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©  Method  and  device  for  detecting  and  firing  a  pyrotechnic  charge  in  a  multiple-charge  system. 
  The  invention  relates  to  a  device  which,  upon  receipt  of  a 
firing  order  in  the  form  of  a  firing  impulse,  locates  and  fires  a 
pyrotechnic  charge  connected  in  one  of  a  plurality  of  firing 
circuits  (17, -  1730)  in  a  firing  unit.  A  current  switching  unit 
connects  a  current  which  is  insufficient  for  firing  a  charge,  to 
a  firing  circuit.  After  that,  a  current  detecting  unit  checks 
whether  or  not  a  current  is  flowing  in  the  firing  circuit,  i.e. 
whether  or  not  a  charge  is  connected.  This  is  repeated  by  a 
logic  unit  (15)  until  a  connected  charge  is  located,  where- 
upon  a  firing  current  is  connected  to  the  firing  circuit 
comprising  the  connected  charge,  and  the  charge  is  fired. 

The  logic  unit  (15)  controlling  this  course  of  events  is 
supplied,  like  the  device  in  its  entirety,  with  its  supply  voltage 
from  the  said  voltage  pulse. 





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  a  d e v i c e   f o r  

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

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

c o m p r i s i n g ,   on  t h e   one  hand ,   a  c u r r e n t   s w i t c h i n g   u n i t  

w h i c h   is  a d a p t e d ,   upon  r e c e i p t   of  a  v o l t a g e   p u l s e   i n -  

d i c a t i n g   t h a t   a  c h a r g e   is   to  be  f i r e d ,   to  c o n n e c t   to   o n e  

of  the   f i r i n g   c i r c u i t s   of  the   f i r i n g   u n i t   a  c h e c k i n g   c u r -  

r e n t   i n s u f f i c i e n t   f o r   f i r i n g   a  c h a r g e ,   to  c h e c k   w h e t h e r  

a  c h a r g e   is   c o n n e c t e d   in  the   f i r i n g   c i r c u i t   c o n c e r n e d ,  

and  a d a p t e d ,   i f   t h i s   i s   not   t he   c a s e ,   to  r e p e a t   s u c h   c o n -  

n e c t i o n   of  c h e c k i n g   c u r r e n t   f o r   t h e   r e m a i n i n g   f i r i n g   c i r -  

c u i t s   u n t i l   a  c o n n e c t e d   c h a r g e   is  l o c a t e d   and ,   when  t h i s   f o u n d  

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

f i r i n g   to  t h e   f i r i n g   c i r c u i t   in  w h i c h   t he   c h a r g e   has   b e e n  

f o u n d   a n d ,   on  t h e   o t h e r   h a n d ,   a  c u r r e n t   d e t e c t i n g   u n i t  

a d a p t e d   to  e f f e c t   t he   s a i d   c h e c k   by  d e t e c t i n g   i f   c u r r e n t  

i s   f l o w i n g   t h r o u g h   t h e   f i r i n g   c i r c u i t   c o n c e r n e d .  

D e v i c e s   f o r   f i r i n g   p y r o t e c h n i c   c h a r g e s   a r e   p r e v i -  

o u s l y   known  f r o m ,   f o r   e x a m p l e ,   t h e   b r o c h u r e   "BT  19  G 

ELDMARKERINGSAPPARAT",  SAAB-SCANIA,  J o n k o p i n g ,   S w e d e n ,  

and  B r i t i s h   p a t e n t   s p e c i f i c a t i o n   2 3 6 1 / 1 9 1 3 .   The  f i r s t -  

m e n t i o n e d   d e v i c e   w h i c h   is  u sed   m a i n l y   f o r   s i m u l a t i n g   f i r -  

ing   from  a  gun  or   a  t a n k ,   c o m p r i s e s   f i f t e e n   b a r r e l s   w h i c h  

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

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

is   f i r e d   upon   r e c e i p t   of  a  f i r i n g   i m p u l s e   by  s a i d   d e v i c e ,  

and  a  d e l a y   c i r c u i t   p r e v e n t i n g   d o u b l e   f i r i n g   upon  c o n t a c t  

b o u n c i n g .   When  a  c h a r g e   has   been   f i r e d ,   t he   p o s i t i o n   s e -  

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

one  s t e p ,   and  when  a  p e r i o d   of  t i m e   d e t e r m i n e d   by  t h e  

d e l a y   c i r c u i t   has   e x p i r e d ,   t h e   d e v i c e   is   r e a d y   to  f i r e   a  

new  c h a r g e .   H o w e v e r ,   t h i s   d e v i c e   s u f f e r s   f rom  t he   d i s a d -  

v a n t a g e   t h a t ,   b e c a u s e   t h e r e   is  no  p o s s i b i l i t y   of  c h e c k i n g  



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

c h a r g e s   mus t   be  p l a c e d   in  s e q u e n c e   in  t h e   b a r r e l s ,   b e -  

g i n n i n g   in  t h e   p o s i t i o n   i n d i c a t e d   by  t h e   p o s i t i o n   s e l e c -  

t o r .   I t   i s ,   h o w e v e r ,   d e s i r a b l e   t h a t   i t   s h o u l d   be  p o s s i b l e  

