   a r e   g i v e n   i n  

t h e   i n t e r e s t s   of   b r e v i t y   of   d e s c r i p t i o n ,   in   f a c t   t w o  

o t h e r   s e t s   of   p r e f e r r e d   e m b o d i m e n t s   s i m i l a r   to   t h e  

25  s e v e n t h   s e t   of   p r e f e r r e d   e m b o d i m e n t s   d e s c r i b e d   a b o v e   w e r e  

p r o d u c e d ,   in   a  s i m i l a r   m a n n e r   t o   t h a t   d e s c r i b e d   a b o v e ,  
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b u t   d i f f e r i n g   in   t h a t   i n   one   of  t hem  t h e   A l - C u - M g   t y p e  

a l u m i n u m   a l l o y   m a t r i x   m e t a l   u t i l i z e d   t h e r e i n   h a d   c o p p e r  

c o n t e n t   of   a p p r o x i m a t e l y   2%  and   m a g n e s i u m   c o n t e n t   o f  

a p p r o x i m a t e l y   4%  and   r e m a i n d e r   s u b s t a n t i a l l y   a l u m i n u m ,  

5  and   i n   t h e   o t h e r   one   of  t h e m   s a i d   A l - C u - M g   t y p e   a l u m i n u m  

a l l o y   m a t r i x   m e t a l   u t i l i z e d   t h e r e i n   had  c o p p e r   c o n t e n t   o f  

a p p r o x i m a t e l y   6*  and   m a g n e s i u m   c o n t e n t   of  a p p r o x i m a t e l y  

2h  and   r e m a i n d e r   s u b s t a n t i a l l y   a l u m i n u m ;   and   b e n d i n g  

s t r e n g t h   t e s t s   of   t h e   same  t y p e s   as  c o n d u c t e d   in   t h e  

10  s e v e n t h   s e t   of   p r e f e r r e d   e m b o d i m e n t s   d e s c r i b e d   a b o v e   w e r e  

c a r r i e d   o u t   on  s i m i l a r   b e n d i n g   t e s t   s a m p l e s .   The  r e s u l t s  

o f   t h e s e   b e n d i n g   s t r e n g t h   t e s t s   w e r e   s i m i l a r   t o   t h o s e  

d e s c r i b e d   a b o v e   f o r   s a i d   s e v e n t h   s e t   of  p r e f e r r e d  

e m b o d i m e n t s   and   shown  in   F i g .   15,  and  t h e   c o n c l u s i o n s  

15  d r a w n   t h e r e f r o m   w e r e   a c c o r d i n g l y   s i m i l a r .  

F u r t h e r ,   a l t h o u g h   a g a i n   no  p a r t i c u l a r   d e t a i l s  

t h e r e o f   a r e   g i v e n   in   t h e   i n t e r e s t s   of  b r e v i t y   o f  

d e s c r i p t i o n ,   a n o t h e r   s e t   of   p r e f e r r e d   e m b o d i m e n t s   s i m i l a r  

20  t o   t h e   s e v e n t h   s e t   of  p r e f e r r e d   e m b o d i m e n t s   d e s c r i b e d  

a b o v e   was  p r o d u c e d ,   in   a  s i m i l a r   m a n n e r   t o   t h a t   d e s c r i b e d  

a b o v e ,   w i t h   t h e   A l - C u - M g   t y p e   a l u m i n u m   a l l o y   m a t r i x   m e t a l  

u t i l i z e d   t h e r e i n   s i m i l a r l y   h a v i n g   c o p p e r   c o n t e n t   o f  

a p p r o x i m a t e l y   3*  and   a l s o   m a g n e s i u m   c o n t e n t   o f  

25  a p p r o x i m a t e l y   3*  and  r e m a i n d e r   s u b s t a n t i a l l y   a l u m i n u m ,  

b u t   now  u t i l i z i n g   a  t y p e   of  s i l i c o n   c a r b i d e   s h o r t   f i b e r  
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r e i n f o r c i n g   m a t e r i a l   t h e   same  as  t h a t   u s e d   in   t h e   f o u r t h  

s e t   of   p r e f e r r e d   e m b o d i m e n t s   d e s c r i b e d   a b o v e ;   a n d  

b e n d i n g   s t r e n g t h   t e s t s   of   t h e   same  t y p e   as   c o n d u c t e d   i n  

t h e   s e v e n t h   s e t   of  p r e f e r r e d   e m b o d i m e n t s   d e s c r i b e d   a b o v e  

