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@)  A  single-wire  selective  perforation  system  having  firing  safeguards. 

  A  method  and  system  for  selcting  and  arming  each  of  a 
plurality  of  firing  modules  in  a  single-line  selective  perforating 
system  is  disclosed.  A  single  firing  line  connects  each  firing 
module  one  at  a  time  in  a  sequence  to  a  control  unit  to  receive 
power  and  control  signals  therefrom.  Each  module  generates 
internally  a  module  active  time  interval  in  response  to  being 
connected  to  the  firing  line  power.  Each  time  interval  has  a  first 
portion  during  which  the  module  generates  an  identification 
pulse  to  the  control  unit  to  uniquely  identify  that  a  particular 
module  has  been  connected  to  the  firing  line,  and  a  second  por- 
tion  during  which  the  module  is  enabled  to  receive  a  selection 
pulse  from  the  control  unit  to  terminate  further  sequencing  of 
the  modules  to  locate  the  module  to  be  selected.  The  next 
module  to  receive  power  from  the  control  unit  is  connected 
to  the  firing  line  by  a  pass-through  switch  in  the  last  connected 
module  at  the  end  of  its  active  time  interval  if  that  module  was 
not  selected. 



BACKGROUND  OF  THE  INVENTION 

This  i n v e n t i o n   r e l a t e s   to  p e r f o r a t i n g   guns  used  in  wel l   c o m p l e t i o n  

o p e r a t i o n s .   More  p a r t i c u l a r l y ,   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  

s i n g l e - w i r e   s e l e c t i v e   gun  p e r f o r a t i n g   system  c a p a b l e   of  s e l e c t i n g   a n d  

f i r i n g   in  an  a r b i t r a r y   o rder   each  gun  in  a  p l u r a l i t y   of  guns  c o n n e c t e d  

in  a  f i r i n g   s t r i n g .  

Typ ica l   p r i o r - a r t   p e r f o r a t i n g   guns  g e n e r a l l y   used  in  w e l l  

c o m p l e t i o n   o p e r a t i o n s   c o n s i s t   of  a  p l u r l a i t y   of  guns  c o n n e c t e d  

v e r t i c a l l y   to  form  an  assembly  or  f i r i n g   s t r i n g   s u i t a b l e   or  l o w e r i n g  

in to   a  wel l   b o r e h o l e .   Each  gun  w i l l   c o n t a i n   one  or  more  s h a p e d  

c h a r g e s .   Each  charge   w i l l   have  a  d e t o n a t o r   or  b l a s t i n g   c a p  

c o n n e c t a b l e   to  a  f i r i n g   wire  for  r e c e i v i n g   an  e l e c t r i c a l   f i r i n g   p u l s e  

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

I t   is  o f t e n   d e s i r a b l e   in  wel l   c o m p l e t i o n   o p e r a t i o n s   to  have  e a c h  

gun  s e l e c t a b l e   for  f i r i n g   r a t h e r   than  having  a l l   guns  f i r i n g   at  t h e  

same  t ime.  F i r i n g   a l l   guns  at  t he  same   time  p roduces   p e r f o r a t i o n  

spac ing   d e t e r m i n e d   by  the  spac ing   of  the  guns  in  the  s t r i n g ,   u s u a l l y  

in  a  c l o s e l y - s p a c e d   a r r a n g e m e n t .   On  the  o the r   hand,  i n d i v i d u a l  

d e t o n a t i o n   of  the  cha rges   p e r m i t s   p e r f o r a t i o n s   to  be  made  at   v a r i o u s  

s e l e c t e d   d e p t h s ,   and  in  v a r i o u s   s e l e c t e d   (o f t en   wide ly   s e p a r a t e d )  

zones.   As  each  charge   is  d e t o n a t e d ,   the  s t r i n g   can  be  r e p o s i t i o n e d   t o  

the  next   l e v e l   where  ano the r   p e r f o r a t i o n   is  d e s i r e d ,   and  ano the r   g u n  

f i r e d .   This  p r o c e s s   can  c o n t i n u e   u n t i l   the  p roper   p e r f o r a t i o n   s p a c i n g  

is  o b t a i n e d   with  the  d e s i r e d   number  of  s h o t s .   A  f u r t h e r   b e n e f i t   i s  

o b t a i n e d   from  the  s i n g l e   d e t o n a t i o n   of  the  guns  --  v e r i f i c a t i o n   t h a t  

each  gun  f i r e d   and  t h a t   the  p rope r   number  of  p e r f o r a t i o n s   was  o b t a i n e d .  



However,  the  s e l e c t i o n   and  f i r i n g   of  a  s i n g l e   gun  in  the  s t r i n g  

may  i nvo lve   f a i l u r e s   which  would  p r e v e n t   the  p rope r   f i r i n g   of  t h e  

modules .   A  f a i l u r e   cou ld   occur   in  the  gun  to  be  s e l e c t e d   t h a t   wou ld  

p r e v e n t   i t   from  f i r i n g ;   a  f a i l u r e   could   occur  caus ing   the  f i r i n g   of  a  

wrong  gun  which  w i l l   be  e v e n t u a l l y   d e t e c t e d ;   or  a  f a i l u r e   could   o c c u r  

which  caused   the  u n d e t e c t e d   f i r i n g   of  a  wrong  gun.  Any  o n e ' o f   t h e s e  

f a i l u r e s ,   e s p e c i a l l y   in  many  of  the  p r i o r   a r t   d e v i c e s ,   would  d e f e a t  

the  p u r p o s e s   of  having  s e l e c t i v e   f i r i n g   of  the  guns  in  the  p e r f o r a t i o n  

o p e r a t i o n s .  

Many  s e l e c t i v e   f i r i n g   sys tems  and  methods  have  been  used  in  t h e  

p r i o r   a r t   to  s e l e c t   a  gun  for  f i r i n g   from  among  the  p l u r a l i t y   of  g u n s  

in  the  s t r i n g .   U.S.  P a t e n t   4 , 051 ,907   d i s c l o s e s   one  such  s y s t e m  

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

f i r i n g   of  the  guns  in  a  f i r i n g   s t r i n g   compr i sed   of  a  s u b s u r f a c e   m a s t e r  

u n i t   o p e r a t i v e l y   c o n n e c t e d   to  a  p l u r a l i t y   of  i d e n t i c a l   s l ave   sub  u n i t s  

or  f i r i n g   modules  t h a t   may  be  armed  and  f i r e d   in  an  a r b i t r a r y   o r d e r  

under  c o n t r o l   of  the  mas te r   u n i t   and  an  o p e r a t o r .  



S e q u e n c i n g   t h r o u g h   t h e   f i r i n g   m o d u l e s   f o r   s e l e c t i o n  

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

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

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

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

p u l s e s   f rom  t h e   s u r f a c e   v i a   t he   m a s t e r   s l a v e   u n i t   w h e n  

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

A  p r e d e t e r m i n e d   number   of   p u l s e s   (8  p u l s e s )   s e q u e n c e s   t h e  

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

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

c o u n t   4  a  c u r r e n t   p u l s e   is   p l a c e d   on  t h e   f i r i n g   l i n e ,   a t  

c o u n t   5  a  s w i t c h   is   c l o s e d   to  c h a r g e   a  f i r i n g   c a p a c i t o r  

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

6  a  f i r i n g   p u l s e   whose   a m p l i t u d e   is  e q u a l   to  t he   c u r r e n t  

v o l t a g e  o n   the   f i r i n g   l i n e   i s   a p p l i e d   to  a  b l o c k i n g   z e n e r  

d i o d e   w h i c h   i s   c o n n e c t e d   to  a  f i r i n g   s w i t c h   ( t h e   f i r i n g  

s w i t c h   is   no t   c l o s e d   b e c a u s e   the   v o l t a g e   on  the   f i r i n g  

l i n e   is   n o t   g r e a t e r   t h a n   t he   b r e a k   o v e r   v o l t a g e   of  t h e  

z e n e r   d i o d e ) ,   and  a t   c o u n t   9  a  p a s s - t h r o u g h   s w i t c h   i s  

c l o s e d   to  p a s s   t he   f i r i n g   l i n e   p o w e r   on  down  to  t he   n e x t  

l o w e r   m o d u l e   in  t he   s t r i n g .  

The  a b o v e   d e s c r i b e d   p r o c e s s   is   t h e n   r e p e a t e d   f o r   t h e  

n e x t   m o d u l e   to  be  c o n n e c t e d   to  t h e   f i r i n g   l i n e   p o w e r .   As  

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

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

m o d u l e s   w i l l   c o n t i n u e ,   one  a t   a  t i m e .   When  the   f i r i n g  

m o d u l e   to  be  s e l e c t e d   and  f i r e d   is  r e a c h e d ,   o n l y   s i x  

p u l s e s   w i l l   be  i s s u e d   by  the   m a s t e r   u n i t   u n d e r   c o n t r o l   o f  

t h e   o p e r a t o r .   T h e s e   s i x   p u l s e s   t a k e   the   p u l s e   c o u n t e r   i n  

t h e   f i r i n g   m o d u l e   to  be  s e l e c t e d   to  a  c o u n t   of  f i v e   w h i c h  

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

f i r i n g   c a p a c i t o r .   At  t h i s   p o i n t ,   t h e   o p e r a t o r   a t   t h e  

s u r f a c e   a c t i v a t e s   t he   arm  s w i t c h   w h i c h   r a i s e s   t he   f i r i n g  

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



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

d i s c h a r g e d   i n t o   t he   b l a s t i n g   c a p .   Six   p u l s e s   arm  t h e  

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

t h e   f i r i n g   s w i t c h   to  o c c u r   s i n c e   t he   f i r i n g   l i n e   v o l t a g e  
i s   now  g r e a t e r   t h a n   the   b l o c k i n g   z e n e r   d i o d e   v o l t a g e   t o  

p e r m i t   t h e   f i r i n g   s w i t c h   to  be  c l o s e d .   C l o s u r e   of  t h e  

f i r i n g   s w i t c h   c o n n e c t s   t he   f i r i n g   c a p a c i t o r   a c r o s s   t h e  

b l a s t i n g   cap  c i r c u i t .  

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

as  t h a t   d i s c l o s e d   in  4 , 0 5 1 , 9 0 7 ,   s u f f e r   f rom  s e v e r a l   d i s -  

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

s u r f a c e   and  s u b s u r f a c e   c i r c u i t r y   w i t h   c o n t i n u o u s   s u p e r -  
v i s i o n   and  i n t e r a c t i o n   r e q u i r e d   b e t w e e n   t he   s u r f a c e   a n d  

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

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

A n o t h e r   d i s a d v a n t a g e   is  t h a t   s e q u e n c i n g   t h r o u g h   t he   f i r i n g  
m o d u l e s   is   s o l e l y   u n d e r   c o n t r o l   of  the   s u r f a c e   e q u i p m e n t .  
A n o t h e r   d i s a d v a n t a g e   is   t he   l a c k   of  any  s a f e g u a r d s   f o r  

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

A c c o r d i n g l y ,   i t   w o u l d   be  a d v a n t a g e o u s   to  p r o v i d e   a  

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

in  a  s e q u e n c e ,   one   a t   a  t i m e ,   u n d e r   c o n t r o l   of  t he   m o d u l e s  

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

p o w e r   f rom  t he   f i r i n g   l i n e .   At  t h a t   t i m e   t he   m o d u l e   c a n  

be  s e l e c t e d   and  a rmed   f o r   f i r i n g .   I t   wou ld   a l s o   be  a d v a n -  

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

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

s i n g l e   m c d u l e   has   b e e n   c o n n e c t e d   in  t he   s e q u e n c e   to  t h e  

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

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

f i r i n g   and  t h a t   o n l y   t h a t   m o d u l e   w i l l   be  f i r e d   by  t h e  

f i r i n g   p u l s e .  



STmARY  OF  THE  INVENTION 

One  a s p e c t   of  the  p r e s e n t   i n v e n t i o n   is  d i r e c t e d   to  in  a  s i n g l e -  

l i n e   s e l e c t i v e   p e r f o r a t i n g   system  having  a  s i n g l e   f i r i n g   l i n e   f o r  

e l e c t r i c a l l y   c o n n e c t i n g   a  f i r i n g   c o n t r o l   u n i t   to  each  of  a  p l u r a l i t y  

of  shot   modules ,   one  at   a  time  in  a  p r e d e t e r m i n e d   s equence ,   where  e a c h  

module  is  adap ted   for  c o n n e c t i n g   the  c o n n e c t e d  c o n t r o l   u n i t   to  a  n e x t  

module,   a  method  of  s e l e c t i n g   a  module  for  f i r i n g   c h a r a c t e r i z e d   by  t h e  

s t ep   of  c o n n e c t i n g   each  module  one  at  a  time  in  the  p r e d e t e r m i n e d  

sequence  to  the  f i r i n g   l i n e   under  c o n t r o l   of  module  a c t i v e   t i m e  

i n t e r v a l s   i n t e r n a l l y   g e n e r a t e d   in  the  modules ,   where  each  modu le  

g e n e r a t e s   i t s   a c t i v e   time  i n t e r v a l   in  r e sponse   to  being  c o n n e c t e d   t o  

the  f i r i n g   l i n e   with  the  next   module  in  the  sequence   a u t o m a t i c a l l y  

connec t ed   to  the  f i r i n g   l i n e   at   the  end  of  the  a c t i v e   time  for  t h e  

l a s t   c o n n e c t e d   module  i f   t h a t   module  was  not  s e l e c t e d   for  f i r i n g  

dur ing   i t s   a c t i v e   time  i n t e r v a l .  