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

The  B r i t i s h   p a t e n t   s p e c i f i c a t i o n   d i s c l o s e s   an  a p p a -  
r a t u s   c o m p r i s i n g   a  c u r r e n t   s w i t c h i n g   u n i t   w h i c h   c o n s i s t s  

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

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

t h e r e b y   r e d u c i n g   t h e   c u r r e n t   to   s u c h   an  e x t e n t   t h a t  

f i r i n g   c a n n o t   t a k e   p l a c e .   A  b e l l   i s   u s e d   as  c u r r e n t   d e -  

t e c t i n g   u n i t   f o r   d e t e c t i n g   w h e t h e r   c u r r e n t   i s   f l o w i n g  

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

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

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

t h a t   a  c h a r g e   i s   to   be  f i r e d )   mus t   be  p r o v i d e d   f o r   e a c h  

f i r i n g   c i r c u i t   w h i c h   i s   to   be  c h e c k e d .  

I t   t h e r e f o r e   i s   an  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  d e v i c e   w h i c h   i s   a c t i v a t e d   o n l y   upon   r e c e i p t  

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

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

A  f u r t h e r   o b j e c t   i s   to   a l l o w ,   upon   s u p p l y   of  a  

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

i n d e p e n d e n t l y   of  t h e   p o s i t i o n   t h i s   c h a r g e   has   in   t h e  

f i r i n g   u n i t .  

The  o b j e c t   of  t h e   i n v e n t i o n   i s   r e a l i s e d   by  means   o f  

a  d e v i c e   h a v i n g   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   s t a t e d   in  t h e  

a p p e n d e d   c l a i m s .  

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

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

c o n n e c t e d .   T h i s   i s   d o n e   by  c o n n e c t i n g   a  c u r r e n t   to  o n e  

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

t h i s   f i r i n g   c i r c u i t ,   a  c u r r e n t   w i l l   f l o w   t h r o u g h   t he   f i r -  

ing   c i r c u i t ,   t h e   c h a r g e   w i l l   be  f i r e d ,   and  t h e   c u r r e n t  

w i l l   be  d e t e c t e d   by  a  c u r r e n t   d e t e c t i n g   u n i t .   S c a n n i n g   o f  



t he   f i r i n g   c i r c u i t s   n o r m a l l y   s t a r t s   a l w a y s   on  the   s a m e  

f i r i n g   c i r c u i t ,   bu t   a c c o r d i n g   to  a  v a r i a n t   of  t he   i n v e n -  

t i o n   t he   o p e r a t o r   h i m s e l f   may  d e f i n e   t he   s t a r t i n g   p o i n t  

of  t h e   s c a n n i n g   by  n o t   c o n n e c t i n g   any  c h a r g e   in  t h e   f i r -  

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

to  t h i s   v a r i a n t ,   t h e   d e v i c e   f i r s t   s e a r c h e s   ou t   a  f i r i n g  

c i r c u i t   w i t h o u t   c h a r g e ,   t h e   c u r r e n t   c o n n e c t e d   to   t h e  

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

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

and  when  s u c h   a  c h a r g e   i s   e n c o u n t e r e d ,   t h e   f i r i n g   c u r -  

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

and  t h e   c h a r g e   i s   f i r e d .   The  a b o v e - m e n t i o n e d   s e q u e n c e   i s  

c a r r i e d   o u t   a u t o m a t i c a l l y   by  a  l o g i c   u n i t   c o n n e c t e d  

b e t w e e n   t h e   c u r r e n t   d e t e c t i n g   u n i t   and  t h e   c u r r e n t   s w i t c h -  

ing   u n i t ,   s a i d   u n i t s   b e i n g   a c t i v a t e d   o n l y   when  a  f i r i n g  

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

An  e m b o d i m e n t   of  t h e   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  t h e   a c c o m p a n y i n g   d r a w i n g s . . F i g .   1  i s   a  

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

m e t h o d   a c c o r d i n g   to  t h e   p r e s e n t   i n v e n t i o n .   F i g .   3  i s   a  

more  d e t a i l e d   b l o c k   d i a g r a m   of  t h e   l o g i c   and  s e l e c t o r  

u n i t   shown  in  F i g .   1.  F i g .   4  i s   a  c i r c u i t   d i a g r a m  

i l l u s t r a t i n g   a  c u r r e n t   s w i t c h i n g   u n i t ,   a  c u r r e n t   d e t e c t -  

ing  u n i t ,   and  a  f i r i n g   c i r c u i t .  