5  w e r e   c a r r i e d   o u t   on  s i m i l a r   b e n d i n g   t e s t   s a m p l e s .   T h e  

r e s u l t s   of  t h e s e   b e n d i n g   s t r e n g t h   t e s t s   w e r e   a n a l o g o u s   t o  

t h o s e   d e s c r i b e d   a b o v e   f o r   s a i d   s e v e n t h   s e t   of   p r e f e r r e d  

e m b o d i m e n t s   and   shown  in   F i g .   15,  and   e x h i b i t e d   t h e   s a m e  

t r e n d s ;   t h e   c o n c l u s i o n s   d r a w n   t h e r e f r o m   w e r e   a c c o r d i n g l y  

10  a g a i n   s i m i l a r .  

From  t h e s e   r e s u l t s   d e s c r i b e d   a b o v e ,   i t   i s   s e e n   t h a t  

in   a  c o m p o s i t e   m a t e r i a l   h a v i n g   s i l i c o n   c a r b i d e   s h o r t  

f i b e r   r e i n f o r c i n g   m a t e r i a l   and  h a v i n g   as   m a t r i x   m e t a l   a n  

15  A l - C u - M g   t y p e   a l u m i n u m   a l l o y ,   s a i d   A l - C u - M g   t y p e   a l u m i n u m  

a l l o y   m a t r i x   m e t a l   h a v i n g   a  c o p p e r   c o n t e n t   in   t h e   r a n g e  

of   f r o m   a p p r o x i m a t e l y   2%  t o   a p p r o x i m a t e l y   6*,   a  m a g n e s i u m  

c o n t e n t   in   t h e   r a n g e   of   f r o m   a p p r o x i m a t e l y   2%  t o  

a p p r o x i m a t e l y   4*,  and   r e m a i n d e r   s u b s t a n t i a l l y   a l u m i n u m ,  

20  i t   i s   p r e f e r a b l e   t h a t   t h e   f i b e r   v o l u m e   p r o p o r t i o n   of   t h e  

s i l i c o n   c a r b i d e   s h o r t   f i b e r   r e i n f o r c i n g   m a t e r i a l   s h o u l d  

be  i n   t h e   r a n g e   of  f r o m   a p p r o x i m a t e l y   5*  t o   a p p r o x i m a t e l y  

50%,  and   more   p r e f e r a b l y   s h o u l d   be  i n   t h e   r a n g e   of  f r o m  

a p p r o x i m a t e l y   5%  to   a p p r o x i m a t e l y   40%.  

2 5  
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A i t n o u g n   t h e   p r e s e n t   i n v e n t i o n   h a s   b e e n   shown  a n d  

d e s c r i b e d   in   t e r m s   of   c e r t a i n   s e t s   of   p r e f e r r e d  

5  e m b o d i m e n t s   t h e r e o f ,   and   w i t h   r e f e r e n c e   t o   t h e   a p p e n d e d  

d r a w i n g s ,   i t   s h o u l d   n o t   be  c o n s i d e r e d   as   b e i n g  

p a r t i c u l a r l y   l i m i t e d   t h e r e b y .   The  d e t a i l s   of  a n y  

p a r t i c u l a r   e m b o d i m e n t ,   or   of   t h e   d r a w i n g s ,   c o u l d   b e  

v a r i e d   w i t h o u t ,   in   many  c a s e s ,   d e p a r t i n g   f r o m   t h e   a m b i t  

10  of   t h e   p r e s e n t   i n v e n t i o n .   A c c o r d i n g l y ,   t h e   s c o p e   of   t h e  

p r e s e n t   i n v e n t i o n   i s   t o   be  c o n s i d e r e d   as   b e i n g   d e l i m i t e d ,  

n o t   by  a n y   p a r t i c u l a r   p e r h a p s   e n t i r e l y   f o r t u i t o u s   d e t a i l s  

of  t h e   d i s c l o s e d   p r e f e r r e d   e m b o d i m e n t s ,   or   of   t h e  

d r a w i n g s ,   b u t   s o l e l y   by  t h e   l e g i t i m a t e   and   p r o p e r l y  