Another  a s p e c t   of  the  p r e s e n t   i n v e n t i o n   is  d i r e c t e d   to  a  s i n g l e -  

wire  s e l e c t i v e   p e r f o r a t i n g   system  for  s e l e c t i v e l y   d e t o n a t i n g   t h e  

cha rges   "in  a  p l u r a l i t y   of  f i r i n g   modules ,   one  a t   a  t ime,   c o m p r i s i n g :  

(a)  a  c o n t r o l   u n i t   o p e r a t i v e l y   connec t ed   to  the  modules  by  a  s i n g l e  

f i r i n g   l i n e   which  c a r r i e s   both  power  and  c o n t r o l   s i g n a l s   between  s a i d  

c o n t r o l   u n i t   and  the  modules;   and  (b)  a  p l u r a l i t y   of  s e l e c t a b l e   f i r i n g  

modules  v e r t i c a l l y   connec t ed   one  to  ano the r   for  form  an  e l o n g a t e d  

assembly  s u i t a b l e   for  l ower ing   in to   a  wel l   b o r e h o l e ,   the  a s s e m b l y  

i n c l u d i n g   sa id   c o n t r o l   u n i t ,   and  c h a r a c t e r i z e d   in  t h a t   each  m o d u l e ,  

(i)  c o n t a i n i n g   at   l e a s t   one  charge   and  where  each  module  i s  

a u t o m a t i c a l l y   connec t ed   one  at   a  time  to  the  f i r i n g   l i n e   in  a  

p r e d e t e r m i n e d   sequence   to  r e c e i v e   power  t h e r e f r o m ,   and  ( i i )   i n  

r e sponse   to  r e c e i p t   of  power  on  the  f i r i n g   l i n e ,   i n t e r n a l l y   g e n e r a t e s  

a  module  a c t i v e   time  i n t e r v a l   du r ing   which  the  module  and  i t s   c h a r g e  

may  be  s e l e c t e d   for  f i r i n g   by  sa id   c o n t r o l   u n i t ,   each  module  n o t  

s e l e c t e d   for  f i r i n g   du r ing   i t s   a c t i v e   time  i n t e r v a l   a u t o m a t i c a l l y  

c o n n e c t i n g   the  f i r i n g   l i n e   to  the  next   module  in  the  s e q u e n c e .  



BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

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

should   be  had  to  the  f o l l o w i n g   d e t a i l e d   d e s c r i p t i o n   taken  i n  

c o n n e c t i o n   wi th   the  accompanying  drawings   in  w h i c h :  

F i g u r e   1  is  an  i l l u s t r a t i o n   of  the  f i r i n g   s t r i n g   for  the  p r e s e n t  
i n v e n t i o n   suspended   in  a  wel l   b o r e h o l e ;  

F igu re   2  is  a  f u n c t i o n a l   block  d iagram  of  an  embodiment  of  t h e  

f i r i n g   module  i l l u s t r a t e d   in  F igure   1 ;  

F i g u r e   3  is  a  t iming   d iagram  i l l u s t r a t i n g   o p e r a t i o n s   of  t h e  

p r e s e n t   i n v e n t i o n   for  s e l e c t i n g ,   arming  and  f i r i n g   a  s e l e c t e d   module  

of  the  type  shown  in  F igure   2 ;  

F igu re   4  is  a  f u n c t i o n a l   block  d iagram  of  ano the r   embodiment  o f  

the  f i r i n g   module  i l l u s t r a t e d   in  F igure   1;  a n d  

F i g u r e  5   is  a  t i m i n g   d iagram  i l l u s t r a t i n g   o p e r a t i o n s   of  t h e  

p r e s e n t   i n v e n t i o n   for  s e l e c t i n g ,   arming  and  f i r i n g   a  s e l e c t e d   module  

of  the  type  shown  in  F igure   4 .  

S i m i l a r   r e f e r e n c e   numera ls   r e f e r   to  s i m i l a r   p a r t s   t h r o u g h o u t   t h e  

s e v e r a l   views  of  the  d r a w i n g s .  



BRIEF  DESCRIPTION  OF  THE 

PREFERRED  EMBODIMENT  OF  THE  INVENTION 

R e f e r r i n g   now  to  the  f i g u r e s   and  f i r s t   to  F igure   1,  a  f i r i n g  

s t r i n g   10  a c c o r d i n g   to  the  p r e s e n t   i n v e n t i o n   is  shown  suspended   by  a  

c a b l e  1 2   in  wel l   b o r e h o l e   1  having  a  wel l   c a s i n g   2.  The  f i r i n g   s t r i n g  

10  i n c l u d e s   a  c o n t r o l   u n i t   14  connec t ed   to  the  cab le   12  at  the  u p p e r -  

most  end.  C o n t r o l   u n i t   14  f u n c t i o n s   to  g e n e r a t e   the  c o n t r o l   s i g n a l s  

and  f i r i n g   l i n e   3  power  needed  by  the  f i r i n g   modules  to  s e l e c t   and  a rm 

t h e i r   cha rges   for  f i r i n g .   Connected   one  to  ano the r   below  the  c o n t r o l  

u n i t   14  is  a  p l u r a l i t y   of  i d e n t i c a l   f i r i n g   modules  5  to  form  a n  

e l o n g a t e d   assembly  s u i t a b l e   for  l ower ing   in to   the  wel l   b o r e h o l e   1 .  

C o n t r o l   u n i t   14  c o n t a i n s   a  c u r r e n t   d e t e c t i o n   means  6  for  d e t e c t i n g  

the  amount  of  c u r r e n t   in  the  f i r i n g   l i n e   3;  a  c o n t r o l   s i g n a l   g e n e r a t o r  

7  for  g e n e r a t i n g   c o n t r o l   s i g n a l s   to  the  f i r i n g   modules  to  s e l e c t   a n d  

arm  f o r " f i r i n g   a  module  to  be  s e l e c t e d   and  to  g e n e r a t e   a  f i r i n g   p u l s e  

to  d e t o n a t e   the  module  s e l e c t e d   and  armed  for  f i r i n g ;   and,  a  

c o n t r o l l a b l e   power  supply   8  for  g e n e r a t i n g   the  v o l t a g e   and  c u r r e n t  

needed  to  power  the  f i r i n g   m o d u l e s .  

Each  of  the  f i r i n g   modules  5  c o n t a i n s   at  l e a s t   one  shaped  c h a r g e d  

26  (See  F igure   2)  with  an  a s s o c i a t e d   d e t o n a t o r   24  to  form  a  shot   o r  

gun  for  b l a s t i n g   a  hole   th rough  the  wel l   c a s i n g   2  in to   the  s u b s u r f a c e  

f o r m a t i o n s .   Also  i n c l u d e d   in  each  module  is  a  module  l o g i c   c i r c u i t   18 

which  f u n c t i o n s   in  c o o p e r a t i o n   with  the  c o n t r o l   u n i t   14  and  t h e  

s i g n a l s   on  



t h e   f i r i n g   l i n e   3  g e n e r a l l y   i n d i c a t e d   in  F i g u r e   1  by  t h e  

s e g m e n t e d   s i g n a l   l e a d s   16,  22  c o n t a i n e d   in  e a c h   of   t h e  

m o d u l e s   5.  As  w i l l   be  d i s c u s s e d   b e l o w ,   t h e   f i r i n g   l i n e  

f r o m   t h e   c o n t r o l   u n i t   14  to  t he   v a r i o u s   m o d u l e s   5  c o n s i s t s  

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

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

l i n e   3  as  t he   v a r i o u s   m o d u l e s   a r e   c o n n e c t e d   one  a t   a  t i m e  

in  a  p r e s c r i b e d   s e q u e n c e   to  t h e   c o n t r o l   u n i t   14.  E a c h  

m o d u l e   5,  when  p h y s i c a l l y   c o n n e c t e d   to  a n o t h e r   m o d u l e   i n  

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

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

T h a t   i s ,   t h e   p o r t i o n   16  of  t h e   f i r i n g   l i n e   of  t h e   m o d u l e  

j u s t   c o n n e c t e d   makes   e l e c t r i c a l   c o n t a c t   w i t h   p o r t i o n   22  

-of  t h e   n e x t   h i g h e r   m o d u l e   to  w h i c h   i t   i s   c o n n e c t e d .  

S t i l l   r e f e r r i n g   to  F i g u r e   1,  e a c h   f i r i n g   m o d u l e   5 

c o n t a i n s   a  c o n t r o l l a b l e   s w i t c h   means   i l l u s t r a t e d   a s  

s w i t c h e s   20  and  21,   w h i c h   r e s p o n d s   to  t he   m o d u l e   l o g i c  

c i r c u i t   18  to   e i t h e r   p a s s   t h e   i n p u t   p o r t i o n   16  of  t h e  

f i r i n g   l i n e   3  c o m i n g   i n t o   t h e   f i r i n g   m o d u l e   o n t o   t h e  

o u t p u t   p o r t i o n   22  of  t he   f i r i n g   l i n e   3  w h i c h   p a s s e s   t h e  

f i r i n g   l i n e   p o w e r   on  down  to  t he   n e x t   m o d u l e   in  t he   s t r i n g  

( s w i t c h   2 0 ) ,   o r   c o n n e c t s   t h e   i n p u t   p o r t i o n   16  of  t h e  

f i r i n g   l i n e   3  to   t he   d e t o n a t o r   24  of  t h e   s h a p e d   c h a r g e   26  

( s w i t c h   2 1 ) .   I f   s w i t c h   21  is   c l o s e d   in  a  m o d u l e ,   t h a t  

m o d u l e   w o u l d   be  t he   m o d u l e   s e l e c t e d   f o r   f i r i n g   and  t h e  

m o d u l e   l o g i c   c i r c u i t   18  of  t h a t   s e l e c t e d   m o d u l e   w o u l d  

i n h i b i t   f u r t h e r   s e q u e n c i n g   of  l o w e r   m o d u l e s   in  the   s t r i n g  

iO  by  i n h i b i t i n g   s w i t c h   20  f rom  b e i n g   c l o s e d   to  p a s s   t h e  

f i r i n g   l i n e   p o w e r   on  t h r o u g h   to  the   n e x t   l o w e r   m o d u l e .  

In  t h o s e   m o d u l e s   s e q u e n c e d   b u t   n o t   s e l e c t e d   d u r i n g   c h e i r  

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

20  c o u l d   a l s o   i n c l u d e   s w i t c h i n g   to  g r o u n d   t h e i r   d e t o n a t o r  

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



S e q u e n c i n g   of  t he   s e l e c t a b l e   f i r i n g   m o d u l e s   b e g i n s  

w i t h   t h e   u p p e r m o s t   m o d u l e   c o n n e c t e d   to  t he   c o n t r o l   u n i t  

14.  The  u p p e r m o s t   m o d u l e   r e c e i v e s   p o w e r   f rom  t h e   c o n t r o l  

u n i t   14  when  power   i s   f i r s t   a p p l i e d   to  t h e   f i r i n g   l i n e   3 .  

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

p r o c e s s   and  is  no t   s e l e c t e d   f o r   f i r i n g ,   t h e   n e x t   l o w e r  

m o d u l e   in  t h e   s t r i n g   i s   t h e n   c o n n e c t e d   to  t h e   f i r i n g   l i n e .  

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

e x e c u t e d   i t s   s e l e c t i o n   s e q u e n c e .  

The  s e l e c t i o n   s e q u e n c e   f o r   e a c h   f i r i n g   m o d u l e   5  i s  

b e s t   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  w h i c h   i l l u s t r a t e s  

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

R e f e r r i n g   now  to  F i g u r e   2,  the   i n p u t   p o r t i o n   16  of  t h e  

f i r i n g   l i n e   3  i s   c o n n e c t e d   to  a  c o n s t a n t   c u r r e n t   p o w e r  

s u p p l y   29  f o r   r e g u l a t i n g   t h e   v o l t a g e   on  t he   f i r i n g   l i n e   3 

to   p r o d u c e   t h e   s u p p l y   v o l t a g e   f o r   t he   c i r c u i t s   of  t h e  

m o d u l e .   The  f i r i n g   l i n e   i s   a l s o   c o n n e c t e d   t o - a   f i r i n g  

l i n e   p u l s e   d e t e c t o r   37.  The  o u t p u t   f rom  f i r i n g   l i n e   p u l s e  

d e t e c t o r   37  is   c o n n e c t e d   to  a  f l i p - f l o p  4 1 .   T o g e t h e r ,  

p u l s e   d e t e c t o r   37  and  f l i p - f l o p   41  c o m p r i s e   a  s t o p   p u l s e  

d e t e c t o r   34  f o r   g e n e r a t i n g   a  s t o p   p u l s e   to  t e r m i n a t e   t h e  

m o d u l e   a c t i v e   t i m e   i n t e r v a l   i f   t he   m o d u l e   i s   to  be  s e l e c t e d  

and  a rmed   f o r   f i r i n g .   The  f i r i n g   l i n e   p u l s e   d e t e c t o r   3 7  

r e s p o n d s   to  v o l t a g e   p u l s e s   on  the   f i r i n g   l i n e   to  d e t e c t  

when  t h e   c o n t r o l   u n i t   14  h a s   i s s u e d   s e l e c t i o n   and  a r m i n g  

p u l s e s   on  t he   f i r i n g   l i n e   3 .  