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

t i o n ,   w h i c h   is   i n t e n d e d   to  be  c o n n e c t e d   to   a  f i r i n g   u n i t  

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

b e l o w .   As  w i l l   a p p e a r   f rom  F i g .   1,  t h e   d e v i c e   c o m p r i s e s   a  

c u r r e n t   s w i t c h i n g   u n i t   10  w h i c h ,   v i a   a  c u r r e n t   d e t e c t i n g  

u n i t   11,  is   c o n n e c t e d   to  s w i t c h e s   1 6 1  -   1630 .   B e t w e e n  

e a c h   s w i t c h   1 6 1  -  1 6 3 0   and  e a r t h ,   a  c h a r g e   may  be  c o n -  

n e c t e d   in  a n y  o n e   of  t h e   f i r i n g   c i r c u i t s   1 7 1  -   1730  o f  

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

u n i t   15  h a v i n g   t h i r t y - o n e   o u t p u t s   1 5 0  -   1530 ,   of  w h i c h   a n  

o u t p u t   150  is   c o n n e c t e d   to  t h e   c u r r e n t   s w i t c h i n g   u n i t   10 

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



t h i r t y   o u t p u t s   1 5 ,  -   1530  b e i n g   c o n n e c t e d   e a c h   to  o n e  

s w i t c h   1 6 1  -   1630  f o r   c o n t r o l l i n g   t h e   s t a t e   t h e r e o f .  

The  s u p p l y   v o l t a g e   to   t h e   l o g i c   u n i t   15  i s   d e r i v e d   f r o m  

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

t h a t   a  c h a r g e   i s   to   be  f i r e d ,   and  i s   s t a b i l i s e d   b y  

m e a n s   of  a  v o l t a g e   r e g u l a t o r   12.  The  d e v i c e   t h u s   i s  

c u r r e n t - c a r r y i n g   o n l y   when  t h e   f i r i n g   i m p u l s e   has   b e e n  

s u p p l i e d   to   t h e   i n p u t   of  t h e   d e v i c e .  

The  f u n c t i o n   of  t h e   d e v i c e   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 s .   1  a n d   2.  When  t h e   d e v i c e   r e c e i v e s  

a  f i r i n g   i m p u l s e   ( 2 0 ,   F i g .   2 ) ,   t he   l o g i c   u n i t   15  i s   s u p p -  
l i e d   w i t h   c u r r e n t   v i a   t h e   v o l t a g e   r e g u l a t o r   12.  The  l o g i c  

u n i t   c l o s e s   t h e   f i r s t   s w i t c h   161  (21 ,   F i g .   2)  and  s u p p -  
l i e s   a  low  c o n t r o l   s i g n a l   to  t he   c u r r e n t   s w i t c h i n g   u n i t  

10  w h i c h   s u p p l i e s   a  c h e c k i n g   c u r r e n t ,   i . e .   a  c u r r e n t  

w h i c h   i s   s m a l l e r   t h a n   t h e   f i r i n g   c u r r e n t   ( 2 2 ,   F i g .   2 )  

r e q u i r e d   f o r   t h e   f i r i n g   of  a  c h a r g e .   I f   a  c h a r g e   i s   c o n -  

n e c t e d   in   t h e   f i r i n g - c i r c u i t   b e t w e e n   t h e   s a i d   s w i t c h   a n d  

e a r t h ,   a  c u r r e n t   w i l l   f l o w   t h r o u g h   t h e   d e t e c t i n g   u n i t   1 1 ,  

t h e   s w i t c h   161  and  t h e   f i r i n g   c i r c u i t   171  to   e a r t h .   T h i s  

c u r r e n t   i s   d e t e c t e d   by  t h e   d e t e c t i n g   u n i t   11  w h i c h   s u p p -  
l i e s   a  s i g n a l   to   t h e   l o g i c   u n i t   15  s i g n a l l i n g   t h a t   a  

c h a r g e   i s   c o n n e c t e d .   I f ,   on  t h e   o t h e r   h a n d ,   t h e r e   i s   n o  

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

r u p t e d ,   and  no  c u r r e n t   w i l l   f l o w   t h r o u g h   t h e   c u r r e n t   d e -  

t e c t i n g   u n i t   1 1 .  

The  d e v i c e   s t a r t s   by  s e a r c h i n g   f o r   a  f i r i n g   c i r c u i t  

w i t h o u t   c o n n e c t e d   c h a r g e   (23 ,   F i g .   2 ) ,   s a i d   c i r c u i t   d e -  

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

c o n n e c t e d   c h a r g e .   To  b e g i n   w i t h ,   t h e   f i r s t   s w i t c h   161  i s  

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

s w i t c h   161  i s   d i s c o n n e c t e d ,   and  t he   n e x t   s w i t c h   162  i s  

c l o s e d   ( 2 4 ,   F i g .   2 ) .   T h i s   p r o c e d u r e   is   r e p e a t e d   u n t i l   a  

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

t h e   s e a r c h   f o r   a  c o n n e c t e d   c h a r g e   is  b e g u n .   T h i s   s e a r c h  

i s   e f f e c t e d   in  t h e   same  m a n n e r ,   i . e .   t h e   n e x t   s w i t c h   i s  

c l o s e d ,   and  t h e   d e t e c t i n g   u n i t   11  d e t e c t s   if   any  c u r r e n t  



is  f l o w i n g   in  t he   c i r c u i t   (25 ,   26,  F i g .   2 ) .   If   n o t ,  

s c a n n i n g   is  c o n t i n u e d   on  the   n e x t   f i r i n g   c i r c u i t .   When 

