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©  Method  of  manufacture  of  a  metallic  sabot. 

  The  method  of  manufacture  of  a  sabot  component  which 
comprises  the  steps  of  severing  an  aluminum  workpiece  (50) 
from  bar  stock,  upsetting  the  workpiece  in  a  first  die,  by  axial 
force,  to  constitute  a  first  preform  (51)  having  a  desired 
uneven  mass  distribution  along  the  axis  thereof,  hot  forging 
the  first  preform  in  a  second  die,  by  transverse  force,  to 
constitute  a  second  preform  (52)  having  an  unsymmetrical 
mass  distribution  transverse  to  the  axis  thereof,  hot  forging 
the  second  preform  in  a  third  die,  by  transverse  force,  to 
constitute  a  stamping  (60)  having  opposed  unsymmetrical 
formed  surfaces,  solution  heat  treating  the  stamping  to  a 
"W"  condition,  freezing  the  stamping  to  render  its  metalog- 
raphy  dormant,  cold  forging  the  stamping  in  the  third  die, 
artificially  aging  the  stamping  to  a  "T8"  condition,  trimming 
the  stamping  in  a  fourth  die,  and  annodizing  the  trimmed 
stamping. 



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

to  a t t a c k   t a r g e t s   w h i c h   a r e   a r m o r e d   so  t h a t   s i m p l e  

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

s u f f i c i e n t   to  d i s a b l e   t h e   t a r g e t .   For  such   use  t h e r e  

have   been  d e v e l o p e d   p r o j e c t i l e s   known  as  " p e n e t r a t o r s "  

w h i c h   a re   no t   n e c e s s a r i l y   e x p l o s i v e   on  i m p a c t ,   bu t   a r e  

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

s u f f i c i e n t   f o r   maximum  p e n e t r a t i n g   e f f e c t s .   One  s u c h  

d e v i c e   is  known  as  a  " l o n g   rod"   p e n e t r a t o r :   i t   is  o f  

d e n s e   m e t a l   s u c h   as  a  t u n g s t e n   a l l o y ,   and  is   o f  

r e l a t i v e l y   s m a l l   d i a m e t e r   c o m p a r e d   to   t h e   bo re   of  t h e  

c a n n o n   g e n e r a l l y   a v a i l a b l e .   I t   e x t e n d s   a l o n g   a  



l o n g i t u d i n a l   a x i s   f rom  a  f o r w a r d ,   a e r o d y n a m i c   p o i n t   to   a  

r e a r w a r d   s t a b i l i z i n g   f i n   s t r u c t u r e .   To  o b t a i n  

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

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

c a s e s   s e v e r a l   t i m e s   t h e   d i a m e t e r   of  t h e   body  of  t h e  

p r o j e c t i l e ,   a l t h o u g h   of  c o u r s e   t h e   m o u t h   of  t h e  

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

f i n   s t r u c t u r e   of  t h e   p r o j e c t i l e .   Means  mus t   a l s o   b e  

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

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

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

b a r r e l   p a s t   t h e   p r o j e c t i l e .  

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

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

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

e n g a g i n g   s i m i l a r   i n t e r n a l   g r o o v e s   in  a  b i - p a r t i t e  

" s a b o t "   s e c u r e d   in   p l a c e   by  a  l o o s e l y   f i t t i n g   " o b t u r a t o r  

r i n g "   of  n y l o n   w h i c h   r i d e s   in  t h e   r i f l i n g   of  t h e  

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

g a s e s .   R e a r w a r d l y   t h e   s a b o t   is   g r o o v e d   f o r   c r i m p e d  

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

w h i c h   t h e   f i n   s t r u c t u r e   of  t he   p e n e t r a t o r   i s   r e c e i v e d .  

F o r w a r d l y   t h e   s a b o t   is   c o n f i g u r e d   to   c o o p e r a t e   w i t h   a  

p r o t e c t i v e   cap   d u r i n g   t r a v e l   t h r o u g h   t h e   b a r r e l :   c a p ,  

r i n g ,   and  s a b o t   s e p a r a t e   f rom  t h e   p e n e t r a t o r   u p o n  

l e a v i n g   t h e   b a r r e l ,   to  a v o i d   i n c r e a s i n g   the   d r a g   of  t h e  

p e n e t r a t o r   d u r i n g   f l i g h t .  



I t   i s   t h e   o b j e c t   of  t he   p r e s e n t   i n v e n t i o n   to  d e v i s e   a  

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

in  a  c h e a p   s a b o t .  

T h i s   o b j e c t   is  a c h i e v e d   a c c o r d i n g   to  t h e   c h a r a c t e r i z i n g  

f e a t u r e s   of  c l a i m   1.  F u r t h e r   a d v a n t a g e o u s   s t e p s   of  t h e  

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

may  be  t a k e n   f rom  t h e   s u b c l a i m s .  

