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©  A  rocket  firing  system  and  a  method  of  firing  a  rocket. 

A  rocket  firing  system  comprises  a  magnetic  core  D,  a 
co-axial  driver  coil  A,  and  a  sensor  coil  or  coils  B1,  B2  which 
are  connected  to  a  device  which  detects the  presence  and  the 
desired  state  of  a  further  coil  C  which  is  inductively  linked  to 
core  D.  In  use  a  low-power  signal  voltage  is  first  applied  to 
coil  A;  subject  to  the  detector  device  indicating  the  presence 
and  desired  state  of  the  firing  circuit  of  the  rocket,  which 
includes  coil  C,  an  operating  power voltage  is  then  applied to 
coil A to  induce  a  firing  voltage  in  the  firing  circuit.  As  shown 
two  sensor  coil  parts  B1,  B2 lie  transversely  of  the  driver  coil 
A.  Alternatively  the  coil  parts  may  be  arranged  co-axially 
with  core  D.  Coil  C  produces  an  asymmetrical  flux  pattern 
relative  to  coil  parts  B1,  B2,  which  are  preferably  connected 
in  a  bridge  circuit. 



T h i s   i n v e n t i o n   r e l a t e s   to  a  r o c k e t   f i r i n g   s y s t e m   a n d  

to  a  m e t h o d   of  f i r i n g   a  r o c k e t ;   t h e   r o c k e t   f i r i n g  

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

I t   i s   a l r e a d y   known  to  f i r e   r o c k e t s   and  o t h e r   p y r o -  

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

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

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

c h e c k   u p o n   t h e   p r e s e n c e   of  t h e   r o c k e t ,   and  upon   t h e  

e f f e c t i v e n e s s   of  t h e   f i r i n g   c i r c u i t   of  t he   r o c k e t   i t s e l f .  

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

p r e v i o u s l y   b e e n   k n o w n .  

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

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

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

l i n k e d   w i t h   t he   c o r e   and  d r i v e r   c o i l ,   and  a  d e t e c t o r  

d e v i c e   c o n n e c t e d   to  t he   s e n s o r   c o i l   to  d e t e r m i n e   t h e  

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

w i t h   t h e   c o r e .   P r e f e r a b l y ,   t he   s e n s o r   c o i l   is   in  t w o  

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

d r i v e r   c o i l .  

The  f i r i n g   s y s t e m   may  be  e m b o d i e d   in  a  r o c k e t  



l a u n c h e r   d e v i c e .  

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

a  r o c k e t   h a v i n g   an  i n d u c t i v e   f i r i n g   c i r c u i t   a d a p t e d   t o  

be  m a g n e t i c a l l y   l i n k e d   by  a  f i r i n g   s y s t e m   h a v i n g   a  

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

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

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

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

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

in   t h e   s e n s o r   c o i l ,   and  t h e r e a f t e r   an  o p e r a t i n g   p o w e r  

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

f i r i n g   v o l t a g e   i n   t he   f i r i n g   c i r c u i t .  

In  o r d e r   t h a t   t h e   i n v e n t i o n   s h a l l   be  c l e a r l y   u n d e r s t o o d  

an  e x e m p l a r y   e m b o d i m e n t   t h e r e o f   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   d r a w i n g s   in   w h i c h : -  

F i g u r e   1  shows  t h e   p h y s i c a l   d i s p o s i t i o n   of   t h e  

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

t h e   i n v e n t i o n ;   a n d  

F i g u r e   2  shows  t h e   e l e c t r i c a l   c o n n e c t i o n s   o f  

t h e   f i r i n g   s y s t e m .  

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

c o m p r i s e s   in   e s s e n c e   a  m a g n e t i c   c o r e   D,  w h i c h   i s  

s u r r o u n d e d   by  a  d r i v e r   c o i l   A.  M o u n t e d   in   c l o s e  

p h y s i c a l   p r o x i m i t y   to  t h e   c o i l   A  is   a  s e n s o r   c o i l   B 

w h i c h   is  d i v i d e d   i n t o   two  p a r t s   B1  and  B2.  The  c o i l  

B  has  i t s   m a g n e t i c   a x i s   p e r p e n d i c u l a r   to  t h a t   of  c o i l   A 

and  to  t h e   c o r e   D .  