L5  i n t e r p r e t e d   s c o p e   of   t h e   a c c o m p a n y i n g   c l a i m s ,   w h i c h  

f o l l o w   a f t e r   t h e   T a b l e s .  
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TABLE_1 

ALLOY  NO.  COPPER  CONTENT  MAGNESIUM  CONTENT 
(WT  %)  (WT  %) 

Al  1 . 5 0   1 . 0 2  

A2  1 . 4 8   2 . 0 0  

A3  1 . 4 5   4 . 0 2  

A4  2 . 0 4   0 . 0 4  

A5  2 . 0 4   1 . 0 2  

A6  2 . 0 3   1 . 9 8  

A7  2 . 0 0   2 . 9 5  

A8  1 . 9 6   3 . 4 5  

A9  1 . 9 6   3 . 9 5  

A10  3 . 0 3   0 . 0 3  

A l l   2 . 9 7   1 . 0 4  

A12  2 . 9 5   2 . 0 2  

A13  2 . 9 6   3 . 0 3  

A14  2 . 9 5   3 . 4 9  

A15  2 . 9 7   3 . 9 7  

A16  2 . 9 5   4 . 4 5  

A17  4 . 0 4   1 . 0 2  

A18  4 . 0 2   1 . 9 6  

A19  3 . 9 8   3 . 0 0  
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A20  3 . 9 5   3 . 4 7  

A21  3 . 9 6   3 . 9 7  

A22  3 . 9 7   4 . 4 5  

A23  4 . 5 4   0 . 0 5  

A24  5 . 0 3   1 . 0 0  

A25  4 . 9 6   2 . 0 4  

A26  4 . 9 7   3 . 0 0  

A27  4 . 9 6   3 . 4 7  

A28  4 . 9 7   3 . 9 6  

A29  4 . 9 5   4 . 4 6  

A30  5 . 5 2   1 . 0 2  

A31  5 . 5 1   2 . 0 1  

A32  5 . 4 9   2 . 9 8  

A33  5 . 4 5   3 . 9 7  

A34  5 . 5 4   0 . 0 4  

A35  5 . 9 5   0 . 9 5  

A36  5 . 9 7   2 . 0 1  

A37  5 . 9 8   2 . 9 5  

A38  5 . 9 7   3 . 4 6  

A39  5 . 9 6   3 . 9 9  

A40  5 . 9 7   4 . 4 7 .  

A41  6 . 4 9   1 . 0 1  

A42  6 . 4 7   1 . 9 8  

A43  6 . 4 8   3 . 4 6  

A44  6 . 4 5   3 . 9 9  
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i£ jBLE_2 

C o p p e r   H 

l.S>  2  2 . 5   3  3 . 5   4  4 . 5   5  5 . 5   6  6 . !  

Mg  % 

0  —  69  —  71  —  —  73  —  —  7 5  

1  70  75  —  80  —  80  —  81  82  82  71  

2  76  83  —  85  —  87  —  85  84  84  7 2  

3  —  88  —  93  —  92  —  88  86  8 3  

3 .5   —  86  —  89  —  88  —  86  —  84  71  

4  79  84  —  86  —  87  —  85  84  84  7 0  

5.5  —  —  —  81  —  81  —  79  —  7 7  
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T A g L E _ 3  

ALLOY  NO.  COPPER  CONTENT  MAGNESIUM  CONTENT 
(WT  %)  (WT  %) 

