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Impact  sensor  for  a  projectile. 

<  

o  

( 0  
(O 

impact  sensor  for  a  projectile  (1),  which  comprises  a 
source  of  power  (6)  with  a  normally  open  circuit  (8,  9)  and 
a  sensing  element  (7),  for  example  a  fuse  pipe,  for  the 
purpose  of  sensing  a  closing  of  the  circuit.  The  circuit  con- 
sists  of  two  conductors  (8, 9)  embedded  in  a  plastic  film  (10). 
A  number  of  edges  (13)  in  the  projectile  are  so  arranged  as 
to  be  capable  at  the  time  of  the  impact  by  the  projectile  of 
penetrating  the  plastic  film  and  making  contact  between  the 
conductors. 



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

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

c i r c u i t ,   w h i c h   is  so  a r r a n g e d   as  to  be  c l o s e d   as  t h e   r e -  

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

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

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

An  i m p a c t   s e n s o r   of  t h i s   k i n d   is  d e s c r i b e d   in  US  P a t e n t  

S p e c i f i c a t i o n   3 , 6 6 7 , 3 9 3 .   The  t h u s   d i s c l o s e d   s e n s o r   e x h i -  

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

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

t ed   one  f rom  a n o t h e r .   Such  c i r c u i t s   a r e   v e r y   s e n s i t i v e   t o  

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

r e s i s t a n c e   of  t h e   c o n d u c t o r s .   T h e r e   is   a l s o   an  i n c r e a s e d  

r i s k   of  t h e   s h o r t - c i r c u i t i n g   of   t h e   c o n d u c t o r s   i f   t h e y  

a r e   f o r m e d   f rom  t h e   m a t e r i a l   of  t h e   p r o j e c t i l e .  

The  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   i s ,   t h e r e f o r e ,   t o  

p r o p o s e   an  i m p a c t   s e n s o r   of  t h e   t y p e   d e s c r i b e d   by  way  o f  

i n t r o d u c t i o n ,   in  w h i c h   t h e   c i r c u i t   is   i n s e n s i t i v e   to   t h e  

s u r r o u n d i n g   e n v i r o n m e n t ,   and  in  w h i c h   t h e   r i s k   of  u n i n -  

t e n t i o n a l   s h o r t - c i r c u i t i n g   i s   e l i m i n a t e d .   T h i s   o b j e c t   i s  

a c h i e v e d   by  t he   i m p a c t   s e n s o r   in  a c c o r d a n c e   w i t h   t h e   i n -  

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

i n d i c a t e d   in  C l a i m   1 .  

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

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

The  ' i n v e n t i o n   is  d e s c r i b e d   b e l o w   in  g r e a t e r   d e t a i l   w i t h  

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

a  p r e f e r r e d   e m b o d i m e n t   of  t he   i n v e n t i o n .  



F i g u r e   1  shows  a  c r o s s - s e c t i o n   and  a  s e c t i o n e d   v i e w   o f  

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

so r   in  a c c o r d a n c e   w i t h   t h e   i n v e n t i o n .   F i g u r e   2  shows  p a r t  

of  F i g u r e   1  on  an  e n l a r g e d   s c a l e .   F i g u r e   3  shows  a  m o d i -  

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

of  t he   s e n s o r   in  a c c o r d a n c e   w i t h   F i g u r e   1 .  

F i g u r e   1  shows  a  n o s e   p a r t   of  a  p r o j e c t i l e   1,  of   w h i c h  

t h e   r e s t   is   no t   shown.   The  r e f e r e n c e   2  i s   u sed   to   d e n o t e  

t h e   c a s i n g   of  t he   p r o j e c t i l e .   The  n o s e   p a r t   of  t h e   p r o -  

j e c t i l e   e x h i b i t s   a  c e n t r a l l y   p o s i t i o n e d ,   e s s e n t i a l l y   c y -  

l i n d r i c a l   cap  3,  n o t   d e s c r i b e d   h e r e   in  any  g r e a t e r   d e -  

t a i l ,   w h i c h   b e t w e e n   i t s e l f   and  t he   c a s i n g   2  of  t h e   p r o -  

j e c t i l e   f o rms   an  a i r   gap  4;  see   F i g u r e   2 .  