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

c o r e   D  a l i g n s   w i t h   a  c o i l   C  m o u n t e d   on  a  r o c k e t  



p o s i t i o n e d   in   t h e   l a u n c h e r .   The  c o i l   C  is   c o n n e c t e d  

in   c i r c u i t   w i t h   a  d e t o n a t o r   m a t c h   in   t h e   fo rm  of   a  

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

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

The  f i r i n g   c i r c u i t   d r i v i n g   c o i l   C  has   an  i n t e r n a l  

d i a m e t e r   l a r g e r   t h a n   t h e   c o r e   D,  and  when  t h e   r o c k e t  

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

an   i n d u c t i v e   l i n k   t h e r e w i t h .  

C o i l   A  i s   c o n n e c t i b l e   to   a  s u i t a b l e   a l t e r n a t i n g   c u r r e n t  

s u p p l y   and   w h i c h   i s   c o n t r o l l e d   a t   two  p o w e r   l e v e l s ,   a  l o w  

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

o p e r a t i n g   p o w e r   l e v e l   f o r   f i r i n g .   The  c o i l   B  i s   c o n n e c t e d  

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

s y s t e m   i s   s e t   up  by  m o v i n g   c o r e   D  w i t h   no  r o c k e t   p r e s e n t  

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

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

D  i s   t h e n   l o c k e d   in   p o s i t i o n .  

When  a  r o c k e t   i s   i n t r o d u c e d   i n t o   t h e   l a u n c h e r ,   w i t h  

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

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

c i r c u i t ,   w i l l   f l o w   in   c o i l   C.  T h i s   w i l l   r e s u l t   in   a  

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

D.  The  c o i l   B  w i l l   d e t e c t   t h i s   c h a n g e   f rom  t h e   n o r m a l  

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

w i l l   i n d i c a t e   t h e   p r e s e n c e   of  a  r o c k e t ,   and  t h e  

s a t i s f a c t o r y   s t a t e   of   t h e   f i r i n g   c i r c u i t   on  t he   r o c k e t .  

I f   t h e   r o c k e t   i s   p r e s e n t ,   b u t   t he   f i r i n g   c i r c u i t   i s  

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

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

f i e l d   when   t h e   s i g n a l   p o w e r   v o l t a g e   i s   a p p l i e d   to  c o i l   A .  



In  t he   p r e f e r r e d   form  shown ,   t he   c o i l   p a r t s   B1  and  B2 

a r e   wound  in   p o s i t i o n ,   and  p o s i t i o n e d   so  t h a t   o n e  

p a r t   w i l l   c u t   more   f l u x   t h a n   t h e   o t h e r   when  t h e   f l u x  

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

of  c o i l   C.  T h i s   g i v e s   a  g r e a t e r   s e n s i t i v i t y ,   and   s i n c e  

s i g n a l   in   c o i l   B  i s   a  min imum  in   t he   b a l a n c e   of  a  r o c k e t ,  

a l l o w s   t h e   u s e   of   a  t h r e s h o l d   d e t e c t o r   in   t h e   c i r c u i t  

to  e l i m i n a t e   e x t e r n a l   e f f e c t s .   The  c o i l   p a r t s   a r e  

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

s e n s o r   c o i l ,   or   one  c o - a x i a l   w i t h   t he   c o r e   D,  c o u l d  

in  t h e o r y   be  u s e d   b u t   i s   v e r y   much  l e s s   s e n s i t i v e .  

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

t h e   c o r e   D  a r e   u s e d ,   p r e f e r a b l y   in   a  b r i d g e   c i r c u i t .  

Such  a  f i r i n g   s y s t e m   i s   a d a p t e d   w e l l   to  b e i n g   a p p l i e d  

to  a  s e r i e s   of   l a u n c h e r s ,   and  t e s t i n g   and  f i r i n g  

can   be  c a r r i e d   o u t   r e m o t e l y ,   e i t h e r   s e q u e n t i a l l y   o r  

in  u n i s o n .  