Bl  1 . 5 0   1 . 0 2  

B2  1 . 4 8   2 . 0 0  

B3  1 . 4 5   4 . 0 2  

B4  2 . 0 4   1 . 0 2  

B5  2 . 0 3   1 . 9 8  

B6  2 . 0 0   2 . 9 5  

B7  1 . 9 6   3 . 4 5  

B8  1 . 9 6   3 . 9 5  

B9  2 . 9 7   1 . 0 4  

BIO  2 . 9 5   2 . 0 2  

B l l   2 . 9 6   3 . 0 3  

B12  2 . 9 5   3 . 4 9  

B13  2 . 9 7   3 . 9 7  

B14  2 . 9 5   4 . 4 5  

B15  4 . 0 4   1 . 0 2  

B16  4 . 0 2   1 . 9 6  

B17  3 . 9 8   3 . 0 0  

B18  3 . 9 5   3 . 4 7  

B19  3 . 9 6   3 . 9 7  

B20  3 . 9 7   4 . 4 5  

B21  5 . 0 3   1 . 0 0  
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B22  4 . 9 6   2 . 0 4  

B23  4 . 9 7   3 . 0 0  

B24  4 . 9 6   3 . 4 7  

B25  4 . 9 7   3 . 9 6  

B26  4 . 9 5   4 . 4 6  

B27  5 . 5 2   1 . 0 2  

B28  5 . 5 1   2 . 0 1  

B29  5 . 4 5   3 . 9 7  

B30  5 . 9 5   0 . 9 5  

B31  5 . 9 7   2 . 0 1  

B32  5 . 9 8   2 . 9 5  

B33  5 . 9 7   3 . 4 6  

B34  5 . 9 6   3 . 9 9  

B35  5 . 9 7   4 . 4 7  

B36  6 . 4 9   1 . 0 1  

•B37  6 . 4 7   "  1 . 9 8  

B38  6 . 4 8   3 . 4 6  

B39  6 . 4 5   3 . 9 9  
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i « g L E _ 4  

C o p p e r   % 

i - 5   2  2 . 5   3  3 . 5   4  4 . 5   5  5 . 5   6  6 . 5  

Mg  * 

0  

0 . 5  

1  47  50  —  50  —  59  —  54  54  53  4 6  

1 . 5   —  —  —  —  —  __  ,__  __  : 

2  48  64  —  65  —  62  —  60  59  57  4 8  

2 . 5  

3  —  60  —  63  —  65  —  64  —  63  

3-5   —  60  —  62  —  63  —  62  —  60  5 4  

4  53  58  —  60  —  61  —  60  59  58  5 3  

4 .5   —  —  —  52  —  53  —  54  —  5 3  
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TABLE_5 

C o p p e r   * 

1 . 5   2  2 . 5   3  3 . 5   4  4 . 5   5  5 .5   6  6 . 5  

Mg  % 

1  44  49  —  50  —  55  —  52  51  50  44  

2  45  55  —  62  —  60  —  56  55  54  4 7  

3  —  58  —  60  —  61  —  60  —  5 7  

4  46  56  —  57  —  58  —  57  56  55  4 6  

4 . 5   —  —  - -   49  —  50  —  48  —  4 7  
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C o p p e r   % 

1 . 5   2  2 . 5   3  3 . 5   4  4 . 5   5  5 . 5   6  6 . 5  

Mg  % 

0 

0 . 5  

1  51  55  —  57  —  65  —  61  59  57  5 2  

1 . 5  

2  53  65  —  67  —  69  —  68  66  65  5 5  

2 . 5  

3  —  68  —  70  —  71  —  70  —  6 8  

3 . 5   —  65  —  69  —  70  —  68  - -   66  5 9  

4  57  63  —  68  —  67  —  65  63  64  5 7  

4 . 5   —  —  —  59  —  57  —  54  —  54  
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TABLE_7 

C o p p e r   % 

1 .5   2  2 .5   3  3 . 5   4  4 . 5   5  5 . 5   6  6 . 5  

Mg  H 

0 

0 . 5  

1  53  59  —  63  —  65  —  66  65  62  5 5  

1 . 5  

2  55  62  —  71  —  73  —  70  69  67  5 7  

2 . 5  

3  —  70  —  74  —  75  —  73  —  7 0  

3 . 5  

4  54  68  —  69  —  70  —  68  67  65  5 6  

4 . 5   —  —  —  60  —  61  —  59  —  5 7  
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TABLE_8 