A l s o   i n c l u d e d   in  e a c h   m o d u l e   is  a  c o u n t e r   c i r c u i t  

means   32  w h i c h   r e s p o n d s   to  an  i n t e r n a l   o s c i l l a t o r   c l o c k  

28  to  p r o d u c e   i n t e r n a l l y   to  the   m o d u l e   a  m o d u l e   a c t i v e  

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

f o r   f i r i n g   is   p o s s i b l e .   The  o s c i l l a t o r   c l o c k   28,  in  c o n -  

j u n c t i o n   w i t h   t h e   number   of  b i t s   in  the   b i n a r y   c o u n t e r   3 5  

i n c l u d e d   in  t he   c o u n t e r   means   32,  d e t e r m i n e s   t he   l e n g t h   o f  



the  module  a c t i v e   time  i n t e r v a l .   A  power  r e s e t   pu l se   g e n e r a t o r   30  i s  

a l so   i n c l u d e d   in  each  module  5  for  g e n e r a t i n g   a  r e s e n t   pu l se   upon  t h e  

i n i t i a l   r e c e i p t   of  power  on  the  f i r i n g   l i n e   16.  The  power  r e s e n t  

p u l s e   i n i t i a t e s   the  s t a r t   of  the  a c t i v e   time  i n t e r v a l   by  r e s e t t i n g  

c o u n t e r   3 5 .  

The  power  r e s e n t   p u l s e   has  an  a d d i t i o n a l   f u n c t i o n   of  g e n e r a t i n g   a  

c u r r e n t   i n c r e a s e   pu l se   on  the  f i r i n g   l i n e   3  back  to .  the   c o n t r o l  u n i t  

14  to  i n d i c a t e   t h a t   a  next   module  has  been  connec t ed   to  the  f i r i n g  

l i n e   3.  This  c u r r e n t   pu l se   is  the  i d e n t i f i c a t i o n   pu l se   for  t h e  

module,   and  must  meet  c e r t a i n   r e q u i r e m e n t s .   F i r s t ,   the  magni tude   o f  
the  i n c r e a s e   in  the  f i r i n g   l i n e   3  c u r r e n t   must  be  w i t h i n   a  

p r e d e t e r m i n e d   range  to  i n d i c a t e   t h a t   the  j u s t   connec t ed   module  i s  

o p e r a t i n g   in  a c c e p t a b l e   l i m i t s   and  t h a t   only  one  module  is  r e s p o n d i n g  

to  the  f i r i n g   l i n e   power.  Second,  the  o c c u r r e n c e   of  t h e  

i d e n t i f i c a t i o n   pu l se   must  be  w i t h i n   a  p r e d e t e r m i n e d   window  m e a s u r e d  

from  the  l a s t   i d e n t i f i c a t i o n   p u l s e   on  the  f i r i n g   l i n e .  

The  c o n t r o l   means  14  i n c l u d e s   (not  shown)  a  means  for  d e t e c t i n g  

the  amount  of  c u r r e n t   on  the  f i r i n g   l i n e .   There  are  s e v e r a l   r e a s o n s  

for  m o n i t o r i n g   t h i s   c u r r e n t .   F i r s t ,   by  c o u n t i n g   the  number  o f  

i d e n t i f i c a t i o n   p u l s e s   g e n e r a t e d   on  the  f i r i n g   l i n e ,   the  c o n t r o l   means 

14  can  d e t e r m i n e   which  of  the  modules  has  j u s t   been  connec t ed   to  t h e  

f i r i n g   l i n e .   In  t h i s   manner,   the  module  to  be  s e l e c t e d   can  t e  

d e t e c t e d   as  the  modules  a u t o m a t i c a l l y   sequence  through  t h e i r   a c t i v e  

t imes .   The  c o n t r o l   means  14  a l so   i n c l u d e s   a  means  for  g e n e r a t i n g   b o t h  

the  s e l e c t i o n   and  arming  s i g n a l s   as  well   as  the  f i r i n g   pu l se   wh ich  

w i l l   d e t o n a t e   the  module  which  has  been  s e l e c t e d   and  armed  for  f i r i n g .  



S t i l l   r e f e r r i n g   to  F i g u r e   2,  t he   s t o p   p u l s e   d e t e c t o r  

34  i s   shown  c o m p r i s e d   of  a  f i r i n g   l i n e   p u l s e   d e t e c t o r   37  

w h i c h   r e s p o n d s   to  s i g n a l s   on  the   i n p u t   p o r t i o n   16  of  t h e  

f i r i n g   l i n e   3,  and  a  f l i p - f l o p   41  t h a t ,   in  t u r n ,   r e s p o n d s  
to  t he   o u t p u t   of  t he   f i r i n g   l i n e   p u l s e   d e t e c t o r   37  and  t h e  

b i n a r y   c o u n t e r   35,   to   g e n e r a t e   two  c o n t r o l   s i g n a l s .   F i r s t ,  

a  STOP  CLOCK  s i g n a l   i s   o u t p u t t e d   by  f l i p - f l o p   41  on  l i n e  

50  to   one  i n p u t   of  an  AND  g a t e   33.  A l s o   i n p u t t e d   to  AND 

g a t e   33  i s   t h e   o u t p u t   f rom  o s c i l l a t o r   c l o c k   28.  AND  g a t e  
33,   when  e n a b l e d ,   o u t p u t s   t h e   c l o c k i n g   s i g n a l   to  c o u n t e r  

35.   The  s i g n a l   STOP  CLOCK  f u n c t i o n s   as  a  d i s a b l e   s i g n a l  

to  i n h i b i t   f u r t h e r   c l o c k i n g   of  t h e   c o u n t e r   35  w h e n  t h e  

s e l e c t i o n   p u l s e   is  r e c e i v e d   on  t he   f i r i n g   l i n e   3 .  

When  t h e   s i g n a l   STOP  CLOCK  g o e s   to  a  l o g i c   z e r o ,   AND 

g a t e   33  w i l l   be  i n h i b i t e d   f rom  s u p p l y i n g   any  f u r t h e r   c l o c k  

s i g n a l s   to  t he   c o u n t e r   35.  At  t he   same  t i m e   t h a t   STOP 

CLOCK  g o e s   to  a  l o g i c   z e r o ,   t h e   s i g n a l   ARM  CONTROL,  a l s o  

o u t p u t t e d   by  f l i p - f l o p   41,  g o e s   to  a  l o g i c   o n e .   ARM  CON- 

TROL  a p p e a r s   on  s i g n a l   l e a d   39  to  t h e   f i r i n g   s w i t c h   2 1 .  

The  s i g n a l   ARM  CONTROL  c l o s e s   t he   f i r i n g   s w i t c h   21  t o  
c o n n e c t   t he   c a t h o d e   of  z e n e r   d i o d e   43  to  t h e   d e t o n a t o r   24  

a s s o c i a t e d   w i t h   t h e   s h a p e d   c h a r g e   26  of  t h e   m o d u l e .   T h e  

a n o d e   p o r t i o n   of   t he   z e n e r   d i o d e   43  i s   c o n n e c t e d   to  t h e  

i n p u t   p o r t i o n   16  of  t he   f i r i n g   l i n e   3.  For  t h i s   p r e f e r r e d  
e m b o d i m e n t   of  t h e   i n v e n t i o n ,   t h e   s e l e c t i o n   p u l s e   on  f i r i n g  

l i n e   3  a l s o   a c t s   to  arm  t h e   m o d u l e   f o r   f i r i n g .  

The  i m p r o v e d   s i n g l e - w i r e   s e l e c t i v e   p e r f o r a t i n g   s y s t e m  
r e f e r r e d   to  a b o v e ,   has   s e p a r a t e d   t he   s e l e c t i o n   and  a r m i n g  

f u n c t i o n s   to  i m p r o v e   the   f e e d b a c k   s a f e g u a r d s   to  a v o i d  
f a i l u r e s   d u r i n g   f i r i n g   t h a t   r e s u l t   in  f a u l t y   o p e r a t i o n s .  

S p e c i f i c a l l y ,   a  s i n g l e   p u l s e   is  u sed   to  s e l e c t   a  m o d u l e  

and  a  s e q u e n c e   of  t h r e e   a r m i n g   p u l s e s   is  u sed   to  arm  t h e  

m o d u l e   in  a  p r e d e t e r m i n e d   s e q u e n c e .   The  f i r s t   a r m i n g  



p u l s e   c a u s e s   t h e   m o d u l e   to  be  a rmed   to  p r o d u c e   a  c u r r e n t  

i n c r e a s e   in  t he   f i r i n g   l i n e   3  c u r r e n t .   T h i s   c u r r e n t  

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

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

v a l u e   of  t h e   c u r r e n t   i n c r e a s e   is   a c c e p t a b l e   and  t h e  

i n c r e a s e   was  c l e a r e d   by  t he   s e c o n d   a r m i n g   p u l s e ,   t h e n   a  

t h i r d   p u l s e   is   i s s u e d   to  arm  t h e   m o d u l e   f o r   f i r i n g .   T h e  

f i r i n g   p u l s e   to  d e t o n a t e   t he   c h a r g e   can  t h e n   be  i s s u e d  

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

f i r e d .  

S t i l l   r e f e r r i n g   to  F i g u r e   2,  t h e   f l i p - f l o p   41  of  t h e  

s t o p   p u l s e   d e t e c t o r   34  f u n c t i o n s   as  a  s e t - r e s e t   t y p e  

- f l i p - f l o p   w h e r e   t he   s e t   s i g n a l   comes  f rom  t h e   f i r i n g   l i n e  

p u l s e   d e t e c t o r   37  and  t h e   r e s e t   s i g n a l   comes  f rom  t h e  

c o u n t e r   35.   The  r e s e t   s i g n a l   to  f l i p - f l o p   41  i s   l a b e l e d  

ENABLE  and  is   a t   a  l o g i c   one  s t a t e   when  t he   Q11  o u t p u t  

f rom  t h e   1 2 - b i t   b i n a r y   c o u n t e r   35  i s   t r u e .   When  t he   r e s e t  

i n p u t   to  f l i p - f l o p   41  is   a t   a  l o g i c   o n e ,   t h e   f l i p - f l o p   c a n  

be  " s e t "   to   a  l o g i c   one  by  a  p u l s e   on  t he   s e t   i n p u t .  

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

37  w i l l   c a u s e   f l i p - f l o p   41  to  c h a n g e   s t a t e s   ( l o g i c   z e r o   t o  

l o g i c   one )   o n l y   i f   t h e   s i g n a l   ENABLE  on  s i g n a l   l e a d   46  

f rom  c o u n t e r   35  i s   t r u e .   D u r i n g   t he   f i r s t   p o r t i o n   of  t h e  

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

w i l l   n o t   be  a t   a  l o g i c   o n e .   A f t e r   a  c e r t a i n   number   o f  

c l o c k   p u l s e s   have   b e e n   c o u n t e d ,   ENABLE  g o e s   t r u e   m a k i n g  

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

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

m o d u l e   may  be  s e l e c t e d   and  a r m e d .  

A l s o   i n p u t t e d   to  t he   AND  g a t e   33  i s   a n o t h e r   o u t p u t  

f rom  t h e   b i n a r y   c o u n t e r   35  (Q12)  w h i c h   r e p r e s e n t s   t he   m o s t  

s i g n i f i c a n t   b i t   f rom  t he   1 2 - b i t   c o u n t e r .   The  s i g n a l   o n  

t h e   Q12  o u t p u t ,   PASS-THROUGH,  a l s o   c o n t r o l s   t he   p a s s -  

t h r o u g h   s w i t c h   20  w h i c h   f u n c t i o n s   to  c o n n e c t   t he   i n p u t  



p o r t i o n   16  of  t h e   f i r i n g   l i n e   3  to  t he   o u t p u t   p o r t i o n   2 2 .  

A d d i t i o n a l l y ,   t h e   s i g n a l   PASS-THROUGH  d i s a b l e s   c l o c k  

s i g n a l s   f rom  t h e   o s c i l l a t o r   c l o c k   28  f rom  r e a c h i n g   t h e  

c o u n t e r   35.  As  p r e v i o u s l y   d i s c u s s e d ,   t h e   f l i p - f l o p   41 

e n a b l e s   t h e   AND  g a t e   33  to   p a s s   c l o c k   p u l s e s   f rom  o s c i l -  

l a t o r   28  to  t he   c o u n t e r   35  i r r e s p e c t i v e   of  w h e t h e r   a n y  

p u l s e s   a r e   d e t e c t e d   by  t he   f i r i n g   l i n e   p u l s e   d e t e c t o r  

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

The  l a p s i n g   of  t h e   f i r s t   p o r t i o n   of  t he   t i m e   i n t e r v a l  

i s   i n d i c a t e d   when  t h e   s i g n a l   ENABLE  on  s i g n a l   l e a d   46  g o e s  
to  a  l o g i c   one  t h e r e b y   p e r m i t t i n g   any  s u b s e q u e n t   p u l s e s  

d e t e c t e d   by  t he   f i r i n g   l i n e   p u l s e   d e t e c t o r   37  to  s e t   t h e  

f l i p - f l o p   41  and  d i s a b l e   AND  g a t e   33.   In  t h e   e v e n t   t h a t  

no  f i r i n g   l i n e   p u l s e s   a r e   d e t e c t e d   by  d e t e c t o r   37  d u r i n g  

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

Q12  o u t p u t   of  c o u n t e r   35  w i l l   e v e n t u a l l y   go  t r u e   and  p r o -  
d u c e   t he   s i g n a l   PASS-THROUGH  to  i n h i b i t   f u r t h e r   c l o c k i n g  

of  t h e   c o u n t e r   35.  S i m u l t a n e o u s l y ,   t he   p a s s - t h r o u g h  
s w i t c h   20  i s   c l o s e d   to  p a s s   t he   f i r i n g   l i n e   p o w e r   on  t o  

t h e - n e x t   m o d u l e   down  t he   s e q u e n c e .   C l o s u r e   of  t he   p a s s -  
t h r o u g h   s w i t c h   20  r e p r e s e n t s   t h e   end  of  t he   s e l e c t i o n  

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

t h e   c o u n t e r   25  i s   i n h i b i t e d   u n t i l   t he   m o d u l e   is   r e s e t   b y  

r e m o v a l   of  p o w e r   on  t h e   f i r i n g   l i n e   3 .  

