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(3)  Frangible  projectile  body. 

A  frangible  projectile  body  (which  fragments  upon 
impact  with  a  target)  is  a  die-casting  formed  of  a  brittle  zinc- 
based  alloy,  preferably  having  a  dynamic  yield  strength  of 
more  than  35  ksi.  Neither  a  polymeric  binder  nor  an  encap- 
sulating  polymer  is  needed  for  the  projectile,  which  may  be 
used.  for  example,  as  a  target  practice  round. 



The  p r e s e n t   i n v e n t i o n   i s   c o n c e r n e d   w i t h  

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

i s ,   b o d i e s   w h i c h   f r a g m e n t   upon   i m p a c t   w i t h   a  t a r g e t ) .  

I t   i s   known  t h a t   r i c o c h e t   of   a m m u n i t i o n  

p r o j e c t i l e s ,   s u c h   as  t a r g e t   p r a c t i c e   r o u n d s ,   c a n  

g i v e   r i s e   to   u n d e s i r a b l e   h a z a r d s ,   p a r t i c u l a r l y   w h e n  

t h e   p r o j e c t i l e   i s   f i r e d   f r o m   an  a i r c r a f t   a t   a  l o w  

a n g l e   r e l a t i v e   t o   t h e   t a r g e t .   T h i s   p h e n o m e n o n   o f  

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

F i g u r e   1  of  t h e   a c c o m p a n y i n g   d r a w i n g s ,   in   w h i c h  

t h e   d i m e n s i o n s   shown  a r e   i l l u s t r a t i v e   of  t h o s e  

e n c o u n t e r e d   u s i n g   20  mm.  a m m u n i t i o n .  

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

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

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

U . S .   P a t e n t s   2 , 9 9 5 , 0 9 0 ,   3 , 5 7 0 , 4 0 6 ,   3 9 0 2 , 6 8 3   a n d  

3 , 9 5 1 , 0 3 5 .   Such   p r o j e c t i l e s   g e n e r a l l y   have   a  b o d y  

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

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

b i n d e r .   Such   b o d i e s   r e q u i r e   s p e c i a l   p r o c e s s i n g .  

We  h a v e   now  d e v e l o p e d   a  f r a n g i b l e  

a m m u n i t i o n   p r o j e c t i l e   w h i c h   r e q u i r e s   n e i t h e r   a  

p o l y m e r i c   b i n d e r   no r   an  e n c a p s u l a t i n g   p o l y m e r .  

A c c o r d i n g   to   t he   i n v e n t i o n ,   t h e r e   i s  

p r o v i d e d   a  f r a n g i b l e   a m m u n i t i o n   p r o j e c t i l e ,   a t  



l e a s t   t h e   body   of  w h i c h   i s   a  d i e - c a s t i n g   f o r m e d   o f  

a  b r i t t l e   z i n c - b a s e d   a l l o y .  

The  p r o j e c t i l e s   a c c o r d i n g   to   t h e  

i n v e n t i o n   may  be ,   f o r   e x a m p l e ,   t a r g e t   p r a c t i c e  

r o u n d s   or  r o u n d s   f o r   s h o r t - r a n g e   u s e .  

The  z i n c - b a s e d   a l l o y   w h i c h   c o n s t i t u t e s  

t h e   b o d y   of  t h e   p r o j e c t i l e   a c c o r d i n g   to   t h e   i n v e n t i o n  

s h o u l d   be  one  w h i c h   c o n s i s t s   of  a  z i n c   m a t r i x   a n d  

one  or  more  e m b r i t t l i n g   a l l o y i n g   e l e m e n t s   ( t h a t   i s ,  

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

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

c o m p o u n d s   f o r m e d   by  t h e   z i n c   m a t r i x   and  t h e   a l l o y i n g  
e l e m e n t ( s )   ).   The  a l l o y   p r e f e r a b l y   c o n t a i n s   a t  

l e a s t   80%  by  w e i g h t ,   more   p r e f e r a b l y ,   at   l e a s t  

85%  by  w e i g h t  o f   z i n c .   S u c h   a  z i n c - b a s e d   a l l o y  

p r e f e r a b l y   c o n t a i n s   a l u m i n i u m   in   an  a m o u n t   of  u p  
to   12%  by  w e i g h t   (more   p r e f e r a b l y   8  to   12%  b y  

w e i g h t )   and ,   o p t i o n a l l y ,   a  m i n o r   a m o u n t   of  o t h e r  

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

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

up  to   0.1%  by  w e i g h t .   O t h e r   z i n c - b a s e d   a l l o y s  
w h i c h   may  be  e m p l o y e d   i n c l u d e   a l l o y s   c o n t a i n i n g  

m a n g a n e s e , c a d m i u m ,   a n t i m o n y ,   t i n ,   m a g n e s i u m ,   c o p p e r ,  
n i c k e l ,   c o b a l t ,   or  i r o n .  