The  cap  3  e x h i b i t s   a t   i t s   f r o n t   end  an  a n n u l a r   s t e p   5 ,  

w h i c h   has   t h e   form  of  t h e   g e n e r a t e d   s u r f a c e   of  a  t r u n -  

c a t e d   c o n e .  

The  p r o j e c t i l e   1  i s   f i t t e d   w i t h   an  i m p a c t   s e n s o r   c o m p r i -  

s i n g   a  s o u r c e   of  power   6,  r e p r e s e n t e d   o n l y   s c h e m a t i c a l l y ,  

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

l y ,   in  t h e   form  of  a  f u s e   p i p e   7.  The  s o u r c e   of  p o w e r   6 

may,  f o r   e x a m p l e ,   h a v e   t h e   fo rm  of  a  b a t t e r y   c a p a b l e   o f  

b e i n g   c h a r g e d   by  t h e   a c c e l e e r a t i o n   of  t h e   p r o j e c t i l e ,   o r  

may  be  a  p i e z o e l e c t r i c   g e n e r a t o r .   S i n c e   b o t h   t h e   s o u r c e  

of  power   6  and  t he   f u s e   p i p e   7  may  be  of  an  a r b i t r a r y ,  

c o n v e n t i o n a l   n a t u r e ,   t h e y   a r e   n e i t h e r   shown  nor   d e s c r i b e d  

h e r e   in  any  g r e a t e r   d e t a i l .  

The  s o u r c e   of  power   6  and  t h e   f u s e   p i p e   7  e x h i b i t   an  o p e n  
c i r c u i t   in  t h e   form  of  two  e x t r e m e l y   t h i n ,   s t r i p - s h a p e d ,  

e l e c t r i c a l   c o p p e r   c o n d u c t o r s   8  and  9.  The  c o n d u c t o r s   a r e  

embedded   e n t i r e l y   in  an  e l e c t r i c a l l y   i n s u l a t i n g   m a t e r i a l ,  

f o r   e x a m p l e   in  t he   form  of   a  p o l y i m i d e   or  p o l y e s t e r   f i l m ,  



so  as  to  form  a  s o - c a l l e d   f l e x i b l e   c o n d u c t o r   10.  The  c o n -  

d u c t o r s   8  and  9  t h u s   h a v e   t h e   form  of  a  t h i n   c i r c u i t  

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

The  f l e x i b l e   c o n d u c t o r   10  i s   g e n e r a l l y   of  t h e   fo rm  s h o w n  

in  F i g u r e   3,  t h a t   i s   to   say   w i t h   an  e l o n g a t e d   p a r t   11,  i n  

w h i c h   t he   two  c o n d u c t o r s   8  and  9  run   p a r a l l e l   w i t h   e a c h  

o t h e r ,   and  a  s e n s o r   p a r t   12,  in  w h i c h   t h e   two  c o n d u c t o r s  

8  and  9  a re   r o u t e d   a d j a c e n t   to   e a c h   o t h e r   in  p a i r s   a c c o r -  

d i n g   to   a  p r e - d e t e r m i n e d   p a t t e r n .   The  s e n s o r   p a r t   i n  

F i g u r e s   1  and  2  has   a  r a t h e r   d i f f e r e n t   a p p e a r a n c e   t h a n   i t  

d o e s   in  F i g u r e   3,  w h e r e   i t   is  d e n o t e d   by  t h e   r e f e r e n c e  

1 2 ' .   The  s e n s o r   p a r t   12'   has   t h e   same  form  as  t h e   s t e p   5 ,  

and  is   a t t a c h e d   to  t h e   l a t t e r ,   f o r   e x a m p l e   by  means   of   a n  

a d h e s i v e   or  w i t h   t he   h e l p   of  t a p e .   The  e l o n g a t e d   p a r t   11 

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

t i l e ,   and  is  a l s o   a t t a c h e d   to   t h e   l a t t e r   by  means   of  a n  

a d h e s i v e   or  w i t h   t h e   h e l p   of  t a p e .  