The  t i m i n g   r e l a t i o n s h i p s   b e t w e e n   t he   s i g n a l s   o f  

t h e   c o n t r o l   u n i t   14  and  t h e   p l u r a l i t y   of   f i r i n g   m o d u l e s  

d u r i n g   t h e   s e q u e n c i n g   of  t he   m o d u l e s   is  i l l u s t r a t e d   i n  

F i g u r e   3.  R e f e r r i n g   now  to  F i g u r e   3,  t h e   v o l t a g e   a n d  

c u r r e n t   on  the   f i r i n g   l i n e   a r e   i l l u s t r a t e d   f o r   a  t y p i c a l  
s e l e c t i o n   s e q u e n c e   i n v o l v i n g   t h r e e   f i r i n g   m o d u l e s   w i t h  

t h e   t h i r d   m o d u l e   r e p r e s e n t i n g   the   m o d u l e   to  be  s e l e c t e d .  

W i t h   a p p l i c a t i o n   of  p o w e r   in  the   form  of  v o l t a g e   a n d  

c u r r e n t   on  the   f i r i n g   l i n e ,   m o d u l e   No.  1  w i l l   b e g i n   t o  



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

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

F i g u r e   3  as  c o m p o s e d   of  two  p o r t i o n s ,   a  f i r s t   and  s e c o n d  

p o r t i o n s   T1  and  T2,  r e s p e c t i v e l y .   The  f i r s t   p o r t i o n   T1 

r e p r e s e n t s   t he   t i m e   i n t e r v a l   f rom  t h e   i n i t i a l   r e c e i p t   o f  

p o w e r   in  t he   m o d u l e   to  t he   t i m e   when  Q11  of  b i n a r y   c o u n t e r  

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

T2  r e p r e s e n t s   t h e   r e m a i n i n g   p o r t i o n   of  t he   a c t i v e   t i m e  

i n t e r v a l   and  r e p r e s e n t s   t h e   t i m e   t h a t   Q11  f rom  c o u n t e r   35  

i s   t r u e .   In  o t h e r   w o r d s ,   t he   end  of  t he   s e c o n d   p o r t i o n   T2 

of  e a c h   m o d u l e   t i m e   i n t e r v a l   in  i n d i c a t e d   when  the   Q12  o u t -  

p u t   of   t h e   b i n a r y   c o u n t e r   35  g o e s   t r u e   and  Q11  g o e s   f a l s e  

(a  t r u e   s t a t e   is   r e p r e s e n t e d   by  a  l o g i c   one  and  a  f a l s e  

s t a t e   r e p r e s e n t e d   by  a  l o g i c   z e r o ) .  

Upon  r e c e i p t   of  p o w e r   by  t he   m o d u l e   N o .  1 ,   an  i d e n -  

t i f i c a t i o n   p u l s e   is   g e n e r a t e d   on  t h e   f i r i n g   l i n e   3.  T h e  

p u l s e   is   shown  as  a  c u r r e n t   i n c r e a s e   in  t he   f i r i n g   l i n e  

c u r r e n t .   The  i n c r e a s e   i n d i c a t e s   to  t he   c o n t r o l   u n i t   14 

t h a t   a  m o d u l e   has   b e e n   c o n n e c t e d   to  the   f i r i n g   l i n e .   I f  

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

f o r   t h e   i d e n t i f i c a t i o n   p u l s e   d o e s   no t   f a l l   w i t h i n   a  p r e -  
d e t e r m i n e d   r a n g e ,   t h e   c o n t r o l   u n i t   14  w i l l   c e a s e   s e q u e n c i n g  

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

t h a n   one  m o d u l e   5  r e s p o n d i n g   to  t h e   a p p l i c a t i o n   of  p o w e r   o n  

t h e   f i r i n g   l i n e   3  or   t h a t   t h e   m o d u l e   j u s t   c o n n e c t e d   is  n o t  

o p e r a t i n g   w i t h i n   p r e d e t e r m i n e d   l i m i t ,   is  i n d i c a t e d .   As  t h e  

s i g n a l   f o r   t h e   f i r i n g   l i n e   c u r r e n t   shown  in  F i g u r e   3  i n d i -  

c a t e s ,   t h e r e   is  an  i n c r e a s e   in  t he   f i r i n g   l i n e   c u r r e n t  

e a c h   t i m e   t h a t   a n o t h e r   m o d u l e   is   c o n n e c t e d   to  t he   f i r i n g  

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

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

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

to  t h e   f i r i n g   l i n e   c u r r e n t   a t   the   end  of  i t s   m o d u l e   a c t i v e  

t i m e   i n t e r v a l   and  c o n t i n u e s   to  d r a w   c u r r e n t   u n t i l   r e s e t   b y  

r e m o v a l   of  the   f i r i n g   l i n e   p o w e r .  



For   t he   e x a m p l e   i l l u s t r a t e d   in  F i g u r e   3,  a t   t h e   e n d  

of  t he   m o d u l e   a c t i v e   t i m e   i n t e r v a l   f o r   m o d u l e   1,  i t s  

p a s s - t h r u   s w i t c h   20  i s   c l o s e d   to  c o n n e c t   m o d u l e   2  to  t h e  

f i r i n g   l i n e   p o w e r .   As  shown  in  F i g u r e   3,  m o d u l e   2  a n d  

m o d u l e   1  a r e   now  c o n n e c t e d   to  t he   f i r i n g   l i n e   r e s u l t i n g  

in  a  ne t   i n c r e a s e   in  t he   a m o u n t   of  c u r r e n t   on  t h e   f i r i n g  

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

i n c r e a s e .   S u p e r i m p o s e d   on  t h i s   s t e p   i n c r e a s e   is   t h e  

i d e n t i f i c a t i o n   p u l s e   f o r   m o d u l e   N o .  2 .  

In  a d d i t i o n   to  t he   i d e n t i f i c a t i o n   p u l s e   a m p l i t u d e  

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

14  m o n i t o r s   t he   t i m e   i n t e r v a l   as  m e a s u r e d   f rom  t h e   r e c e i p t  

of   t h e   l a s t   i d e n t i f i c a t i o n   p u l s e   to  r e c e i p t   of  t he   n e x t  

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

f a l l s   w i t h i n   a  p r e d e t e r m i n e d   t i m e   window  m e a s u r e d   f rom  t h e  

l a s t   p u l s e   on  t he   f i r i n g   l i n e   3,  t h e   c o n t r o l _ u n i t   14  w i l l  

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

a  f a u l t y   s i t u a t i o n   is   i n d i c a t e d .  

'  An  a d d i t i o n a l   f u n c t i o n   of  t he   i d e n t i f i c a t i o n   p u l s e s  

to   t he   c o n t r o l   u n i t   14  i s   to  f u n c t i o n   as  a  c l o c k i n g   p u l s e  

to  e n a b l e   t he   c o n t r o l   u n i t   14  to  c o u n t   w h i c h   of  t he   m o d u l e s  

h a s   j u s t   been   c o n n e c t e d   to  t h e   f i r i n g   l i n e   3  p o w e r .   T h u s ,  

when  t h e   i d e n t i f i c a t i o n   p u l s e   f o r   m o d u l e   3  i s   r e c e i v e d   a n d  

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

14  w i l l   know  t h a t   the   m o d u l e   to  be  s e l e c t e d ,   m o d u l e   3,  h a s  

j u s t   been   c o n n e c t e d   to  t he   f i r i n g   l i n e   3 .  

As  p r e v i o u s l y   d i s c u s s e d ,   any  p u l s e s   o c c u r r i n g   on  t h e  

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

w i l l   h ave   no  e f f e c t   on  the   s e l e c t i o n   and  a r m i n g   of  a  

m o d u l e .   Only   d u r i n g   the   s e c o n d   p o r t i o n   of  the   a c t i v e   t i m e  

i n t e r v a l   T2  w i l l   t he   f l i p - f l o p   41  be  e n a b l e d   to  r e c e i v e  

s e t t i n g   p u l s e s   d e t e c t e d   by  the   f i r i n g   l i n e   p u l s e   d e t e c t o r  



37  to  s e l e c t   and  arm  t he   m o d u l e .   In  t h e   e x a m p l e   i l l u s -  

t r a t e d   in  F i g u r e   3,  s i n c e   m o d u l e   N o .  3   is   t h e   m o d u l e   to  b e  

s e l e c t e d ,   t h e   c o n t r o l   u n i t   14  w i l l   g e n e r a t e   a  s e l e c t i o n  

and  a r m i n g   p u l s e   on  the   f i r i n g   l i n e   i n d i c a t e d   as  a  v o l t a g e  

p u l s e   on  t h e   f i r i n g   l i n e   v o l t a g e   d u r i n g   T2  f o r   m o d u l e   N o .  3 .  

When  t h e   f i r i n g   l i n e   p u l s e   d e t e c t o r   37  d e t e c t s   t h e   v o l t a g e  

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

of   t h e   m o d u l e   a c t i v e   t i m e   i n t e r v a l ,   f l i p - f l o p   41  w i l l   b e  

t r i g g e r e d   to  t e r m i n a t e   f u r t h e r   c o u n t i n g   of  t he   c o u n t e r   35  

and  to  g e n e r a t e   ARM  CONTROL  to  t h e   f i r i n g   s w i t c h   21.  W i t h  

ARM  CONTROL  t r u e ,   f i r i n g   s w i t c h   21  w i l l   be  c l o s e d   c o n n e c t -  

ing  t he   d e t o n a t o r   24  in  m o d u l e   N o .  3   to  t he   f i r i n g  

l i n e   t h r o u g h   i t s   z e n e r   d i o d e   4 3 .  

S i n c e   f u r t h e r   c l o c k i n g   of  c o u n t e r   35  has   been   t e r m i -  

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

f l i p - f l o p   41,  t h e   m o d u l e   w i l l   no  l o n g e r   be  in  an  a c t i v e  

t i m e   i n t e r v a l   g e n e r a t i o n   o p e r a t i o n ,   b u t   w i l l   h ave   to  b e  

in  a  s e l e c t e d   s t a t e .   F u r t h e r   s e l e c t i o n   of  l o w e r   m o d u l e s  

i s   t e r m i n a t e d   and  d e t o n a t i o n   of  m o d u l e   N o .  3   can  o c c u r   a t  

any  t i m e   c o n t r o l   u n i t   14  w i s h e s   to  a p p l y   a  f i r i n g   p u l s e   o n  

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

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

p r o c e s s   can   be  r e p e a t e d   by  r e s e t t i n g   a l l   of  the   m o d u l e s  

b a c k   to  t he   i n i t i a l   s t a t e   by  r e m o v i n g   the   f i r i n g   l i n e  

v o l t a g e   and  c u r r e n t   m o m e n t a r i l y .   When  t h e   power   i s  

r e m o v e d ,   a l l   t he   p a s s - t h r o u g h   s w i t c h e s   20  and  t he   f i r i n g  

s w i t c h   21  in  m o d u l e   3  w i l l   be  s w i t c h e d   to  t h e i r   o p e n  

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

c o n t r o l   u n i t   14  w i l l   r e c e i v e   p o w e r   on  the   f i r i n g   l i n e   3 

o n c e   p o w e r   is  a g a i n   r e t u r n e d .  



S u m m a r i z i n g   the   p r e s e n t   i n v e n t i o n ,   a  s i n g l e - w i r e  

s e l e c t i v e   p e r f o r a t i n g   gun  s y s t e m   is   d i s c l o s e d   in  w h i c h   a  

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

to  a n o t h e r ,   to  form  an  e l o n g a t e d   a s s e m b l y   s u i t a b l e   f o r  

l o w e r i n g   i n t o   a  w e l l   b o r e h o l e .   I n c l u d e d   in  t he   a s s e m b l y  

is   a  c o n t r o l   u n i t   f o r   g e n e r a t i n g   p o w e r   and  f i r i n g   l i n e  

s i g n a l s   to  e a c h   of  t he   f i r i n g   m o d u l e s   as  e a c h   m o d u l e   i s  

c o n n e c t e d   one  a t   a  t i m e   in  a  s e q u e n c e   to  t h e   c o n t r o l   u n i t .  

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

s e l e c t e d   and  a rmed   f o r  f i r i n g   by  the   c o n t r o l   u n i t .   T h e  

a c t i v e   t i m e   i n t e r v a l   b e g i n s   when  power   is  a p p l i e d   to  t h e  

m o d u l e   by  c o n n e c t i o n   of  t he   m o d u l e   to  t h e   f i r i n g   l i n e .  

Each   f i r i n g   i n t e r v a l   has   a  f i r s t   and  a  s e c o n d   p o r t i o n .  

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

a  n e x t   m o d u l e   has   been   c o n n e c t e d   to  t he   f i r i n g   l i n e .   I n  

t h i s   way,   t h e   c o n t r o l   u n i t   c o u n t s   t he   m o d u l e s   as  t h e y   a r e  

c o n n e c t e d   to  t he   f i r i n g   l i n e   to  d e t e r m i n e   when  t h e   m o d u l e  

t o ' b e   s e l e c t e d   i s   g e n e r a t i n g   an  a c t i v e   t i m e   i n t e r v a l .  

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

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

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

P u l s e s   on  the   f i r i n g   l i n e   d u r i n g   t h e   f i r s t   p o r t i o n   of  t h e  

a c t i v e   t i m e   i n t e r v a l   a r e   d i s r e g a r d e d   by  the   m o d u l e   s i n c e  

a  m o d u l e   may  o n l y   be  s e l e c t e d   and  a rmed   d u r i n g   t he   s e c o n d  

p o r t i o n   of  t he   t i m e   i n t e r v a l .  