The  p r e s e n t   i n v e n t i o n   c o n t e m p l a t e s   r e d e s i g n i n g   the   s a b o t  

so  t h a t   i t s   p a r t s   can   be  made  by  m e t a l   f o r m i n g ,   u s i n g   a  

p r e f o r m e d   rod   and  a  c o m p o u n d   d i e .   In  o r d e r   to   a c c o m p l i s h  

t h i s ,   t he   amount   o f  m e t a l   f l o w   r e q u i r e d   in  g o i n g   f rom  b a r  

s t o c k   to  t h e   c o m p l e t e d   s t a m p i n g   is  so  g r e a t   t h a t   s p e c i a l  

p r o c e d u r e s   mus t   be  f o l l o w e d   i f   a  p r e c i s e   p r o d u c t   o f  

s t a b l e   d i m e n s i o n s   i s   to   r e s u l t .  

In  t h e   d r a w i n g ,   i n  w h i c h   l i k e   r e f e r e n c e   n u m e r a l s   i d e n t i f y  

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

FIGURE  1  i s   a  g e n e r a l   v i e w   of  a  m u n i t i o n   o f  

t h e   t y p e   in  q u e s t i o n ,  

FIGURE  2  shows   a  s a b o t   a c c o r d i n g   to   t he   i n -  

v e n t i o n ,   a n d  

FIGURES  3-8  show  s t e p s   in  t h e   m a n u f a c t u r e   of  a  

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



As  shown  in   FIGURE  I ,   a  m u n i t i o n   10  a c c o r d i n g  

to   t h e   i n v e n t i o n   c o m p r i s e s   a  p e n e t r a t o r   11  a r r a n g e d   f o r  

f i r i n g   f r o m   a  c a r t r i d g e   c a s e   12  c o n t a i n i n g   a  p r o p u l s i o n  

e x p l o s i v e   13  w h i c h   i s   f i r e d   when  a  p r i m e r   or  p e r c u s i o n  

c a p   14  i s   i m p a c t e d   by  t h e   f i r i n g   p i n   of  t he   gun ,   n o t   -  

s h o w n .   The  m u n i t i o n   as   shown  is   i n s e r t e d   i n t o   t h e  

c h a m b e r   15  of  t h e   f i r i n g   p i e c e ,   w h i c h   h a s   a  b a r r e l   1 6 .  

The  p e n e t r a t o r   i s   shown  to  e x t e n d   a l o n g   a  

l o n g i t u d i n a l   a x i s   18  f rom  a  f o r w a r d   p o r t i o n   19 ,   p o i n t e d  

f o r   a e r o d y n a m i c   r e a s o n s ,   to   a  r e a r w a r d   f i n   s e c t i o n   2 0 ,  _  

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

m i d p o r t i o n ,   t h e   p e n e t r a t o r   i s   p r o v i d e d   w i t h   a  s e t   o f  

c i r c u m f e r e n t i a l   b u t t r e s s   g r o o v e s   21  f o r   e n g a g e m e n t   b y  

m a t c h i n g   g r o o v e s   22  in  a  s a b o t   23  to   w h i c h   t h e   mouth  24  o f  

c a t r i d g e   c a s e   12  i s   c r i m p e d   a t   a  g r o o v e   25.  A  f o r w a r d l y  

t a p e r i n g   p r o t e c t i v e   cap   26  has   f o r w a r d   a p e r t u r e s   27  a n d  

a  r e a r w a r d   l i p   28  w h i c h   e n g a g e s   a  f o r w a r d   g r o o v e   30  i n  

s a b o t   23.   An  o b t u r a t o r   r i n g   or  a  band   31  of  n y l o n  

s u r r o u n d s   t h e   r e a r w a r d   p o r t i o n   of  s a b o t   23,   and  i s  

r e c e i v e d   in  a  c h a n n e l   3 2 .  



In  t h e   p r i o r   a r t ,   s a b o t   23  was  b i - p a r t i t e ,  

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

a  p l a n e   m a t i n g   f a c e   c o n t a i n i n g   t h e   a x i s   18  of  t h e  

m u n i t i o n ,   a n d  h e l d   t o g e t h e r ,   and  i n t o   cap   26,  by  n y l o n  

band   31  w h i c h   was  e x p a n d e d   o v e r   t h e   s a b o t   and  a l l o w e d   t o  

c o n t r a c t   i n t o   p e r i p h e r a l   c h a n n e l   3 2 .  