The  c i r c u i t   p a t t e r n   in  t h e   s e n s o r   p a r t   12  and  12 '   c a n  

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

b e i n g   o n l y   e x a m p l e s   of  c o n c e i v a b l e   p a t t e r n s .  

In  t he   c i r c u i t   p a t t e r n s   i l l u s t r a t e d ,   t h e   two  s t r i p - s h a p e d  

c o n d u c t o r s   8  and  9  l i e   in  t h e   same  p l a n e .   In  an  a l t e r n a -  

t i v e   e m b o d i m e n t ,   n o t   shown  h e r e ,   t h e y   may  l i e   one  on  t o p  
of  t he   o t h e r ,   s e p a r a t e d   f rom  each   o t h e r   by  means   of  a  

l a y e r   of  t he   a f o r e m e n t i o n e d   i n s u l a t i n g   m a t e r i a l .  

The  c a s i n g  2   of  t he   p r o j e c t i l e   e x h i b i t s , d i r e c t l y   in  l i n e  

w i t h   t he   s t e p   5,  a  s t a i r - s h a p e d   r e d u c i n g   d i a m e t e r   i n t e n -  

ded  to  form  a  number   ( b e i n g   t h r e e   in  t he   e x a m p l e   s h o w n )  

of  a n n u l a r ,   m e t a l l i c   e d g e s   13,  t h e   s h a r p   p a r t   of  w h i c h   i s  

s i t u a t e d   in  t h e   a i r   gap  4  a t   a  d i s t a n c e   of  up  to  a b o u t  

0 . 5  -   1  mm  from  t he   s t e p   5.  The  e d g e s   13  a r e   b e s t   f o r m e d  



a t   t h e   same  t i m e   as  t h e   c a s i n g   of  the   p r o j e c t i l e   i s   b e i n g  

m a n u f a c t u r e d .  

The  f u n c t i o n   of  t he   i m p a c t   s e n s o r   is  as  f o l l o w s .  

When  t he   p r o j e c t i l e   s t r i k e s   a  t a r g e t ,   t h e   c a s i n g   of  t h e  

p r o j e c t i l e   is   d e f o r m e d   in  s u c h   a  way  t h a t   t h e   e d g e s   13 

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

t o r   10  and  make  a  c o n t a c t   b e t w e e n   t h e   c o n d u c t o r s   8  and  9 ,  

c a u s i n g   a  c u r r e n t   to  f l o w   f rom  t h e   s o u r c e   of  p o w e r   6  t o  

t h e   f u s e   p i p e   7.  When  t h i s   s e n s e s   an  e l e c t r i c a l   c u r r e n t ,  

a  d e s i r e d   f u n c t i o n   may  be  a c t u a t e d   in  t h e   p r o j e c t i l e ,   f o r  

e x a m p l e   t h e   p r i m i n g   of  an  e x p l o s i v e   c h a r g e   ( n o t   s h o w n ) .  

I f   t h e   c o n d u c t o r s   8  and  9  a r e   a r r a n g e d   one  a b o v e   t h e  

o t h e r   in  a c c o r d a n c e   w i t h   t h e   a f o r e m e n t i o n e d ,   a l t e r n a t i v e  

e m b o d i m e n t ,   t h e   edge   13  w i l l   f i r s t   c u t   t h r o u g h   one  of   t h e  

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

l a y e r   u n t i l   t h e   edge   r e a c h e s   t he   s e c o n d   c o n d u c t o r ,   c a u s -  

i ng   t h e   c i r c u i t   to   be  c l o s e d .  