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

when  c o n d i t i o n s   of  t he   m o d u l e s   do  no t   p e r m i t ,   e a c h   m o d u l e  

g e n e r a t e s   an  i d e n t i f i c a t i o n   p u l s e   on  the   f i r i n g   l i n e   w h i c h  

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



o p e r a t i n g   w i t h i n   a c c e p t a b l e   power  l i m i t s   and  t h a t   the  s e q u e n c i n g  

th rough   the  modules  has  o c c u r r e d   w i t h i n   p r e s c r i b e d   time  l i m i t s .   On ly  

when  c o n d i t i o n s   are  p roper   w i l l   the  c o n t r o l   un i t   s e l e c t   and  arm  f o r  

f i r i n g   the  module  to  be  s e l e c t e d .  

The  s e l e c t i o n   p r o c e s s   for  each  f i r i n g   module  5  is  be s t   d e s c r i b e d  

wi th   r e f e r e n c e   to  F igure   2  which  i l l u s t r a t e s   the  f u n c t i o n a l   b l o c k  

d iagram  for  a  t y p i c a l   f i r i n g   module  5.  R e f e r r i n g   now  to  F igure   2,  t h e  

inpu t   p o r t i o n   16  of  the  f i r i n g   l i n e   3  is  shown  connec ted   to  a  

r e g u l a t e d   power  supp ly   29  which  p roduces   the  supp ly   v o l t a g e   for  t h e  

c i r c u i t s   of  the  module.  For  pu rposes   of  the  f o l l o w i n g   d i s c u s s i o n ,   i t  

is  assumed  t h a t   the  f i r i n g   module  shown  in  F igure   2  has  j u s t   b e e n  

c o n n e c t e d   to  the  f i r i n g   l i n e   power  by  the  c l o s u r e   of  swi tch   20  in  t h e  

module  immed ia t e ly   a b o v e .  

The  f i r i n g   l i n e   is  a l so   shown  connec t ed   to  a  c o n t r o l   p u l s e  

d e t e c t o r   34.  The  c o n t r o l   pu l se   d e t e c t o r   34  c o n s i s t s   of  a  R-C  n e t w o r k  

to  s h i f t   the  DC  l e v e l   of  the  c o n t r o l   p u l s e   which  is  a p p l i e d   d i r e c t l y  

in to   the  c lock  inpu t   of  a  4 - b i t   s h i f t   r e g i s t e r   38.  The  s h i f t  

r e g i s t e r ' s   c lock  i npu t   s t age   a c t s   as  a  compara to r   to  d e t e c t   t h e  

c o n t r o l   p u l s e s .  

The  c o n t r o l   pu l se   d e t e c t o r   34  g e n e r a t e s   on  the  Ql  o u t p u t   of  s h i f t  

r e g i s t e r   38  the  s i g n a l   STOP  CLOCK  in  r e sponse   to  a  s e l e c t i o n   c o n t r o l  

s i g n a l   on  the  f i r i n g   l i n e   dur ing   the  a c t i v e   time  i n t e r v a l .   The 

s e l e c t i o n   c o n t r o l   s i g n a l ,   i f   r e c e i v e d   at   the  proper   time  dur ing   the  a c t i v e  



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

ing   t he   m o d u l e ' s   a c t i v e   t i m e   i n t e r v a l   w h i c h   p r o h i b i t s  

s w i t c h   20  f r o m   t h e r e a f t e r   c l o s i n g   and  p a s s i n g   p o w e r   t o  

the   m o d u l e s   b e l o w   the   s e l e c t e d   m o d u l e .   In  a d d i t i o n   t o  

d e t e c t i n g   a  s e l e c t i o n   c o n t r o l   s i g n a l   on  the   f i r i n g   l i n e ,  

t he   c o n t r o l   p u l s e   d e t e c t o r   34  d e t e c t s   t he   s e q u e n c e   o f  

a r m i n g   c o n t r o l   s i g n a l s   f r o m   t h e   c o n t r o l   u n i t   14.  T h i s  

s e q u e n c e   of  a r m i n g   c o n t r o l   s i g n a l s   is  u s e d   as  a  s a f e g u a r d  

d e t e c t i o n   m e t h o d   fo r   d e t e r m i n i n g   i f - o n e   and  o n l y   o n e  

f i r i n g   m o d u l e   5  is  r e s p o n d i n g   to  t h e   a r m i n g   s e q u e n c e .  

S t i l l   r e f e r r i n g   to  F i g u r e   2,  t he   l a s t   t h r e e   s t a g e s  

of  t h e   4 - b i t   r e g i s t e r   38  c o m p r i s e   an  a r m i n g   c i r c u i t  

w h i c h   r e s p o n d s   to  t he   s e q u e n c e   of  a r m i n g   c o n t r o l   s i g n a l s  

d e t e c t e d   by  t he   c o n t r o l   p u l s e   d e t e c t o r   34  to  g e n e r a t e   a  

f e e d b a c k   c u r r e n t   p u l s e   to  t he   c o n t r o l   u n i t   14.  T h i s  

f e e d b a c k   c u r r e n t   p u l s e   on  t he   f i r i n g   l i n e   3  f u n c t i o n s   t o  

i n d i c a t e   to  t he   c u r r e n t   d e t e c t i o n   m e a n s   6  in  t h e   c o n t r o l  

u n i t   14  t h a t   one  and  o n l y   one  f i r i n g   m o d u l e   is  r e s p o n d i n g  

to  t he   s e q u e n c e   of  a r m i n g   c o n t r o l   s i g n a l s .   As  w i l l   b e  

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

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

w o u l d   r e s u l t   in  t h e   i m p r o p e r   f i r i n g   of  t he   p e r f o r a t i o n  

g u n s .  

As  m e n t i o n e d   p r e v i o u s l y ,   t he   a r m i n g   s e q u e n c e   f e e d b a c k  

c u r r e n t   p u l s e   on  t he   f i r i n g   l i n e   3  has   a  p r e d e t e r m i n e d  

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

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

is  r e s p o n d i n g .   The  4 - b i t   s h i f t   r e g i s t e r   38  o p e r a t e s   t o  

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

l i n e   as  f o l l o w s :   As  l o n g   as  t he   s i g n a l   on  l i n e   46  i n t o   s h i f  

r e g i s t e r   38  ( t h e   d a t a   (D)  i n p u t )   i s  a t   a  l o g i c   0 ,  



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

w i l l   s e q u e n t i a l l y   s h i f t   l o g i c   Os  i n t o   t h e   v a r i o u s   s t a g e s  

of   t h e   s h i f t   r e g i s t e r   38.   L o g i c   Os  in  t h e   s t a g e s   of   t h e  

s h i f t   r e g i s t e r   38  r e p r e s e n t s   t he   r e s e t   c o n d i t i o n .   T h u s ,  

any   p u l s e s   d e t e c t e d   by  p u l s e   d e t e c t o r   34  when  t h e   D  i n p u t  

to   s h i f t   r e g i s t e r   38  i s   a t   a  l o g i c   0  w i l l   r e s u l t   in  n o  

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

no  a c t i o n   by  t h e   a r m i n g   c i r c u i t .  

When  t h e   d a t a   i n p u t   to  s h i f t   r e g i s t e r  3 8   i s   a t   a  

l o g i c   1,  t h e   f i r s t   c o n t r o l   s i g n a l   d e t e c t e d   by  t h e   s t o p  

p u l s e   d e t e c t o r   34  on  t h e   f i r i n g   l i n e   w i l l   s h i f t   a  l o g i c   1 

i n t o   t h e   f i r s t   s t a g e   of  t h e   r e g i s t e r .   As  p r e v i o u s l y   d i s -  

c u s s e d ,   t h e   o u t p u t   of  t h e   f i r s t   s t a g e ,   Q1,  i s   t h e   s i g n a l  

STOP  CLOCK  w h i c h   i s   a p p l i e d   to  s i g n a l   l i n e   50.   T h e  

f u n c t i o n   o f   STOP  CLOCK  i s   to  i n h i b i t   an  o s c i l l a t o r   c l o c k  

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

18  f rom  g e n e r a t i n g   f u r t h e r   c l o c k i n g   s i g n a l s .   The  a b s e n c e  

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

t h e   m o d u l e ' s   a c t i v e   t i m e   i n t e r v a l   and  f u r t h e r   s e q u e n c i n g  

of   any  l o w e r   m o d u l e s .   T h i s   f i r s t   r e c e i v e d   c o n t r o l   s i g n a l  

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

m o d u l e   f o r   f i r i n g .   In  o t h e r   w o r d s ,   i f   STOP  CLOCK  g o e s   t o  

a  l o g i c   1,  t h i s   m o d u l e   w i l l   be  s e l e c t e d   f o r   f i r i n g .   T h e  

c o n d i t i o n s   u n d e r   w h i c h   t h e   D  i n p u t   s h i f t   r e g i s t e r   38  i s   a t  

a  l o g i c   1  a r e   d i s c u s s e d   in  more   d e t a i l   b e l o w .  

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

p u l s e   d e t e c t o r   34  when  t h e   D  i n p u t   is   a t   a  l o g i c   1  w i l l  

c a u s e   a  c o r r e s p o n d i n g   l o g i c   1  to  be  s h i f t e d   i n t o   e a c h   o f  

t h e   s t a g e s   of  t he   s h i f t   r e g i s t e r   38 ,   w i t h   t h e   l o g i c   1 

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

b e t w e e n   t h e   o u t p u t   of  t h e   s e c o n d   s t a g e ,   Q2,  and  t he   t h i r d  

s t a g e ,   Q3,  o f   t h e   s h i f t   r e g i s t e r   38  is   a  r e s i s t o r   R 2 .  



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

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

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

p u l s e s   w i l l   t h e n   be  g e n e r a t e d   by  t h e   c o n t r o l   u n i t   14  t o  

t h e   a r m i n g   c i r c u i t   of  t he   s e l e c t e d   m o d u l e   5  to  g e n e r a t e  

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

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

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

l i n e .   The  f i r s t   p u l s e   c a u s e s   t h e   Q2  o u t p u t   of  s h i f t  

r e g i s t e r   38  to  go  to  a  l o g i c   1.  At  t h i s   t i m e ,   t h e   Q3 

o u t p u t   of  t h e   s h i f t   r e g i s t e r   38  is   a t   a  l o g i c   0  t h e r e b y  

c a u s i n g   t he   4 - b i t   r e g i s t e r   38  to  s u p p l y   c u r r e n t   t h r o u g h   R2 

in  t he   d i r e c t i o n   Q2  to  Q3.  T h i s   r e s u l t s   in  an  i n c r e a s e   i n  

t h e   a m o u n t   of  c u r r e n t   d r a i n   on  the   p o w e r   s u p p l i e d   by  t h e  

f i r i n g   l i n e   in  an  a m o u n t   d e t e r m i n e d   by  the   m a g n i t u d e   o f  

R2.  I f   a  s i n g l e   f i r i n g   m o d u l e   is  r e s p o n d i n g ,   a  p r e d e t e r -  

m i n e d   c u r r e n t   i n c r e a s e   r e s u l t s .  

W i t h   r e c e i p t   of  t he   s e c o n d   a r m i n g   p u l s e ,   a  l o g i c   1 

w i l l   a l s o   be  s h i f t e d   i n t o   t he   t h i r d   s t a g e   of   t h e   s h i f t  

r e g i s t e r   38  r e s u l t i n g   in  b o t h   s i d e s   of  r e s i s t o r   R2  b e i n g  

a t   a  l o g i c   1.  T h i s   l o g i c   c o n d i t i o n   r e m o v e s   t h e   c u r r e n t  

i n c r e a s e   in  t he   f i r i n g   l i n e   c u r r e n t   b a c k   to  t he   c u r r e n t  

l e v e l   f o r   t h e   r e s e t   c o n d i t i o n   of   t h e   a r m i n g   c i r c u i t   3 8 .  

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

t h e   f i r i n g   l i n e   c u r r e n t   as  a  r e s u l t   of  t he   f i r s t   a n d  

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

c o n t r o l   u n i t   14  may  t h e n   p r o c e e d   to  arm  the   m o d u l e   f o r  

f i r i n g .  

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

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

3.  T h i s   r e s u l t s   in  t he   f o u r t h   s t a g e ,   Q4,  of  s h i f t   r e g i s t e r  
38  b e c o m i n g   a  l o g i c   1.  The  Q4  o u t p u t   of  s h i f t   r e g i s t e r   38  



is  a p p l i e d   to  s i g n a l   l i n e   39  as  the  s i g n a l   ARM  CONTROL.  The  s i g n a l  

ARM  CONTROL  is  s u p p l i e d   to  the  c o n t r o l l a b l e   arming  swi tch   21.  For  t h e  

p r e s e n t   i n v e n t i o n   arming  swi tch   21  and  p a s s - t h r o u g h   swi tch   20  are  e a c h  

s o l i d   s t a t e   s w i t c h e s   m a n u f a c t u r e d   by  I n t e r n a t i o n a l   R e c t i f i e r   as  i t s  

model  IRSC  232.  C losu re   of  swi t ch   21  connec t s   the  d e t o n a t o r   24  f o r  

the  shaped  charge   26  to  the  i npu t   p o r t i o n   16  of  the  f i r i n g   l i n e   3 

t h e r e b y   arming  the  module  for  f i r i n g .  