FIGURE  2  shows   a  s a b o t   a c c o r d i n g   to   t h e  

i n v e n t i o n   to  a  s l i g h t l y   l a r g e r   s c a l e .   I t   is   made  up  o f  

two  i d e n t i c a l   h a l v e s   40  and  41  h a v i n g   a  m a t i n g   p l a n e  

c o n t a i n i n g   t he   common  a x i s   42.  J o i n t l y   t he   h a l v e s  

d e f i n e   a  c r i m p i n g   g r o o v e   43,   a  c h a n n e l   44  f o r   band  3 1 ,  

and  a  g r o o v e   45  f o r   cap   26.  The  h a l v e s   a r e   m a n u f a c t u r e d  

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

o u t e r   p o r t i o n  a n d   t he   c o n c a v e   i n n e r   p o r t i o n   c o n t a i n i n g  

t h e   n e c e s s a r y   b u t t r e s s   g r o o v e s .   By  r e a s o n   of  t h e  

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

h a l v e s   w i t h   webs  46  and  47  w h i c h   g i v e   a  l o n g i t u d i n a l  

s t i f f e n i n g   to  t h e   s t r u c t u r e   no t   r e a d i l y   o b t a i n a b l e   i n  

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

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

a c c o r d i n g   to  t he   p r e s e n t   i n v e n t i o n   w i l l   now  b e  

d e s c r i b e d ,   r e f e r r i n g   to  FIGURES  3 - 8 .   The  u n i t s   can  b e  

made  of  a l u m i n u m   or  m a g n e s i u m ,   and  FIGURE  3  shows  a  

w o r k p i e c e   50  s e v e r e d   f rom  bar   s t o c k   f o r   f u r t h e r  

t r e a t m e n t .   The  w o r k p i e c e   is   f i r s t   u p s e t   in  a  f i r s t   d i e ,  

by  a x i a l   f o r c e ,   to   p r o d u c e   a  f i r s t   p r e f o r m   51  h a v i n g   a  



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

f a c i l i t a t e   f u r t h e r   f o r m i n g .   P r e f o r m   51  is  n e x t  

h o t - f o r g e d   in  a  s e c o n d   d i e ,   by  t r a n s v e r s e   f o r c e ,   t o  

p r o d u c e   a  s e c o n d   p r e f o r m   52,   o p p o s i t e   v i e w s   of  w h i c h   a r e  

shown  in  FIGURES  5A  and  5B.  I t   w i l l   be  a p a r e n t   t h a t  

p r e f o r m   52  h a s   an  u n s y m m e t r i c a l   mass   d i s t r i b u t i o n  

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

f o r m e d   f a c e s   53  and   54,   t h e   l a t t e r   b e i n g   g e n e r a l l y   f l a t  

b u t   h a v i n g   a  l o n g i t u d i n a l   g r o o v e   or  c a v i t y   55  b o r d e r e d  

by  r a i s e d   r i d g e s   56  and  5 7 .  

P r e f o r m   52  i s   n e x t   h o t - f o r g e d   in  a  t h i r d   d i e ,  

by  t r a n s v e r s e   f o r c e ,   to   c o n s t i t u t e   a  f i r s t   s t a m p i n g   60  

shown  in   FIGURE  6  to   h a v e   o p p o s i t e   u n s y m m e t r i c a l l y  

f o r m e d   s u r f a c e s   61  and  62 ,   t h e   l a t t e r   a g a i n  b e i n g  

b a s i c a l l y   f l a t   b u t   i n c l u d i n g   a  l o n g i t u d i n a l   c a v i t y   63 

h a v i n g   a  b u t t r e s s   t h r e a d   p o r t i o n   64.  The  p r o v i s i o n   o f  

r i d g e s   56  and  57  in  s e c o n d   p r e f o r m   52  has   b e e n   f o u n d   t o  

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

a t   t h e   f l a t   s u r f a c e   of  f i r s t   s t a m p i n g   6 0 .  

B e c a u s e   of  t h e   r e l a t i v e l y   l a r g e   c h a n g e   i n  

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

t h i s ,   t h e   f i r s t   s t a m p i n g   60  i s   n e x t   s o l u t i o n   h e a t  

t r e a t e d   to   b r i n g   i t   to   a  "W"  m e t a l l u r g i c a l   c o n d i t i o n ,  

and  t h e n   i s   f r o z e n   to   r e n d e r   i t s   m e t a l o g r a p h y   d o r m a n t .  

The  s t a m p i n g   i s   r e t u r n e d   to   t h e   same  t h i r d   d i e   f o r  

c o l d - f o r g i n g ,   to   a  fo rm  shown  in  FIGURE  7,  t h e n  



a r t i f i c i a l l y   a g e d   to   a  "T8"  m e t a l l u r g i c a l   c o n d i t i o n ,   a n d  

t r i m m e d   to  p r o d u c e   a  s e c o n d   s t a m p i n g   6 5 - - s e e   FIGURE  8 .  