I t   i s   a l s o   c o n c e i v a b l e   w i t h i n   t he   s c o p e   of  t h e   i n v e n t i o n  

to   c a u s e   t h e   e d g e s   13  and  t h e   c o n d u c t o r s   8,  9  to   e x c h a n g e  

p l a c e s ,   t h a t   i s   to  say  to   a t t a c h   t h e   i n s u l a t e d   c o n d u c t o r s  

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

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

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

I t   is  a l s o   o b v i o u s   t h a t   t h e   s e n s o r   p a r t   12  or  12 '   of   t h e  

f l e x i b l e   c o n d u c t o r   can  be  a r r a n g e d   in  the   p r o j e c t i l e   a t  

any  p o i n t   a t   w h i c h   i t   is  w i s h e d   to   p r o v i d e   an  i m p a c t   s e n -  

s i n g   f u n c t i o n .   I t   i s   a l s o   o b v i o u s   t h a t   t h e   e d g e s   may  h a v e  

a  form  o t h e r   t h a n   t h a t   s h o w n .  



1.  I m p a c t   s e n s o r   f o r   a  p r o j e c t i l e   ( 1 ) ,   c o m p r i s i n g   a  

s o u r c e   of  power   (6)  w i t h   an  open  c i r c u i t   (8,  9 ) ,   w h i c h   i s  

so  a r r a n g e d   as  to   be  c l o s e d   as  t h e   r e s u l t   of  a  d e f o r m a -  

t i o n   of  t he   p r o j e c t i l e   a t   an  i m p a c t   by  t h e   p r o j e c t i l e   o n  

a  t a r g e t ,   and  a  s e n s i n g   e l e m e n t   (7)  f o r   t h e   p u r p o s e   o f  

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

c  h  a  r  a c t  e  r  i  z e d   in  t h a t   t h e   c i r c u i t   c o n s i s t s  

of  a t   l e a s t   two  c o n d u c t o r s   (8,  9)  e m b e d d e d   in  an  e l e c t r i -  

c a l l y   i n s u l a t i n g   m a t e r i a l   ( 1 0 ) ,   and  e l e c t r i c a l l y   i n s u l a t e d  

f rom  the   c a s i n g   of  t h e   p r o j e c t i l e ,   and  in  t h a t   a t   l e a s t  

one  m e t a l l i c   edge   (13)  or  s i m i l a r   b e i n g   e l e c t r i c a l l y   i n -  

s u l a t e d   f rom  t he   two  c o n d u c t o r s   and  a r r a n g e d   in  t h e   p r o -  

j e c t i l e   ( 1 ) ,   i s   c a p a b l e   as  t h e   c o n s e q u e n c e   of  s a i d   d e f o r -  

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

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

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

c l o s i n g   of  t h e   c i r c u i t .  

2.  S e n s o r   in  a c c o r d a n c e   w i t h   C l a i m   1,  c  h  a  r -  

a c t  e  r  i  z e d   in  t h a t   t h e   i n s u l a t i n g   m a t e r i a l   ( 1 0 )  

has   t h e   form  of  a  f i l m   in  w h i c h   t h e   c o n d u c t o r s   (8,  9)  a r e  

e m b e d d e d .  

3.  S e n s o r   in  a c c o r d a n c e   w i t h   C l a i m   1,  c  h  a  r -  

a c t  e  r  i  z e d   in  t h a t   t h e   f i l m   (10)   w i t h   t h e   e m b e d -  

ded  c o n d u c t o r s   (8,  9)  is   a  s o - c a l l e d   f l e x i b l e   c o n d u c t o r .  

4.  S e n s o r   in  a c c o r d a n c e   w i t h   any  of  t h e   f o r e g o i n g  

C l a i m s ,   c  h  a  r  a c t  e  r  i  z e d   in  t h a t   the   edge   ( 1 3 )  

and  t he   c o n d u c t o r s   (8,  9)  a r e   so  a r r a n g e d   as  to   be  c a p a b -  

le  as  t he   r e s u l t   of  s a i d   d e f o r m a t i o n   of  mov ing   t o w a r d s  

e a c h   o t h e r   in  an  a i r   gap  (4)  w i t h i n   t h e   c a s i n g   (2)  of  t h e  

p r o j e c t i l e .  
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