As  p r e v i o u s l y   d i s c u s s e d ,   s e l e c t i o n   and  arming  of  the  module  f o r  

f i r i n g   occur s   when  a  c o n t r o l   s i g n a l   is  d e t e c t e d   by  the  s top   p u l s e  

d e t e c t o r   34  when  the  da t a   i n p u t ,   D,  to  the  4 - b i t   s h i f t   r e g i s t e r   38  i s  

at   a  l o g i c   1.  The  da ta   inpu t   to  the  s h i f t   r e g i s t e r   38  is  at  a  l og i c   1 

du r ing   a  p o r t i o n   of  the  modules  a c t i v e   time  i n t e r v a l   and  is  g e n e r a t e d  

as  f o l l o w s :   A  c lock  o s c i l l a t o r   c i r c u i t   28  is  p r o v i d e d   as  the  module  

time  base  for  g e n e r a t i n g   c lock  p u l s e s   t h a t   w i l l   be  coun ted   by  a  1 4 - b i t  

b i n a r y   c o u n t e r   34  to  g e n e r a t e   the  a c t i v e   time  i n t e r v a l   for  t h e  

module.  The  a c t i v e   time  i n t e r v a l   for  each  module  is  d i v i d e d   in to   two 

equal   p o r t i o n s ,   Tl  and  T2  (see  F igure   3).  During  the  f i r s t   p o r t i o n  

Tl,   the  module  w i l l   pe r fo rm  an  i d e n t i f i c a t i o n   p r o c e s s   whereby  t h e  

module  5  g e n e r a t e s   a  p l u r a l i t y   of  feedback  pu lse   to  the  c o n t r o l   u n i t  

14.  The  p u l s e s   are  p r o c e s s e d   by  the  c o n t r o l   u n i t   14  to  u n i q u e l y  

i d e n t i f y   which  module  5  is  c u r r e n t l y   g e n e r a t i n g   an  a c t i v e   t i m e  

i n t e r v a l .  

The  D  i n p u t   to  s h i f t   r e g i s t e r   38  is  a  l o g i c   0  dur ing   the  f i r s t  

p o r t i o n   Tl  of  the  a c t i v e   time  i n t e r v a l   and  p r e v e n t s   any  s e l e c t i o n   o f  

the  module  for  f i r i n g .   During  the  second  p o r t i o n   T2  of  the  a c t i v e  

time  i n t e r v a l ,   the  module  is  "enab led"   to  be  s e l e c t e d ,   armed  and  f i r e d  

by  the  c o n t r o l   u n i t   14.  During  T2  the  D  i npu t   to  s h i f t   r e g i s t e r   38  i s  

at   a  l o g i c   1.  The  D  i npu t   l o g i c   l e v e l   is  c o n t r o l l e d   by  the  1 4 - b i t  

b i n a r y   coun t e r   35  whose  o p e r a t i o n   is  d e s c r i b e d   in  more  d e t a i l   b e l o w .  

As  men t ioned   p r e v i o u s l y ,   dur ing   the  f i r s t   p o r t i o n   of  the  module  

a c t i v e   time  i n t e r v a l ,   a  u n i q u e l y   i d e n t i f y i n g   pu l se   is  g e n e r a t e d   in  t h e  

c o n t r o l   u n i t   14  to  i d e n t i f y   which  module  5  is  c u r r e n t l y   g e n e r a t i n g   a n  

a c t i v e   time  i n t e r v a l .   The  g e n e r a t i o n   of  t h i s   u n i q u e l y   i d e n t i f y i n g  

pu l se   occur s   as  f o l l o w s :   An  i d e n t i f i c a t i o n   s i g n a l   g e n e r a t o r   c o m p r i s e d  

of  the  power-up  r e s e t   c i r c u i t   30  and  a  4 - b i t   s h i f t   r e g i s t e r   33  i s  

p r o v i d e d   with  each  f i r i n g   module  5  for  g e n e r a t i n g   a  p l u r a l i t y   o f  

feedback   c u r r e n t   p u l s e s   to  the  c o n t r o l   u n i t   14  dur ing   the  f i r s t   p o r t i o n   o f  



a  m o d u l e ' s   a c t i v e   t i m e   i n t e r v a l .   The  p o w e r - u p   r e s e t  

c i r c u i t   30  p r o d u c e s   a  p o w e r   r e s e t   p u l s e   to  c l e a r   t he   l o g i c  

18  c i r c u i t s   on  r e c e i p t   of  p o w e r   on  t he   i n p u t   p o r t i o n   16  o f  

t h e   f i r i n g   l i n e .  

The  4 - b i t   s h i f t   r e g i s t e r   33  f u n c t i o n s   in  a  s i m i l a r  

way  to   t h e   s h i f t   r e g i s t e r   38.   T h a t   i s ,   i f   t h e   d a t a   i n p u t  

D  is   a t   a  l o g i c   1,  c l o c k   p u l s e s   w i l l   c a u s e   a  l o g i c   1  to  b e  

s h i f t e d   t h r o u g h   t h e   v a r i o u s   s t a g e s   of  t h e   r e g i s t e r .  

As  shown  in  F i g u r e   2,  t h e   c l o c k   s o u r c e   f o r   t h e   s h i f t  

r e g i s t e r ' 3 3   i s   t h e   o u t p u t   of  t h e   o s c i l l a t o r   c l o c k   28.  T h e  

d a t a   i n p u t   f o r   s h i f t   r e g i s t e r   33  comes   f rom  a  1 4 - b i t  

b i n a r y   c o u n t e r   35  w h i c h   a l s o   r e s p o n d s   to  t he   c l o c k   2 8 .  

The  Q6,  or   t h e   o u t p u t   of  t h e   s i x t h   s t a g e   of  t h e   b i n a r y  

c o u n t e r   35,   i s   a p p l i e d   as  t h e   d a t a   D  i n p u t   t o - t h e   s h i f t  

r e g i s t e r   33.   T h u s ,   a  s e q u e n c e   of  1s  and  Os  w i l l   b e  

c l o c k e d   t h r o u g h   t h e   s h i f t   r e g i s t e r   33  in  r e s p o n s e   to  t h e  

c h a n g e s   in  l o g i c   s t a t e s   of  t h e   Q6  o u t p u t   of  t h e   b i n a r y  

c o u n t e r   35.   A  r e s i s t o r   R3  is   c o n n e c t e d   b e t w e e n   t h e   Q1  a n d  

t h e   Q3  o u t p u t   of   t h e   s h i f t   r e g i s t e r   33  and  o p e r a t e s   in  a  

m a n n e r   s i m i l a r   to  R2  to   c r e a t e   a  c u r r e n t   i n c r e a s e   in  t h e  

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

s t a t e s   of   Q1  and  Q3.  In  a c c o r d a n c e   w i t h   t he   p r e s e n t  
i n v e n t i o n ,   r e s i s t o r s   R2  and  R3,  a c t i n g   in  c o o p e r a t i o n   w i t h  

t h e   s h i f t   r e g i s t e r s   38  and  33,  r e s p e c t i v e l y ,   r e p r e s e n t   a  

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

c u r r e n t   i n c r e a s e s   on  the   f i r i n g   l i n e   3 .  

The  Q13  o u t p u t   of  t h e   b i n a r y   c o u n t e r   35  is   a l s o  

a p p l i e d   to  s i g n a l   l i n e   48  as  t he   c o n t r o l   i n p u t   to  t h e  

s o l i d   s t a t e   b y - p a s s   s w i t c h   20  w h i c h   r e s p o n d s   to  t he   l o g i c  

s t a t e   of   Q13  to  c o n n e c t   t h e   i n p u t   p o r t i o n   16  of  t h e   f i r i n g  

l i n e   to  the   o u t p u t   p o r t i o n   22  t h e r e b y   p o w e r i n g   up  t h e   n e x t  

l o w e r   m o d u l e   in  t he   s t r i n g .   The  s t o p p i n g   of  o s c i l l a t o r  



c l o c k   s i g n a l s   on  t h e   o c c u r r e n c e   o f   a  l o g i c   1  on  t he   Q13 

o u t p u t   w i l l   t h e r e a f t e r   k e e p   t h e   p a s s - t h r o u g h   s w i t c h   20  

c l o s e d   u n t i l   t h e   p o w e r   on  t h e   f i r i n g   l i n e   is   r e m o v e d .  

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

t h e   m o d u l e   w i l l   be  d e t e r m i n e d   by  t h e   t i m e   r e q u i r e d   t o  

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

28.   For   t h e   p r e s e n t   i n v e n t i o n ,   t h e   f i r s t   p o r t i o n   of  t h e  

m o d u l e   a c t i v e   t i m e   i n t e r v a l   T1  i s   m e a s u r e d   f rom  t h e  

a p p l i c a t i o n   of  t h e   f i r i n g   l i n e   p o w e r   to  t he   m o d u l e   ( t h e  

o c c u r r e n c e   of  t h e   p o w e r   r e s e t   p u l s e )   up  to  t h e   t ime   t h a t  

t h e   Q12  o u t p u t   o f   t h e   b i n a r y   c o u n t e r   35  g o e s   to  a  l o g i c   1 .  

The  s e c o n d   p o r t i o n   T2  o f ,  t h e   m o d u l e   a c t i v e   t i m e   i n t e r v a l  

i s   m e a s u r e d   by  t h e   l e n g t h   of   t i m e   t h a t   Q12  is   a t   a  l o g i c   1 

( t h e   l e n g t h   of  t i m e   f r o m   when  Q12  g o e s   to  a  l o g i c   1  u n t i l  

when  Q13  g o e s   to  a  l o g i c   1 ) .  

As  shown  in  F i g u r e   2,  t h e   o u t p u t   Q13  of  t h e   b i n a r y  

c o u n t e r   35  i s   a p p l i e d   as  a  s e c o n d   e n a b l e   i n p u t   to  t h e  

o s c i l l a t o r   c l o c k   28  to  a l s o   i n h i b i t   t he   g e n e r a t i o n   of  a n y  
c l o c k   s i g n a l s   when  Q13  is   a t   a  l o g i c   1.  The  d i s a b l i n g   o f  

t h e   c l o c k   28  when  Q13  is   t r u e   ( l o g i c   1)  i n d i c a t e s   t h a t  

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

' c o m p l e t e d   w i t h o u t   t h i s   m o d u l e   b e i n g   s e l e c t e d   f o r   f i r i n g ,  

and  u n t i l   t h e   p o w e r   on  t he   f i r i n g   l i n e   is   r e m o v e d ,   t h i s  

m o d u l e   w i l l   be  in  a  b y - p a s s e d   s t a t e .  

H a v i n g   t h e   a b i l i t y   to  u n i q u e l y   i d e n t i f y   e a c h   m o d u l e  

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

u n i t   14  can   know  p r e c i s e l y   i f   t h e   m o d u l e   c u r r e n t l y   g e n e r -  

a t i n g   an  a c t i v e   t i m e   i n t e r v a l   is   t h e   m o d u l e   to  be  s e l e c t e d  

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

g e n e r a t e   d o w n h o l e   an  a c t i v e   t i m e   i n t e r v a l   can  be  d e t e c t e d  

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



in  t h e   s e q u e n c e   of  e n v e l o p e s   f o r   t he   m o d u l e s   when  a l l   t h e  

m o d u l e s   a r e   s e q u e n c e d   and  none   i s   s e l e c t e d   f o r   f i r i n g .  

For   t h e   p r e f e r r e d   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 ,   e a c h   m o d u l e   g e n e r a t e s   64  c u r r e n t   p u l s e s   on  t he   f i r i n g  

l i n e   d u r i n g   T1.  The  c o n t r o l   u n i t   14  w i l l   c o u n t   t h e   p u l s e s  

r e c e i v e d   d u r i n g   T1  of  e a c h   m o d u l e ' s   a c t i v e   t i m e   i n t e r v a l  

to  d e t e r m i n e   t h e   a m o u n t   of   t i m e   r e q u i r e d   by  t h e   m o d u l e   t o  

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

r e p r e s e n t s   t h e   e n v e l o p e   of   t he   f e e d b a c k   i d e n t i f i c a t i o n  

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

c l o c k   c i r c u i t s   w i l l   v a r y   s o m e w h a t ,   e a c h   m o d u l e   is   l i k e l y  

to  p r o d u c e   a  p u l s e   e n v e l o p e   t h a t   i s   u n i q u e   to  t he   m o d u l e .  

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

o s c i l l a t o r   c l o c k   28  can  be  s l i g h t l y   a l t e r e d   to  p r o d u c e  

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

can   be  m e a s u r e d   u p h o l e   or   d o w n h o l e   to  u n i q u e l y   i d e n t i f y  

e a c h   m o d u l e .   In  t h i s   way,   t h e r e   is   no  need   to  c o u n t   h o w  

many  m o d u l e s   h a v e   b e e n   c o n n e c t e d   to  t he   f i r i n g   l i n e   i n  

t h e   s e l e c t i o n   s e q u e n c e .   The  u n i q u e l y   i d e n t i f y i n g   p u l s e  

d e t e r m i n e s   when  a  g i v e n   m o d u l e   is   c o n n e c t e d   to  t h e   f i r i n g  

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

n o i s e   p u l s e s   on  the   f i r i n g   l i n e   w i l l  n o t   g e n e r a t e   an  e r r o r  

c o n d i t i o n   b e c a u s e   64  p u l s e s   m u s t   be  r e c e i v e d .  

4 

W h i l e   64  p u l s e s   i s   t h e   i d e a l   n u m b e r ,   i t   i s   p o s s i b l e  

to  p e r m i t   a  s m a l l   band  or   v a r i a t i o n   of  t o t a l   p u l s e s  

r e c e i v e d   and  s t i l l   r e s u l t   in  a  u n i q u e   i d e n t i f i c a t i o n   o f  

t h e   m o d u l e .   Thus   6 4  i .   n  p u l s e s   a r e   p e r m i t t e d   and  s t i l l  

be  a b l e   to  u n i q u e l y   i d e n t i f y   a  g i v e n   m o d u l e .  