C o p p e r   % 

1 . 5   2  2 . 5   3  3 . 5   4  4 . 5   5  5 . 5   6  6 . 5  

Mg  % 

0 

0 . 5  

1  88  91  —  93  —  96  —  92  91  90  8 4  

1 . 5  

2  90  99  —  102  —  104  —  102  101  100  8 9  

2 . 5  

3  —  102  —  108  —  109  —  106  104  103  —  

3 . 5   —  100  —  105  —  106  —  102  —  100  9 1  

4  91  98  —  101  —  104  —  100  99  99  8 9  

4 . 5   —  —  —  90  —  91  —  88  —  8 7  
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WHAT  IS  CLAIMED  I S :  

1.  A  c o m p o s i t e   m a t e r i a l ,   c o m p r i s i n g   s i l i c o n   c a r b i d e  

s h o r t   f i b e r s   e m b e d d e d   i n   a  m a t r i x   of   m e t a l ,   t h e   f i b e r  

v o l u m e   p r o p o r t i o n   of   s a i d   s i l i c o n   c a r b i d e   s h o r t   f i b e r s  

b e i n g   b e t w e e n   a p p r o x i m a t e l y   5%  and   a p p r o x i m a t e l y   50%,  a n d  

s a i d   m e t a l   b e i n g   an  a l l o y   c o n s i s t i n g   e s s e n t i a l l y   o f  

b e t w e e n   a p p r o x i m a t e l y   2%  t o   a p p r o x i m a t e l y   6%  of   c o p p e r ,  

b e t w e e n   a p p r o x i m a t e l y   2%  t o   a p p r o x i m a t e l y   4%  o f  

m a g n e s i u m ,   and   r e m a i n d e r   s u b s t a n t i a l l y   a l u m i n u m .  

2.  A  c o m p o s i t e   m a t e r i a l   a c c o r d i n g   t o   c l a i m   1,  w h e r e i n  

t h e   f i b e r   v o l u m e   p r o p o r t i o n   of   s a i d   s i l i c o n   c a r b i d e   s h o r t  

f i b e r s   i s   b e t w e e n   a p p r o x i m a t e l y   5%  and   a p p r o x i m a t e l y   40%.  

3.  A  c o m p o s i t e   m a t e r i a l   a c c o r d i n g   t o   c l a i m   1  o r   c l a i m  

2,  w h e r e i n   t h e   c o p p e r   c o n t e n t   of   s a i d   a l u m i n u m   a l l o y  

m a t r i x   m e t a l   i s   b e t w e e n   a p p r o x i m a t e l y   2%  and   a p p r o x i m a t e l y  

5 . 5 % .  
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4.  A  c o m p o s i t e   m a t e r i a l   a c c o r d i n g   t o   c l a i m   1  or   c l a i m  

2,  w h e r e i n   t h e   m a g n e s i u m   c o n t e n t   of   s a i d   a l u m i n u m   a l l o y  

m a t r i x   m e t a l   i s   b e t w e e n   a p p r o x i m a t e l y   2%  and   a p p r o x i m a t e l y  

3 . 5 % .  

5.  A  c o m p o s i t e   m a t e r i a l   a c c o r d i n g   t o   c l a i m   3,  w h e r e i n  

t h e   m a g n e s i u m   c o n t e n t   o f   s a i d   a l u m i n u m   a l l o y   m a t r i x   m e t a l  

i s   b e t w e e n   a p p r o x i m a t e l y   2%  and   a p p r o x i m a t e l y   3 . 5 % .  
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3 



0 2 0 7 3 1 4  

1 / 1 4  

F I G .   1  

F I G .   2  



2 / 1 4  

0 2 0 7 3 1 4  

Cu  C O N T E N T   ( % )  



3 / 1 4  

F I G .   4  

0 2 0 7 3 1 4  

E M B O D I M E N T   1 

Mg  C O N T E N T   ( % )  



7 0  

4 / 1 4  

F I G .   5  

E M B O D I M E N T   2  

'  '  0 2 0 7 3  

?   6 5  

bo 
M 
w  6 0  

5 5  

CO 

5 0  

4 5  

A l - C u - 2 M g  
Al  -  Cu  -  3 M g  

A l - C u - 3 . 5 M g  

A t - C u - J M g  

0  
0  ~5 6~ 

Cu  C O N T E N T   ( % )  