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

and  t he   l o g i c   u n i t   15  s u p p l i e s   a  h i g h   c o n t r o l   s i g n a l   t o  

t h e   c u r r e n t   s w i t c h i n g   u n i t   10  w h i c h   s u p p l i e s   a  f i r i n g  

c u r r e n t   to  t he   c o n n e c t e d   c h a r g e   w h i c h   t h e n   i s   f i r e d   ( 2 7 ,  

F i g .   2 ) .   When  a  c h a r g e   has   been   f i r e d ,   t h e   f i r i n g   c i r c u i t  

may  be  s h o r t - c i r c u i t e d .   To  p r e v e n t   t h i s   s h o r t - c i r c u i t i n g  

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

t e s t   i s   made  a f t e r   a  p r e d e t e r m i n e d   t i m e   d e l a y   to   c h e c k   i f  

c u r r e n t   i s   s t i l l   f l o w i n g   in  t h e   f i r i n g   c i r c u i t   (28 ,   2 9 ,  

F i g .   2 ) .   i f   t h i s   i s   t h e   c a s e ,   t he   d e v i c e   g o e s   on  and  t r i e s  

to  f i r e   t he   n e x t   c h a r g e   (30 ,   F i g .   2 ) .   I f ,   h o w e v e r ,   t h e r e  

i s   no  c u r r e n t   f l o w i n g   in  t h e   f i r i n g   c i r c u i t ,   f i r i n g   h a s  

been   c o m p l e t e d ,   and  t h e   l o g i c   i s   l o c k e d   so  t h a t   n o t h i n g  

more  can  h a p p e n   d u r i n g   t h i s   f i r i n g   i m p u l s e   (31 ,   F i g .   2 ) .  

The  l o g i c   and  s e l e c t o r   u n i t   w i l l   now  be  d e s c r i b e d  

in  more  d e t a i l ,   r e f e r e n c e   b e i n g   had  to   F i g .   3.  A  g a t i n g  

n e t w o r k   51  has  f o u r   o u t p u t s ,   two  of  w h i c h   a r e   c o n n e c t e d  

to  a  J K - f l i p - f l o p   52,  w h i l e   t he   o t h e r   two  a r e   c o n n e c t e d  

to  a n o t h e r   J K - f l i p - f l o p   53.  The  Q - o u t p u t   of  t h e   J K - f l i p -  

f l o p   52  i s   c o n n e c t e d   on  t h e   one  hand   to   one   i n p u t   A2  o f  

a  s t a t u s   d e c o d e r   54  a n d ,   on  t h e   o t h e r   h a n d ,   back   t o  

t h e   g a t i n g   n e t w o r k   51,  w h i l e   i t s   c o m p l e m e n t a r y   Q - o u t p u t  

o n l y   is   fed  back   to  t h e   g a t i n g   n e t w o r k   51.   The  Q - o u t p u t  

of  t h e   o t h e r   J K - f l i p - f l o p   53  i s   f ed   b a c k   to   t h e   g a t i n g  

n e t w o r k   51,  to  t h e   s e c o n d   i n p u t   A   of  t h e   s t a t u s   d e c o d e r  

54  and  to  an  e n a b l e   i n p u t   on  an  a d d r e s s   c o u n t e r   55,  w h i l e  

i t s   c o m p l e m e n t a r y   Q - o u t p u t   i s   c o n n e c t e d   to   a  r e s e t   i n p u t  

R  on  a  maximum  t i m e   c o u n t e r   56,  t h e   o u t p u t   of  w h i c h   i s  

f ed   back   to  t he   i n p u t   M  of  t he   g a t i n g   n e t w o r k   51.  T h e  

a d d r e s s   c o u n t e r   55  has   s e v e n   o u t p u t s   c o r r e s p o n d i n g   e a c h  

to  one  b i t   in  an  a d d r e s s .   The  mos t   s i g n i f i c a n t   b i t   i s  

fed   back   to  t he   c o u n t e r ,   and  when  t h i s   b i t   i s   s e t   to  o n e ,  

t he   c o u n t e r   is  s t o p p e d .   The  f i v e   l e a s t   s i g n i f i c a n t   b i t s  

a r e   c o n n e c t e d   to  a  d e m u l t i p l e x o r   57,  t h e   d a t a   i n p u t   o f  

w h i c h   is   a l w a y s   s e t   to  one .   The  d e m u l t i p l e x o r   57  h a s  



t h i r t y - t w o   o u t p u t s   of  w h i c h   the   f i r s t   one  570  is   fed  b a c k  

t o   t h e   g a t i n g   n e t w o r k   51,  t h e   n e x t   t h i r t y   o u t p u t s   5 7 1  -  

5730  a r e   c o n n e c t e d   to   t h e   c o r r e s p o n d i n g   s w i t c h e s   1 6 1  -  

1630  ( s e e   P i g .   1)  and   t h e   l a s t   o u t p u t   5731  i s   no t   b e i n g  
u s e d .   The  s t a t u s   d e c o d e r   54  wh ich   a c t i v a t e s   t h e   d e m u l t i -  

p l e x o r   57  w i t h   a  s i g n a l   on  i t s   i n p u t   E,  has   an  o u t p u t   c o n -  
n e c t e d   t o  t h e   c u r r e n t   s w i t c h i n g   u n i t   10  f o r   t r a n s m i s s i o n  