C o n n e c t e d   to  t he   r e s e t   i n p u t   of  t he   s h i f t   r e g i s t e r  

33  is   t he   Q12  o u t p u t   of  t he   b i n a r y   c o u n t e r   35.   T h u s ,  

t h e   s h i f t   r e g i s t e r   33,   a c t i n g   in  c o m b i n a t i o n   w i t h   t he   Q6 



o u t p u t   of  t h e   b i n a r y   c o u n t e r   35  and  t h e   c l o c k   28,   p r o d u c e s  

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

o n t o   t h e   f i r i n g   l i n e   3  u n t i l   s u c h   t i m e   as  Q12  g o e s   to  a  

l o g i c   1.  When  Q12  g o e s   to  a  l o g i c   1,  t h e   s h i f t   r e g i s t e r  

33  i s   r e s e t   a n d  i n h i b i t e d   f rom  f u r t h e r   g e n e r a t i n g   a n y  

c u r r e n t   p u l s e s   on  t h e   f i r i n g   l i n e .   In  a d d i t i o n   to  r e s e t -  

t i n g   t h e   s h i f t   r e g i s t e r   33,   t h e   Q12  o u t p u t   of  b i n a r y  

c o u n t e r   35  i s   a l s o   a p p l i e d   as  t h e   d a t a   D  i n p u t   to  t h e  

s h i f t   r e g i s t e r   38  as  t h e   s i g n a l   l a b e l e d   ENABLE. 

T u r n i n g   now  to  F i g u r e   3,  a  t i m i n g   d i a g r a m   of  v a r i o u s  

s i g n a l s   w i t h i n   t h e   s i n g l e - w i r e   p e r f o r a t i n g   s y s t e m   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   s h o w n .   For   t he   s i g n a l s  

i l l u s t r a t e d   in  F i g u r e   3,  t h e   t h i r d   m o d u l e   down  f rom  t h e  

c o n t r o l   u n i t   14  i s   t h e   m o d u l e   to  be  s e l e c t e d .  

F i g u r e   3  i l l u s t r a t e s   t h e   f i r s t   and  s e c o n d   p o r t i o n s   o f  

e a c h   m o d u l e   a c t i v e   t i m e   i n t e r v a l ,   T1  and  T2,  r e s p e c t i v e l y .  

D u r i n g   t h e   f i r s t   p o r t i o n   T1  of  e a c h   m o d u l e   a c t i v e   t i m e  

i n t e r v a l ,   64  c u r r e n t   p u l s e s   a r e   g e n e r a t e d   in  t h e   c u r r e n t  

s i g n a l   on  t h e   f i r i n g   l i n e   3.  For   p u r p o s e s   of   i l l u s t r a -  

t i o n ,   t h e   t i m e   i n t e r v a l   r e q u i r e d   to  g e n e r a t e   t h e   64  p u l s e s  

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

t h e   r e s u l t i n g   e n v e l o p e   p u l s e ,   l a b e l e d   t1  t h r o u g h   t 4 ,   a r e  

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

m o d u l e .   The  n o i s e   p u l s e s   o c c u r r i n g   b e t w e e n   m o d u l e   No.  1 

and  m o d u l e   N o .  2   r e s u l t s   in  a  n a r r o w   p u l s e   e n v e l o p e   f o r   a n  

i d e n t i f i c a t i o n   p u l s e ,   and  b e c a u s e   i t   d i d n ' t   c o n t a i n   t h e  

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

by  t h e   c o n t r o l   u n i t   14  and  r e p o r t e d   to  t he   s u r f a c e   f o r  

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



S i n c e   m o d u l e   No.  3  i s   t h e   m o d u l e   to  be  s e l e c t e d ,   t h e  

c o n t r o l   u n i t   14  w i l l   g e n e r a t e   t he   m o d u l e   s e l e c t i o n   c o n t r o l  

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

s i g n a l s   d u r i n g   t h e   s e c o n d   p o r t i o n   T2  of  t h e   m o d u l e   a c t i v e  

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

v o l t a g e   p u l s e s   on  the   p o w e r   v o l t a g e   of  t h e   f i r i n g   l i n e .  

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

p o r t i o n   of  m o d u l e   No.  3 ' s   a c t i v e   t i m e   T2  w i l l   s e l e c t   t h e  

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

of   t h e   m o d u l e   a c t i v e   t i m e .   T h i s ,   in  t u r n ,   p r e v e n t s  
f u r t h e r   s e q u e n c i n g   of  any  l o w e r   m o d u l e s .  

W i t h   r e c e i p t   of  a  s e l e c t i o n   c o n t r o l   p u l s e   d u r i n g   T2  

of   t h e   m o d u l e   a c t i v e   t i m e   f o r   m o d u l e   N o .  3 ,   t h e   m o d u l e  

w i l l   e n t e r   i n t o   a  s e l e c t e d   s t a t e   d u r i n g   w h i c h   i t   can  b e  

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

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

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

r e c e i p t   of   t he   f i r s t   a r m i n g   c o n t r o l   s i g n a l   by  t h e   a r m i n g  

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

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

f i r i n g   l i n e   c u r r e n t   i l l u s t r a t e d   in  F i g u r e   3  as  t h e   a r m i n g  

s t a t u s   p u l s e .   The  s e c o n d   a r m i n g   p u l s e   w i l l   be  i s s u e d   b y  

t h e   c o n t r o l   u n i t   14  to   r e m o v e   t he   a r m i n g   s t a t u s   c u r r e n t  

p u l s e   i f   t h e   p r o p e r   v a l u e   f o r   the   c u r r e n t   i n c r e a s e = w a s  

d e t e c t e d .  

I f ' t h e   p r o p e r   v a l u e   f o r   t h e   a r m i n g   s t a t u s   p u l s e   w a s  

d e t e c t e d ,   t h e   c o n t r o l   u n i t   14  p r o c e e d s   to  i s s u e   a  t h i r d  

a r m i n g   c o n t r o l   s i g n a l   to  c a u s e   the   a r m i n g   s w i t c h   21  ( s e e  

F i g u r e   2)  to  c l o s e   c o n n e c t i n g   the   d e t o n a t o r   24  to  t h e  

f i r i n g   l i n e   3.  Wi th   t he   c l o s u r e - o f   t he   a r m i n g   s w i t c h   2 1 ,  

t h e   c o n t r o l   u n i t   14  can   t h e n   i s s u e   a  f i r i n g   p u l s e   on  t h e  

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

R a t h e r   t h a n   d e t o n a t i n g   t he   m o d u l e ,   h o w e v e r ,   t h e   c o n t r o l  



u n i t   14  can   r e s e t   t h e   m o d u l e s   to  s e l e c t   a  d i f f e r e n t   m o d u l e  

by  s i m p l y   r e m o v i n g   t h e   p o w e r   on  t he   f i r i n g   l i n e   w i t h o u t  

g e n e r a t i n g   a  f i r i n g   p u l s e .   T h i s   s a f e t y   f e a t u r e   can   b e  

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

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

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

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

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

t h e   t i m e   b a s e   in  e a c h   f i r i n g   m o d u l e .   A  t i m e   b a s e   v a r i a -  

t i o n   w i l l   c h a n g e   t he   t i m e   r e q u i r e d   to  g e n e r a t e   t he   64  

p u l s e s   t h a t   u n i q u e l y   i d e n t i f i e s   t h e   m o d u l e .  

.1 
As  a  r e d u n d a n t   c h e c k   to  t he   s a f e g u a r d   a r m i n g   s t a t u s  

p u l s e   d u r i n g   t he   a r m i n g   s e q u e n c e ,   t h e   c o n t r o l   u n i t   14  c a n  
d e t e r m i n e   i f   t h e   m o d u l e s   a r e   o p e r a t i n g   as  e x p e c t e d   b y  

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

a d d e d   to   t h e   f i r i n g   l i n e .   The  i n c r e a s e   in  t h e   f i r i n g   l i n e  

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

i l l u s t r a t e d   in  F i g u r e   3  a t   t h e   s t a r t   of  e a c h   m o d u l e   a c t i v e  

t i m e   i n t e r v a l   as  a  s t e p   f u n c t i o n .  

I t   i s   one   of   t h e   i m p o r t a n t   f e a t u r e s   of  t h e   p r e s e n t  
i n v e n t i o n   t h a t   r e d u n d a n t   s a f e g u a r d   d e t e c t i o n   m e t h o d s   a r e  

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

t h e   f i r i n g   s y s t e m   b e y o r e ,  a n y   a t t e m p t   to  f i r e   t he   g u n s   i s  

m a d e .   T h e s e   f a i l u r e s   may  be  c l a s s i f i e d   as  f a i l u r e s  

r e s u l t i n g   in  t he   f i r i n g   of  a  wrong   gun  w h i c h   c o u l d   b e  

n o t i c e d   or   t he   f a i l u r e s   w h i c h   c a u s e   t h e   u n d e t e c t e d   f i r i n g  
of  a  wrong   g u n .  

As  p r e v i o u s l y   d i s c u s s e d ,   t h e   r e s p o n s e   f rom  e v e r y  
m o d u l e   d u r i n g   t he   f i r s t  p o r t i o n   of  t he   m o d u l e ' s   a c t i v e  



t i m e   i n t e r v a l   is   a  t r a i n   of   64  f e e d b a c k   c u r r e n t   p u l s e s .  

The  c o n t r o l   u n i t   14  d e t e c t s   t h e s e   f e e d b a c k   p u l s e s   a n d  

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

t h e   m o d u l e s   as  t h e y   a r e   c o n n e c t e d   to  t h e   f i r i n g   l i n e .   To 

i n c r e a s e   t h e   i m m u n i t y   a g a i n s t   n o i s e   on  t h e   f i r i n g   l i n e   3 ,  

t h e   64  p u l s e s   g e n e r a t e d   d u r i n g   t h e   f i r s t   p o r t i o n   of  e a c h  

m o d u l e   a c t i v e   t i m e   i n t e r v a l   is  r e c o g n i z e d   as  c o r r e c t   i f  

t h e   n u m b e r   of   p u l s e s   d e t e c t e d   in  t h e   s e q u e n c e   is   w i t h i n   a  

c e r t a i n   n u m b e r   of   t h e   c o r r e c t   n u m b e r .   T h u s ,   f a l s e   p u l s e  

t r a i n s ,   s u c h   as  t he   n o i s e   p u l s e s   i l l u s t r a t e d   in  F i g u r e   3 ,  

w i l l   be  d i s c a r d e d ,   and  t h e   s u r f a c e   e q u i p m e n t   c o u l d   b e  

i n f o r m e d   a b o u t   t h e i r   o c c u r r e n c e .  

A  s a f e g u a r d   to  t he   d e t e r m i n a t i o n   t h a t   t he   m o d u l e s   a r e  

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

v a l s   of  t h e   v a r i o u s   m o d u l e s .   The  e n v e l o p e   of  t h e   f e e d b a c k  

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

i s   a  m e a s u r a b l e   t i m e   i n t e r v a l   o.f  a p p r o x i m a t e l y   h a l f   t h e  

a c t i v e   p e r i o d   of  t h e   m o d u l e .   The  c o n t r o l   u n i t   14  i s   b u i l t  

to  a c c e p t   a  w ide   r a n g e   of  a c t i v e   p e r i o d   v a l u e s   and  is  a b l e  

to  m e a s u r e   them  w i t h   h i g h   r e s o l u t i o n .   E v e r y   m o d u l e   5  i n  

t h e   gun  s t r i n g   10  can   be  i n d i v i d u a l i z e d   t h r o u g h   a  d i s p e r -  
s i o n   in  t h e i r   v a r i o u s   c l o c k   28  f r e q u e n c i e s .   Even  i f   t h e  

f r e q u e n c i e s   a r e   n o t   made  d i f f e r e n t ,   t he   f r e q u e n c y   d i s t r i -  

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

p r o c e s s   w h e r e   the   d i f f e r e n c e   b e t w e e n   a d j a c e n t   m o d u l e s   may  

n o t   a l w a y s   be  m e a s u r a b l e ,   b u t   t he   p r o b a b i l i t y   of  t h i s  

c o n d i t i o n   to  l e a v e   a  f a i l u r e   u n d e t e c t e d   i s   s u f f i c i e n t l y  

l o w .   O t h e r w i s e ,   t h e   m o d u l e s   c o u l d   be  t r i m m e d   to  d i f f e r e n t  

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

t h e   s t r i n g .  