1.  A  r o c k e t   f i r i n g   s y s t e m   c h a r a c t e r i s e d   in  t h a t  

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

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

l i n k e d   w i t h   t he   c o r e   and  d r i v e r   c o i l ,   and  a  d e t e c t o r  

d e v i c e   c o n n e c t e d   to  t h e   s e n s o r   c o i l   to  d e t e r m i n e   t h e  

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

l i n k a g e   w i t h   t he   c o r e .  

2.  A  s y s t e m   a c c o r d i n g   to  c l a i m   1,  w h e r e i n   t h e  

s e n s o r   c o i l   is   in  two  p a r t s   l y i n g   t r a n s v e r s e l y   of  a n d  

c l o s e l y   a d j a c e n t   t he   d r i v e r   c o i l .  

3.  A  s y s t e m   a c c o r d i n g   to  c l a i m   1,  w h e r e i n   t h e  

s e n s o r   c o i l   is   in  two  p a r t s   e a c h   of  w h i c h   i s   c o - a x i a l  

w i t h   t h e   d r i v e r   c o i l .  

4.  A  s y s t e m   a c c o r d i n g   to  C l a i m   2  or   3,  w h e r e i n   t h e  

s e n s o r   c o i l   p a r t s   a r e   c o n n e c t e d   in   a  b r i d g e   c i r c u i t .  

5.  A  s y s t e m   a c c o r d i n g   to  any   of  c l a i m s   2  to  4  

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

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

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

more   f l u x   t h a n   the   o t h e r   c o i l   p a r t .  

. 6 .   A  s y s t e m   a c c o r d i n g   to  any  of  c l a i m s   2  to  5 

w h e r e i n   a  t h r e s h o l d   d e t e c t o r   is   c o n n e c t e d   to  s a i d  

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

7.  A  s y s t e m   a c c o r d i n g   to  any  p r e c e d i n g   c l a i m  

w h e r e i n   t h e   d r i v e r   c o i l  i s   c o n n e c t e d   to  an  a l t e r n a t i n g  

c u r r e n t   s u p p l y   and  is  s w i t c h a b l e   to  a t   l e a s t   two  p o w e r  

l e v e l s .  



8.  A  m e t h o d   of  f i r i n g   a  r o c k e t   h a v i n g   a n  

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

l i n k e d   by  a  f i r i n g   s y s t e m   h a v i n g   a  m a g n e t i c   c o r e ,  _  

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

c h a r a c t e r i z e d   in  t h a t   f i r s t   t he   c o r e   i s   b r o u g h t  

to  l i n k   m a g n e t i c a l l y   w i t h   t he   f i r i n g   c i r c u i t ,   t h e n   a  

l o w - p o w e r   s i g n a l   v o l t a g e ' i s   a p p l i e d   to   t h e   d r i v e r  

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

b e i n g   m o n i t o r e d   by  a  s i g n a l   g e n e r a t e d   in   t h e  

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

is   a p p l i e d   to  t h e   d r i v e r   c o i l   so  as  to   i n d u c e   a  

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

9.  A  m e t h o d   of   f i r i n g   a  r o c k e t   a c c o r d i n g   t o  

c l a i m   8  w h e r e i n ,   b e f o r e   t h e  c o r e   i s   b r o u g h t   to  l i n k  

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

s y s t e m   is   s e t   up  by  a p p l y i n g   s a i d   l o w - p o w e r   s i g n a l  

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

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

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

10.  A  m e t h o d   of  f i r i n g   a  r o c k e t   a c c o r d i n g   to  c l a i m   8 

or   c l a i m   9  w h e r e i n   t h e   p r e s e n c e   and  d e s i r e d   s t a t e   of  t h e  

f i r i n g   c i r c u i t   c a u s e   an  a s y m m e t r i c a l   f l u x   p a t t e r n   r e l a t i v e  

to  t h e   s e n s o r   c o i l .  
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