The  e x a c t   c h o i c e   of  i n g r e d i e n t s   f o r   t h e  

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

as  t h e   s i z e   and  d e s i g n   of   t h e   p r o j e c t i l e   b o d y ,   t h e   ; 

n a t u r e   of  t h e   e x p e c t e d   i m p a c t   w i t h   t h e   t a r g e t   a n d  

t h e   l a u n c h   s t r e s s e s   to   be  e n c o u n t e r e d .   In   p a r t i c u l a r ,  
t h e   a l l o y   p r e f e r a b l y   h a s   a  d y n a m i c   y i e l d   s t r e n g t h   ; 
of   more   t h a n   35  k s i ;   t h i s   e n a b l e s   t h e   body   t o  

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

E x a m p l e s   of  s u i t a b l e   z i n c - b a s e d   a l l o y s  
f o r   u s e   a c c o r d i n g   to   t h e   i n v e n t i o n   a r e   g i v e n   in   t h e  



I 
f o l l o w i n g   T a b l e ,   t o g e t h e r   w i t h   t h e i r   dymamic   y i e l d  

s t r e n g t h s   a n d ,   in   some  c a s e s ,   t h e i r   a b i l i t y   t o  

s u r v i v e   a  t y p i c a l   l a u n c h   s t r e s s .  

The  p h y s i c a l   p r o p e r t i e s   of  s u c h   a l l o y s  

may  be  m o d i f i e d ,   f o r   e x a m p l e ,   by  h e a t   t r e a t i n g ,   o r  

q u e n c h i n g   c y c l e s .   Such   m o d i f y i n g   t r e a t m e n t s   a r e  

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

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

l a u n c h   s t r e s s .   For   e x a m p l e ,   we  h a v e   f o u n d   t h a t  

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



5  and  8  i d e n t i f i e d   in   t h e   a b o v e   T a b l e )   a t   3 6 0 ° C  

f o r   1  to   4  h o u r s   r e s u l t s   in   i m p r o v e d   p h y s i c a l  

p r o p e r t i e s   f o r   use   a c c o r d i n g   to  t h e   i n v e n t i o n .  

As  m e n t i o n e d   a b o v e ,   t h e   body   of  t h e  

p r o j e c t i l e   i s   a  d i e   c a s t i n g .   T h i s   may  c o n s t i t u t e  

t h e   w h o l e   of  t h e   p r o j e c t i l e   or  t h e r e   may  be  a  

s e p a r a t e   n o s e - t i p   of  t h e   same  m a t e r i a l   or  of   a  

d i f f e r e n t   m a t e r i a l ,   or  a  c o r e   of  a  d i f f e r e n t  

m a t e r i a l .   When  a  c o r e   or  s e p a r a t e   n o s e - t i p   i s  

e m p l o y e d ,   i t   may  be  of  a l u m i n i u m ,   g r a p h i t e - e p o x y  

( o r   o t h e r   p l a s t i c s   m a t e r i a l )   or  g r a p h i t e ,   f o r  

e x a m p l e .  

A  r o t a t i n g   band   ( f o r   e x a m p l e ,   of  z i n c ,  

c o p p e r   or   p l a s t i c s )   may  be  a p p l i e d   to   t h e   p r o j e c t i l e ,  

as  i s   c o n v e n t i o n a l .  

An  e m b o d i m e n t   of  t h e   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   to   F i g u r e   2  

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

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

f r a n g i b l e   b o d y   and  a  f r a n g i b l e   body   cap  a d a p t e d   t o  

f i t   i n   t h e   h o l l o w   b o d y .  

The  f r a n g i b l e   body   shown  i s   t r i m m e d ,  

s i z e d   and   m a c h i n e d   as  n e c e s s a r y   to   t h e   d e s i r e d  

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

b a n d   i s   a p p l i e d   as  d e s c r i b e d   a b o v e .  

The  b o d y   cap  may  be  f a b r i c a t e d   f r o m   a  

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

( s u c h   as  6 0 6 1 )   or  t h e   same  z i n c - b a s e d   a l l o y   as  t h e  

b o d y .   The  cap   may  be  a  d i e   c a s t i n g ,   b u t   i t   m a y  

a l s o   be  made  by  s c r e w   m a c h i n i n g .   A f t e r   f a b r i c a t i o n ,  

t h e   cap   i s   p r e s s - f i t t e d   i n t o   t h e   b o d y .  



1.  A  f r a n g i b l e   a m m u n i t i o n   p r o j e c t i l e ,  

c h a r a c t e r i s e d   in   t h a t   at   l e a s t   t h e   b o d y   of  t h e  

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

z i n c - b a s e d   a l l o y .  

2.  A  p r o j e c t i l e   a c c o r d i n g   to   c l a i m   1,  i n  

w h i c h   t h e   a l l o y   c o n t a i n s   up  to   12%  by  w e i g h t   o f  

a l u m i n i u m .  

3.  A  p r o j e c t i l e   a c c o r d i n g   to   c l a i m   2,  i n  

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

4.  A  p r o j e c t i l e   a c c o r d i n g   t o  c l a i m   2  or  3 ,  
i n   w h i c h   t h e   a l l o y   c o n t a i n s   up  t o   0 .1%  by  w e i g h t  

of  m a g n e s i u m .  

5.  A  p r o j e c t i l e   a c c o r d i n g   t o   any  of  c l a i m s  

1  to   4,  in   w h i c h   t h e   a l l o y   h a s   a  d y n a m i c   y i e l d  

s t r e n g t h   of  more  t h a n   35  k s i .  
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