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

a l s o   c o m p r i s e s   a  r e s e t t i n g   c i r c u i t   ( n o t   shown)   w h i c h ,   a t  
t h e   b e g i n n i n g   of  e a c h   f i r i n g   i m p u l s e ,   r e s e t s   t h e   J K - f l i p -  

f l o p s   52,   53,   t h e   a d d r e s s   c o u n t e r   55  and  t h e   maximum  t i m e  

c o u n t e r   56.   T h e r e   i s   a l s o   a  c l o c k   c i r c u i t   ( n o t   s h o w n )  

s u p p l y i n g   c l o c k   p u l s e s   to   t h e   l a s t - m e n t i o n e d   c i r c u i t s .  

When  t h e   d e v i c e   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  

r e c e i v e s   a  f i r i n g   i m p u l s e ,   t h e   J K - f l i p - f l o p s   52,  53,  t h e  

a d d r e s s   c o u n t e r   55  and  t h e   maximum  t i m e   c o u n t e r   56  a r e  
f i r s t   r e s e t .   Then  t h e   d e m u l t i p l e x o r   57  i s   a c t i v a t e d ,   i t s  

f i r s t   o u t p u t   570  b e i n g   s e t   to  one .   T h i s   o u t p u t   i s   c o n -  
n e c t e d   b a c k   to   t h e   g a t i n g   n e t w o r k   51  in   s u c h   a  m a n n e r   t h a t  

t h e   i n p u t s   of  t h e   f l i p - f l o p s   52,  53  w i l l   be  z e r o ,   i . e .  

t h e   s t a t u s   of  t h e   f l i p - f l o p s   c a n n o t   be  c h a n g e d   when  I  =  0 .  

T h i s   i s   u t i l i s e d   in   o r d e r   to   g e t   p a s t   t h e   o u t p u t   570.   A t  

t h e   n e x t   c l o c k   p u l s e ,   t h e   a d d r e s s   c o u n t e r   55  i s   i n c r e -  

m e n t e d   one  s t e p ,   and  t h e   n e x t   o u t p u t   57 .   on  t h e   d e m u l t i -  

p l e x o r   57  i s   s e t   t o   o n e .   The  c u r r e n t   t h r o u g h   t h e   c o r r e -  

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

i n d i c a t e d   by  m e a n s   of  a  s i g n a l   f rom  t h e   c u r r e n t   s e n s i n g  
u n i t   11  t o   t h e   g a t i n g   n e t w o r k   51.  When  a  f i r i n g   c i r c u i t  

w i t h o u t   c o n n e c t e d   c h a r g e   i s   e n c o u n t e r e d ,   t h e   Q - o u t p u t   o f  

t h e   J K - f l i p - f l o p   i s   s e t   to   o n e ,   w h e r e u p o n   t h e   d e v i c e   b e g i n s  
t o   s e a r c h   f o r   a  c o n n e c t e d   c h a r g e .   S c a n n i n g   i s   e f f e c t e d   i n  

t h e   same  m a n n e r   as  b e f o r e ,   and  i n c r e m e n t a t i o n   of  t h e  

a d d r e s s   c o u n t e r   55  c o n t i n u e s .   When  a  c o n n e c t e d   c h a r g e   i s  

e n c o u n t e r e d ,   t h e   Q - o u t p u t   of  t h e   J K - f l i p - f l o p   53  i s   s e t   t o  

o n e ,   t h e   a d d r e s s   c o u n t e r   55  b e i n g   s t o p p e d   and  t h e   s t a t u s  

d e c o d e r   54  s u p p l y i n g   a  h i g h   c o n t r o l   s i g n a l   to   t h e   c u r r e n t  

s w i t c h i n g   means   10  w h i c h   t r a n s m i t s   a  f i r i n g   c u r r e n t  



t h r o u g h   the   c o n n e c t e d   f i r i n g   c i r c u i t .   At  t h e   same  t i m e ,  

t he   maximum  t i m e   c o u n t e r   56  b e g i n s   to   c o u n t .   B e f o r e   t h e  

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

n o t h i n g   h a p p e n s ,   b u t   when  the   o u t p u t   s i g n a l   f rom  t h e  

c o u n t e r   g o e s   h i g h ,   t he   c u r r e n t   in  t h e   f i r i n g   c i r c u i t  

of  t h e   c h a r g e   j u s t   f i r e d   i s   s e n s e d .   I f   c u r r e n t   s t i l l  

f l o w s   in  t h e   c i r c u i t ,   t h e   Q - o u t p u t   of  t h e   J K - f l i p - f l o p   53  

i s   c l e a r e d ,   and  t h e   a d d r e s s   c o u n t e r   55  i s   a c t i v a t e d ,  

t h e   maximum  t i m e   c o u n t e r   56  i s   r e s e t ,   and  t h e   s e a r c h   f o r  

a  new  c o n n e c t e d   c h a r g e   i s   r e s u m e d .   I f ,   on  t h e   o t h e r   h a n d ,  

t h e r e   is  no  c u r r e n t   f l o w i n g   in  t h e   f i r i n g   c i r c u i t ,   t h e  

J K - f l i p - f l o p   52  i s   c l e a r e d ,   t h e   e n a b l e   i n p u t   E  of  t h e  

d e m u l t i p l e x o r   57  b e i n g   c l e a r e d ,   and  n o t h i n g   more   h a p p e n s  

d u r i n g   the   c u r r e n t   f i r i n g   i m p u l s e .  