Wi th   r e s p e c t   to   t h e   "W"  and  "T8"  m e t a l l u r g i c a l   c o n -  

d i t i o n s   i t   i s   p o i n t e d   to  " M e t a l s   H a n d b o o k " ,   8 t h  

E d i t i o n ,   Vo lume   1,  C o p y r i g h t   by  t h e   A m e r i c a n   S o c i e t y  

f o r   M e t a l s .  

I f   webs  46  and  47  a r e   no t   d e s i r e d ,   t h e s e   can  be  r e -  

moved  a t   t h e   t r i m m i n g   o p e r a t i o n .  

The  s a b o t   h a l f   i s   now  r e a d y   f o r   a n o d i z i n g   or  o t h e r   f i n a l  

t r e a t m e n t .  

I t   has   b e e n   f o u n d   t h a t   s a b o t   h a l v e s   made  as  d e s c r i b e d  

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

d i m e n s i o n a l   s t a b i l i t y .   A  c o n s i d e r a b l e   c o s t   r e d u c t i o n   i s  

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

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

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

s a b o t   i s   t h e   same  as  w i t h   p r e v i o u s   m a c h i n e   s a b o t s .   U p o n  

f i r i n g ,   t h e   p r o p u l s i o n   g a s e s " f r o m   e x p l o s i v e   13  f o r c e   t h e  

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

p r o p e l   t he   p r o j e c t i l e   down  t he   c a n n o n   b a r r e l   1 6 ,  

o b t u r a t o r   13  r i d i n g   in  the   r i f l i n g   of  t h e   b a r r e l   t o  

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

s p i n   a c t i o n   to  t he   p r o j e c t i l e .   As  t h e   p r o j e c t i l e   m o v e s  

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



40  and   41  of  t h e   s a b o t   to   s e p a r a t e ,   r e l e a s i n g   cap   2 6 ,  

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

s t r e n g t h   of  r i n g   31  and  p e r m i t   t h e   s a b o t   to  s e p a r a t e  

c o m p l e t e l y   f rom  b u t t r e s s   g r o o v e s   21  of  t he   p r o j e c t i l e  

a l o n g   t h e   m a t i n g   p l a n e ,   so  t h a t   an  a e r o d y n a m i c a l l y   c l e a n  

p r o j e c t i l e   p r o c e e d s   t o w a r d s   i t s   t a r g e t .  



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

t  e  r  i  z  e  d   b  y  t h e   s t e p s   o f :  

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

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

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

a n d  

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

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

s y m m e t r i c a l   mass   d i s t r i b u t i o n   t r a n s v e r s e   to  s a i d   a x i s .  

2.  M e t h o d   a c c o r d i n g   to  c l a i m   1,  c  h  a  r  a  c  t   e  r  i  z  e  d  

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

in  a  t h i r d   d i e ,   by  t r a n s v e r s e   f o r c e ,   to  c o n s t i t u t e   a  

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

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

t  e  r  i  z  e  d   b  y  

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

d e s i r e d   u n e v e n   mass  d i s t r i b u t i o n   a l o n g   an  a x i s   and   a n  

u n s y m m e t r i c a l   mass   d i s t r i b u t i o n   t r a n s v e r s e   to   t h e   a x i s ,  

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

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

s y m m e t r i c a l   s u r f a c e s ,  

s o l u t i o n   h e a t   t r e a t i n g   t h e   s t a m p i n g   to   a  "W"  c o n d i t i o n ,  

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

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

4.  Me thod   a c c o r d i n g   to  c l a i m   3,  c  h  a  r  a  c  t   e  r  i  z  e  d  

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

to  a  "T8"  c o n d i t i o n ,   and  t r i m m i n g   t h e   s t a m p i n g   in   a n o t h e r  

d i e .  

5.  Me thod   a c c o r d i n g   to   c l a i m   4,  c  h  a  r  a  c  t   e  r  i  z  e  d  

b  y  a n o d i z i n g   the   t r i m m e d   s t a m p i n g .  



6.  S a b o t   m a n u f a c t u r e d   a c c o r d i n g   to  t h e   m e t h o d   of  c l a i m s  

1  to  5,  c  h  a  r  a  c  t  e  r  i  z  e  d   i  n  t  h  a  t  

i t   c o n s i s t s   of  a l u m i n u m   a l l o y .  

7.  S a b o t   a c c o r d i n g   to  c l a i m   6,  c  h  a  r  a  c  t   e  r  i  z  e  d  

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

webs  (46 ,   4 7 ) .  
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