5 / 1 4  

F I G .   6  

E M B O D I M E N T   2  



6 / 1 4  

F I G .   7  

E M B O D I M E N T   3 

7 0 r  

Cu  C O N T E N T   ( % )  



7 / 1 4  

F I G .   8  

E M B O D I M E N T   3 

7 0 r  

Mg  C O N T E N T   ( % )  



8 / 1 4  

0 2 0 7 3 1 4  

P I G .   9  

E M B O D I M E N T   4 

Cu  C O N T E N T   ( % )  



9 / 1 4  

0 2 0 7 o 1 4  

F I G .   1 0  

E M B O D I M E N T   4 

7 5  

7 0  
A L - 4 C u -  

A l - 5 C u - M g  

/ A l - 3 C u - M g  

6 5  

bo 
M 

I 6 5  

8  

O  
5  
p  
§ 5 5  

5 0  A l - 6 . 5 C u - M g  

0.  
0  2  3  4  

Mg  C O N T E N T   ( % )  



C 2 0 7 3 1 4  

1 0 / 1 4  

F I G .   1 1  

E M B O D I M E N T   5 

8 0 r  

7  

Cu  C O N T E N T   ( % )  



1 1 / 1 4  

.  0 2 0 7 3 - 1 4  

P I G .   1 2  

Mg  C O N T E N T   ( % )  



1 2 / 1 4  

F I G .   1 3  

0 2 9 7 3 1   4  

E M B O D I M E N T   6 

7  
Cu  C O N T E N T   ( % )  



1 3 / 1 4  

0 2 0 7 3 1 4  

F I G .   1 4  

E M B O D I M E N T   6 

l i O h  

8 0 -  

0  
'  1  1  1  1  L 

0  1 2   3  4  5  

Mg  C O N T E N T   ( % )  

I 



0 2 0 7 3 1 4  

1 4 / 1 4  

F I G .   1 5  

E M B O D I M E N T   7 

! 4 0 r  

1 2 0 -  

2 0 -  

0"  1  1  1  1  1  i 
O  10  20   30  4 0   50   6 0  

FIBER  VOLUME  P R O P O R T I O N   ( % )  



J  European  Patent 
Office 

EUROPEAN  SEARCH  REPORT 

0 2 0 7 3 1 4  

Application  number 

EP  86  10  7 5 4 2  

DOCUMENTS  CONSIDERED  TO  BE  RELEVANT 

category citation  ot  document  with  indication,  where  appropriate, of  relevant  passages 
Relevant 
to  claim 

CLASSIFICATION  OF  THE 
APPLICATION  (Int.  CM) 

ALUMINIUM,  v o l .   50,  no.   1 2 ,  
1974 ,   p a g e s   7 6 5 - 7 7 0 ,   D u s s e l d o r f ,  
DE;  K.F .   SAHM:  " H e r s t e l l u n g   u n d  
E i g e n s c h a f   t e n  
k u r z f   a s e r v e r s t a r k t e r  
A l u m i n i u m l e g i e r u n g e n "  
*  Whole  a r t i c l e   * 

FR-A-2  030  043  (UNITED  AIRCRAFT 
CORP  .  ) 
*  C l a i m s   1 , 8 , 1 1   * 

C  22  C  1 / 0 9  

TECHNICAL  FIELDS 
SEARCHED  (Int.  CM  j 

C  22  C  1 / 0 9  

me  present  search  report  has  been  drawn  up  tor  all  claims 

Place  of  search THE  HAGUE 0*2  CJ  o°le!i0§  *e8rch l i p p e n s   H c e r .  

CATEGORY  OF  CITED  DOCUMENTS 
X  :  particularly  relevant  if  taken  alone Y  :  particularly  relevant  if  combined  with  another 

document  of  the  same  category A  :  technological  background 0  :  non-written  disclosure P  :  intermediate  document 

T  :  theory  or  principle  underlying  the  invention 
E  :  earlier  patent  document,  but  published  on.  or after  the  filing  date 
D  :  document  cited  in  the  application L  :  document  cited  for  other  reasons 
&  :  member  of  the  same  patent  family,  corresponding 

document 


	bibliography
	description
	claims
	drawings
	search report