F i n a l l y ,   m e n t i o n   s h o u l d   be  made  of  t h e   c a s e   w h e n  

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

t h e   d e v i c e ,   and  a l s o   t he   c a s e   when  t h e   d e v i c e   c o n t a i n s  

no  c h a r g e s .   In  t h e   f i r s t   c a s e ,   t h e   d e v i c e   w i l l   f i n d   n o  

empty   f i r i n g   c i r c u i t   when  s c a n n i n g   t h e   t h i r t y   f i r i n g  

c i r c u i t s   1 7 1  -  1 7 3 0 .   H o w e v e r ,   when  t h e   l a s t   o u t p u t   5 7 3 1  
of  t h e   s e l e c t o r   u n i t   i s   a d d r e s s e d ,   no  c u r r e n t   w i l l   f l o w  

t h r o u g h   the   c u r r e n t   d e t e c t i n g   u n i t   11  b e c a u s e   t h e  

a d d r e s s e d   o u t p u t   i s   no t   c o n n e c t e d   to   any  f i r i n g   c i r c u i t .  

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

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

c h a r g e   on  t he   o u t p u t   570.   In  t he   s e c o n d   c a s e ,   on  t h e  

o t h e r   hand ,   a  f i r i n g   c i r c u i t   w i t h o u t   c h a r g e   i s   f o u n d  

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

e n c o u n t e r i n g   any  c o n n e c t e d   c h a r g e .   When  t h e   mos t   s i g n i -  

f i c a n t   b i t   of  t h e   a d d r e s s e d   c o u n t e r   55  i s   o n e ,   i . e .   w h e n  

a l l   f i r i n g   c i r c u i t s   have   been   s c a n n e d   t w i c e ,   s c a n n i n g   i s  

s t o p p e d .  

F i g .   4  i l l u s t r a t e s   t he   c i r c u i t   d i a g r a m   of  t h e  

c u r r e n t   s w i t c h i n g   u n i t   10,  t he   c u r r e n t   d e t e c t i n g   u n i t   11 

and  a  s w i t c h   161  f o r   c o n n e c t i o n   of  a  f i r s t   f i r i n g   c i r c u i t  

171.  The  c u r r e n t   s w i t c h i n g   u n i t   10  has   an  i n p u t   61  w h i c h  

r e c e i v e s   a  c o n t r o l   s i g n a l   from  t he   l o g i c   and  s e l e c t o r   u n i t  



15,  and  an  i n p u t   62  w h i c h   r e c e i v e s   t he   f i r i n g   i m p u l s e s .  

The  i n p u t   61  i s   c o n n e c t e d   to   a  z e n e r   d i o d e   63  w h i c h   i s  

c o n n e c t e d   to   e a r t h   v i a   a  r e s i s t o r   64  and  to  t h e   b a s e   o f  

a  t r a n s i s t o r   66  v i a   a  r e s i s t o r   65.  The  i n p u t   62  i s  

c o n n e c t e d   t o   t h e   c o l l e c t o r   of  t h e   t r a n s i s t o r   66  v i a   t w o  

r e s i s t o r s   68  and  69  b e t w e e n   w h i c h   t h e   b a s e   of  a  D a r l i n g t o n  

a m p l i f i e r   67  i s   c o n n e c t e d .   A  r e s i s t o r   70  l i m i t i n g   t h e  

f i r i n g   c u r r e n t   may  be  c o n n e c t e d   b e t w e e n   t he   e m i t t e r   o f  

t h e   D a r l i n g t o n   a m p l i f i e r   67  and  a  s w i t c h   161.   The  s w i t c h  

161  i s   a  D a r l i n g t o n   a m p l i f i e r   w h i c h   is  b i a s e d   f rom  t h e  

c o r r e s p o n d i n g   o u t p u t   15.  of  t h e   l o g i c   u n i t   15,  f o r  

c o n n e c t i o n   of  a  f i r i n g   c i r c u i t   171.   The  o t h e r   s w i t c h e s  

1 6 2  -  1 6 3 0   and  t he   f i r i n g   c i r c u i t s   1 7 2  -   1730  a r e   s i m i -  

l a r l y   a r r a n g e d .  

The  c u r r e n t   d e t e c t i n g   u n i t   11  c o m p r i s e s   two  t r a n -  

s i s t o r   s t a g e s .   The  f i r s t   s t a g e   c o m p r i s e s   r e s i s t o r s  

73,   74  c o n n e c t e d   in  p a r a l l e l   w i t h   t h e   D a r l i n g t o n   a m p l i f i e r  

67  and   t h e   r e s i s t o r   70,  and  a  t r a n s i s t o r   75  whose   c o l l e c -  

t o r   i s   c o n n e c t e d   to   t h e   s e c o n d   t r a n s i s t o r   s t a g e .   T h e  

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

7 6 ,  7 7 ,   a  c o l l e c t o r   r e s i s t o r   78  w h i c h   i s   c o n n e c t e d   t o  

t h e   v o l t a g e   s u p p l y ,   and  a  t r a n s i s t o r   79.  The  v o l t a g e  

b e t w e e n   t h e   c o l l e c t o r   and  e m i t t e r   of  t h e   r e s i s t o r   79 

c o n s t i t u t e s   t h e   i n p u t   s i g n a l   to   t h e   l o g i c   u n i t   1 5 .  

When  t h e   o u t p u t   151  of  t h e   l o g i c   and  s e l e c t o r   u n i t  

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

t h e   s w i t c h   16 ,   i s   b i a s e d .   If   a  c h a r g e   i s   c o n n e c t e d   i n  

t h e   f i r i n g   c i r c u i t   171  b e t w e e n   t h e   s a i d   s w i t c h   161  a n d  

e a r t h ,   a  c l o s e d   c i r c u i t   i s   f o r m e d   f rom  t h e   i n p u t   62  

v i a   t h e   D a r l i n g t o n   a m p l i f i e r   67,  t h e   r e s i s t o r   70  

l i m i t i n g   t h e   f i r i n g   c u r r e n t ,   t h e   D a r l i n g t o n   a m p l i f i e r   161 
and  t h e   f i r i n g   c i r c u i t   171  to  e a r t h ,   as  w e l l   as  t h r o u g h  

t h e   p a r a l l e l   b r a n c h   c o m p r i s i n g   t he   r e s i s t o r s   73,  74.  I f  

t h e   c o n t r o l   s i g n a l   on  t h e   i n p u t   61  of  t h e   c u r r e n t   s w i t c h -  

ing   u n i t   10  in  t h i s   i n s t a n c e   i s   low,   t he   D a r l i n g t o n   a m p l i -  

f i e r   67  i s   t h r o t t l e d ,   and  bu t   a  low  c u r r e n t ,   t he   c h e c k i n g  

c u r r e n t ,   f l o w s   t h r o u g h   t he   r e s i s t o r s   73,  74  to  t he   f i r i n g  



c i r c u i t   171.  I f ,   i n s t e a d ,   t h e   s a i d   c o n t r o l   s i g n a l  

is  h i g h ,   c u r r e n t   f l o w s   t h r o u g h   b o t h   b r a n c h e s   to  t h e  

f i r i n g   c i r c u i t   171.  S i n c e   t h e   D a r l i n g t o n   a m p l i f i e r  

67  is  in  a  c o n d u c t i v e   s t a t e ,   t h e   c u r r e n t   in  t h i s   b r a n c h  

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

c u r r e n t .   In  bo th   of  t h e s e   c a s e s ,   c u r r e n t   i s   t h u s  f l o w i n g  

t h r o u g h   t h e   r e s i s t o r s   73,  74  of  t h e   c u r r e n t   d e t e c t i n g  

u n i t ,   t h e   t r a n s i s t o r   75  as  w e l l   as  t h e   t r a n s i s t o r   79  

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

s i g n a l   i n d i c a t i n g   t h a t   a  c h a r g e   i s   c o n n e c t e d   in  t h e  

f i r i n g   c i r c u i t .   I f ,   on  the   o t h e r   h a n d ,   t h e r e   is   n o  

c h a r g e   in  the   f i r i n g   c i r c u i t   c o n n e c t e d ,   t he   c i r c u i t  

from  t he   i n p u t   62  to  e a r t h   i s   i n t e r r u p t e d ,   and  n o  

c u r r e n t   w i l l   f low  t h r o u g h   t h e   c u r r e n t   d e t e c t i n g   u n i t  

11.  In  such   a  c a s e ,   t h e r e   i s   no  b i a s i n g   of  t h e   t r a n -  

s i s t o r s   75  and  79,  and  the   l o g i c   u n i t   r e c e i v e s   a  s i g n a l  

i n d i c a t i n g   t h a t   t h e r e   is  no  c h a r g e   in  t h e   c i r c u i t .  

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   a b o v e   d e s c r i b e d  

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

t i o n   is   bu t   an  e x a m p l e   and  s h o u l d   no t   be  i n t e r p r e t e d  

as  i f   t h e   number   of  c h a r g e s   w e r e   r e s t r i c t e d   to  t h i r t y .  



1.  A  d e v i c e  f o r   l o c a t i n g   and   s u b s e q u e n t   f i r i n g  
of  a  p y r o t e c h n i c   c h a r g e   c o n n e c t e d   in  a  f i r i n g   c i r c u i t  

( 1 7 1  -  1 7 3 0 )   in   a  f i r i n g   u n i t   c o m p r i s i n g   a  p l u r a l i t y   o f  

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

c o m p r i s i n g ,   on  t h e   one  h a n d ,   a  c u r r e n t   s w i t c h i n g   u n i t  

(10)   w h i c h   i s   a d a p t e d ,   upon  r e c e i p t   of  a  v o l t a g e   p u l s e  

i n d i c a t i n g   t h a t   a  c h a r g e   i s   to   be  f i r e d ,   to   c o n n e c t   t o  

one  of  t h e   f i r i n g   c i r c u i t s   of  t h e   f i r i n g   u n i t   a  c h e c k i n g  

c u r r e n t   i n s u f f i c i e n t   for   f i r i n g   a  c h a r g e ,   to  c h e c k  

w h e t h e r   a  c h a r g e   i s   c o n n e c t e d   in  t h e   f i r i n g   c i r c u i t   c o n -  

c e r n e d ,   and  a d a p t e d ,   if   t h i s   i s   n o t   t h e   c a s e ,   to  r e p e a t  

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

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

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

s u f f i c i e n t   f o r   f i r i n g   to   t h e   f i r i n g   c i r c u i t   in  w h i c h   t h e  

c h a r g e   h a s   b e e n   f o u n d   a n d ,   on  t h e   o t h e r   h a n d ,   a  c u r r e n t  

d e t e c t i n g   u n i t   ( 11 )   a d a p t e d   to   e f f e c t   t h e   s a i d   c h e c k   b y  

d e t e c t i n g   i f   c u r r e n t   i s   f l o w i n g   t h r o u g h   t h e   f i r i n g  

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

l o g i c   u n i t   ( 1 5 )   c o n n e c t e d   b e t w e e n   s a i d   c u r r e n t   d e t e c t i n g  

u n i t   ( 1 1 )   and   s a i d   c u r r e n t   s w i t c h i n g   u n i t   (10)   f o r  

c o n t r o l l i n g   t h e   s u p p l y   of  c h e c k i n g   c u r r e n t   and  f i r i n g  

c u r r e n t   by  s a i d   c u r r e n t   s w i t c h i n g   u n i t   in  r e s p o n s e  
to   t h e   c h e c k   made  by  s a i d   c u r r e n t   d e t e c t i n g   u n i t   ( 1 1 ) ,  

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

v o l t a g e   i s   t a k e n   f rom  t h e   s a i d   v o l t a g e   p u l s e .  

2.  A  d e v i c e   as  c l a i m e d   in  c l a i m   1,  c  h  a  r  a  c -  

t  e  r  i  s e d   by  a  s e l e c t o r   u n i t   (57)   a d a p t e d   to   c o n n e c t  

one  f i r i n g   c i r c u i t   ( 1 7  -   1730)   a t   a  t i m e   to  s a i d   c u r r e n t  

s w i t c h i n g   u n i t   (10)   and  s a i d   c u r r e n t   d e t e c t i n g   u n i t   ( 1 1 )  

f o r   c h e c k i n g   w h e t h e r   a  c h a r g e   is   c o n n e c t e d   in  t he   r e s p e c -  

t i v e   f i r i n g   c i r c u i t .  



3.  A  d e v i c e   as  c l a i m e d   in  c l a i m   1  or  2,  c  h a  r -  

a c t  e  r  i  s e d   in  t h a t   s a i d   l o g i c   u n i t   (15)   c o m p r i s e s  

a  c o u n t e r   (56)   a d a p t e d   to  s u p p l y ,   a t   a  p r e d e t e r m i n e d   t i m e  

a f t e r   f i r i n g   of  a  c h a r g e ,   a  s i g n a l   w h i c h   c a u s e s   a  c h e c k  

to  be  made  as  to  w h e t h e r   c u r r e n t   i s   f l o w i n g   in  t h e   f i r i n g  

c i r c u i t   of  t h e   f i r e d   c h a r g e   ( 1 7 1  -   1 7 3 0 ) .  
4.  A  d e v i c e   as  c l a i m e d   in  a n y  o n e   of  c l a i m s   1 - 3 ,  

c  h  a  r  a c t  e  r  i  s e d   in  t h a t   s a i d   l o g i c   u n i t   ( 1 5 )  

c o m p r i s e s   an  a d d r e s s   c o u n t e r   (55)   a d a p t e d   to   i n d i c a t e  

w h i c h   f i r i n g   c i r c u i t   ( 1 7 1  -  1 7 3 0 )   i s   to  be  c o n n e c t e d   t o  

s a i d   c u r r e n t   s w i t c h i n g   u n i t   (10)   and  to  s t o p   when  a l l  

f i r i n g   c i r c u i t s   have   been   s c a n n e d   t w i c e   w i t h o u t   e n c o u n t e r -  

ing  any  c h a r g e .  

5.  A  d e v i c e   as  c l a i m e d   in  a n y  o n e   of  c l a i m s   1 - 4 ,  

c  h  a  r  a c t  e  r  i  s e d   in  t h a t   t he   l o g i c   u n i t   ( 1 5 )  

is   so  a r r a n g e d   t h a t   a  s e a r c h   is   made  f o r   a  f i r i n g   c i r -  

c u i t   ( 1 7 1  -   1730)   h a v i n g   no  c o n n e c t e d   c h a r g e ,   b e f o r e  

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

t h e   s t a r t i n g   p o i n t   of  s a i d   l a s t - m e n t i o n e d   s e a r c h   m a y  
be  v a r i e d .  
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