S i n c e   t he   p r e s e n t   i n v e n t i o n   i s   a b l e   to  s e q u e n c e  

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



i s   p o s s i b l e   to  m e a s u r e ,   b e f o r e   t he   g u n s   a r e   f i r e d ,   t h e  

t i m e   i n t e r v a l s   f o r   e a c h   of  t he   m o d u l e s .   T h e s e   v a l u e s  

can   fo rm  a  r e f e r e n c e   t a b l e   of  a c t i v e   t i m e s   v e r s u s   m o d u l e  

p o s i t i o n   w h i c h   can   be  u s e d   l a t e r   to  v e r i f y   t he   s e l e c t i o n s  

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

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

s u r e m e n t   of   t he   l i n e   c u r r e n t   on  t he   f i r i n g   l i n e   3.  T h e  

c o n t r o l   u n i t   14  i n c l u d e s   a  h i g h   r e s o l u t i o n   m e a s u r e m e n t  

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

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

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

The  t o t a l   c u r r e n t   d r a i n   p r o d u c e d   by  a l l   t he   f i r i n g  

m o d u l e s   c o n n e c t e d   to  t he   f i r i n g   l i n e   may  n o t   be  p r e c i s e  

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

a d d i t i o n   or   s u b t r a c t i o n   of   a  m o d u l e   on  the   f i r i n g   l i n e  

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

p e r f o r a t i n g   s t r i n g   10  d o w n h o l e   and  b e f o r e   f i r i n g   t h e   g u n s ,  
r e f e r e n c e   v a l u e s   of  s u p p l y   c u r r e n t   can  be  m e a s u r e d   w i t h  

s e l e c t i o n   c y c l e s   of   p r o g r e s s i v e   l e n g t h .   In  o t h e r   w o r d s ,  

a  s e l e c t i o n   c y c l e   to  s e l e c t   m o d u l e   No.  1  f o l l o w e d   by  a 
s e l e c t i o n   c y c l e   f o r   m o d u l e   N o .  2 ,   e t c . ,   can  be  run   t o  

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

f o r   e a c h   m o d u l e .   T h e s e   m e a s u r e m e n t s   can   be  made  s i m u l -  

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

The  v e r i f i c a t i o n   of   t h e   a c t i v e   t i m e   i n t e r v a l   and  l i n e  

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

r e d u c e s   t h e   a c t i v e   p e r i o d   of   a  m o d u l e   to  z e r o   and  t h e  

f a i l e d   m o d u l e   p o w e r s   up  t o g e t h e r  w i t h   the   n e x t   l o w e r  

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



In  m o s t   p e r f o r a t i o n   s y s t e m s   w h e r e   the   p r e s e n t   i n v e n -  

t i o n   can   be  a p p l i e d ,   t h e   f i r i n g   of  the   gun  d e s t r o y s   t h e  

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

i n c o n v e n i e n t   s i n c e   i t   r e s t r i c t s   t he   a r b i t r a r y   n a t u r e   o f  

t h e   s e l e c t i o n ,   b u t   i s   h e l p f u l   in  f i n d i n g   t he   p o s i t i o n   o f  

t h e   l a s t   f i r e d   g u n .   T h i s   can  be  a c c o m p l i s h e d   b y  c o u n t i n g  

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

u n i t   1 4 .  

The  n u m b e r   of  i n t e r c o n n e c t e d   m o d u l e s   is   m e a s u r e d   b y  

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

u n i t   14  w i l l   c o u n t   t he   f e e d b a c k   p u l s e   t r a i n s ,   and  t h e r e -  

f o r e   t h e   n u m b e r   of  m o d u l e s .   As  the   l a s t   m o d u l e   is   b y -  

p a s s e d ,   t he   m e a s u r e m e n t   of   t h e   s u p p l y   c u r r e n t   w i l l   i n d i -  

c a t e   t h e   c o n d i t i o n   of   t he   l i n e   b e l o w   t he   l a s t   u n f i r e d   g u n .  
The  same  m e a s u r e m e n t   can  l o c a t e   any  f a i l u r e   in  t h e   w i r i n g  

b e t w e e n   m o d u l e s .   The  c o n t r o l   u n i t   14  can   d e t e c t   an  o p e n  

or   s h o r t   c i r c u i t   in  t he   l i n e   and  d e t e r m i n e   up  to  w h i c h   g u n  
t he   s t r i n g   is   s t i l l   o p e r a b l e .  

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

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

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

b l a s t i n g   c a p .   But  any  of   t he   b y - p a s s e d   m o d u l e s   c o u l d   b e  

d e f e c t i v e   and  r e m a i n   " a c t i v e "   a f t e r   b e i n g   b y - p a s s e d .   T h e  

m o d u l e   w i t h   t he   f a u l t y   c i r c u i t r y   c o u l d   f i r e   in  p a r a l l e l  

w i t h   t h e   s e l e c t e d   o n e ,   and  e v e n t u a l l y   go  u n d e t e c t e d .   As  

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

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

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

3,  b u t   r e q u i r e s   an  a r m i n g   s e q u e n c e   of  s e v e r a l   a r m i n g   c o n -  

t r o l   s i g n a l s .  



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

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

t i o n a l   c o n t r o l   p u l s e s   on  the   f i r i n g   l i n e   3  s i m i l a r   to  t h e  

one   u s e d   in  the   s e l e c t i o n   p r o c e s s .   On ly   t h e   s e l e c t e d  

m o d u l e s   s h o u l d   be  a b l e   to  r e c e i v e   t h e s e   p u l s e s .  

The  f i r s t   a r m i n g   p u l s e   w i l l   i n c r e a s e   by  a  f i x e d  

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

w i t h   t h e   s e c o n d   p u l s e   r e t u r n i n g   t he   c u r r e n t   to  i t s   p r e -  
v i o u s   v a l u e .   I f   t he   i n c r e a s e   in  c u r r e n t   was  w i t h i n  

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

a r m i n g   s w i t c h   21  b e t w e e n   t he   d e t o n a t o r   or   b l a s t i n g   cap  24  

and  t h e   f i r i n g   l i n e   3.  S i m u l t a n e o u s l y ,   o r   s o m e t i m e   a f t e r  

t h e   t h i r d   a r m i n g   c o n t r o l   p u l s e ,   t h e   c o n t r o l   u n i t   14  w i l l  

c o n n e c t   a  f i r i n g   c a p a c i t o r   to  t h e   f i r i n g   l i n e   and  p r o d u c e  

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

I f   a  d e f e c t i v e   m o d u l e   is  p l a c e d   in  any  i n t e r m e d i a t e  

a r m i n g   s t a g e   a f t e r   t he   s e l e c t i o n ,   i n c l u d i n g   the   s t a t e  

w h e r e   t he   s w i t c h   to  t he   b l a s t i n g   cap  is  c l o s e d ,   t h e  

m e a s u r e m e n t   of  t he   l i n e - c u r r e n t   b e f o r e   and  d u r i n g   t h e  

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

S u m m a r i z i n g   t h e   p r e s e n t   i n v e n t i o n ,   a  s i n g l e - w i r e  

s e l e c t i v e   p e r f o r a t i n g   gun  s y s t e m   i s   d i s c l o s e d   in  w h i c h   a  

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

to  a n o t h e r ,   to  fo rm  an  e l o n g a t e d   a s s e m b l y   s u i t a b l e   f o r  

l o w e r i n g   i n t o   a  w e l l   b o r e h o l e .   I n c l u d e d   in  t he   a s s e m b l y  

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

s i g n a l s   to  e a c h   of   t he   f i r i n g   m o d u l e s   as  e a c h   m o d u l e   i s  

c o n n e c t e d ,   one   a t   a  t i m e ,   in  a  s e q u e n c e   to  t h e   c o n t r o l  

u n i t .  

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

a c t i v e   t i m e   i n t e r v a l   d u r i n g   w h i c h   t he   m o d u l e   can  b e  



s e l e c t e d   and  a rmed   f o r   f i r i n g   by  t h e   c o n t r o l   u n i t .   T h e  

a c t i v e   t i m e   i n t e r v a l   b e g i n s   when  p o w e r   is   a p p l i e d   to  t h e  

m o d u l e   by  c o n n e c t i o n   of   t h e   m o d u l e   to  t he   f i r i n g   l i n e .  

Each   f i r i n g   i n t e r v a l   has   a  f i r s t   and  a  s e c o n d   p o r t i o n .  

D u r i n g   the   f i r s t   p o r t i o n ,   a  u n i q u e   i d e n t i f i c a t i o n   p u l s e  

i s   g e n e r a t e d   in  t he   c o n t r o l   u n i t   to  i n d i c a t e   t h a t   a  p a r -  
t i c u l a r   m o d u l e   f rom  among  the   p l u r a l i t y   of   m o d u l e s   is  c o n -  

n e c t e d   to  t he   f i r i n g   l i n e   and  is   g e n e r a t i n g   an  a c t i v e   t i m e  

i n t e r v a l .   In  t h i s   way,   t h e   c o n t r o l   u n i t   is   a b l e   to  d e t e r -  

mine   when  a  p a r t i c u l a r   m o d u l e   is   a v a i l a b l e   f o r   s e l e c t i o n .  

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

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

by  i s s u i n g  a   s e l e c t i o n   c o n t r o l   p u l s e   o n t o   t he   f i r i n g   l i n e .  

P u l s e s   on  t h e   f i r i n g   l i n e   d u r i n g   t h e   f i r s t   p o r t i o n   of  t h e  

a c t i v e   t i m e   i n t e r v a l   a r e   d i s r e g a r d e d   by  the   m o d u l e   s i n c e  

a  m o d u l e   may  o n l y   be  s e l e c t e d   and  a rmed   d u r i n g   t he   s e c o n d  

p o r t i o n   of  t h e   t ime   i n t e r v a l .  

Once  a  m o d u l e   is   s e l e c t e d ,   t h e   c o n t r o l   u n i t   w i l l  

i s s u e   a  s e q u e n c e   of  t h r e e   a r m i n g   s i g n a l s   to  arm  t h e  

m o d u l e .   The  f i r s t   and  s e c o n d   a r m i n g   c o n t r o l   p u l s e s   w i l l  

p r o d u c e   a  c u r r e n t   p u l s e   i n c r e a s e   on  t he   f i r i n g   l i n e   p o w e r  
of   a  p r e d e t e r m i n e d   a m p l i t u d e   to  i n d i c a t e   to  t he   c o n t r o l  

u n i t   i f   one  and  o n l y   one  m o d u l e   i s   r e s p o n d i n g   to  t h e  

a r m i n g   s e q u e n c e .   I f   t h e ; c u r r e n t   i n c r e a s e   is   w i t h i n  

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

t h e   c h a r g e   in  t h e   m o d u l e   to  t h e   f i r i n g   l i n e .   Once  t h e  

m o d u l e   is  a rmed   f o r   f i r i n g ,   t h e   c o n t r o l   u n i t   14  can  i s s u e  

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

f i r i n g   l i n e   p o w e r   to  r e s e t   a l l   of  t he   m o d u l e s   and  p e r m i t  

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

m o d u l e .  



In  d e s c r i b i n g   t h e   i n v e n t i o n ,   r e f e r e n c e   has   b e e n   m a d e  

to  i t s   p r e f e r r e d   e m b o d i m e n t .   H o w e v e r ,   t h o s e   s k i l l e d   i n  

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

may  r e c o g n i z e   a d d i t i o n s ,   d e l e t i o n s ,   s u b s t i t u t i o n s   or  o t h e r  

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

i n v e n t i o n   as  d e f i n e d   in  t h e   a p p e n d e d   c l a i m s .   For   e x a m p l e ,  
t h e   i n v e n t i o n   has   b e e n   d e s c r i b e d   w i t h   r e f e r e n c e   to  a  

s i n g l e   f i r i n g   l i n e   3  w h i c h   c a r r i e s   b o t h   p o w e r   and  c o n t r o l  

s i g n a l s   b e t w e e n   the   c o n t r o l   u n i t   14  and  t h e   p l u r a l i t y   o f  

f i r i n g   m o d u l e s   5.  I t   w i l l   be  o b v i o u s   t h a t   t he   a d v a n t a g e s  
of   t h e   p r e s e n t   i n v e n t i o n   may  be  o b t a i n e d   by  u s i n g   m o r e  

t h a n   one   s i g n a l   l i n e   to  c a r r y   p o w e r   and  c o n t r o l   s i g n a l s  

f rom  t h e   c o n t r o l   u n i t   to.  t he   m o d u l e s .   A  s i n g l e   l i n e   t o  

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

t h e   same  way  as  d i s c l o s e d   h e r e i n .  



1.  In  a  s i n g l e - l i n e   s e l e c t i v e   p e r f o r a t i n g   system  having  a  s i n g l e  

f i r i n g   l i n e   for  e l e c t r i c a l l y   c o n n e c t i n g   a  f i r i n g   c o n t r o l   u n i t   to  e a c h  

of  a  p l u r a l i t y   of  shot   modules ,   one  at  a  time  in  a  p r e d e t e r m i n e d  

sequence ,   where  each  module  is  adap ted   for  c o n n e c t i n g   the  c o n n e c t e d  

c o n t r o l   u n i t   to  a  next   module,  a  method  of  s e l e c t i n g   a  module  f o r  

f i r i n g   c h a r a c t e r i z e d   by  the  s t ep   of  c o n n e c t i n g   each  module  one  at   a  

time  in  the  p r e d e t e r m i n e d   sequence  to  the  f i r i n g   l i n e   under  c o n t r o l   o f  

module  a c t i v e   time  i n t e r v a l s   i n t e r n a l l y   g e n e r a t e d   in  the  m o d u l e s ,  

where  each  module  g e n e r a t e s   i t s   a c t i v e   time  i n t e r v a l   in  r e sponse   t o  

being  connec t ed   to  the  f i r i n g   l i n e   with  the  next   module  in  t h e  

sequence  a u t o m a t i c a l l y   c o n n e c t e d   to  the  f i r i n g   l i n e   at   the  end  of  t h e  

a c t i v e   time  for  the  l a s t   connec t ed   module  if  t h a t   module  was  n o t  

s e l e c t e d   for  f i r i n g   du r ing   i t s   a c t i v e   time  i n t e r v a l .  

2.  The  method  of  c la im  1  c h a r a c t e r i z e d   in  t h a t   each  module  

r e c e i v e s   on  the  f i r i n g   l i n e   both  power  and  f i r i n g   s i g n a l s   from  s a i d  

c o n t r o l   u n i t ,   and  c o m p r i s i n g   the  s t ep s   o f :  

(a)  g e n e r a t i n g   i n t e r n a l   to  each  module  in  r e sponse   to  r e c e i p t   o f  

the  power  s i g n a l s   on  the  f i r i n g   l i n e  

(i)  a  module  a c t i v e   time  i n t e r v a l   dur ing   which  the  m o d u l e  

may  be  s e l e c t e d   for  f i r i n g   by  a  s e l e c t i o n   c o n t r o l   s i g n a l   f r o m  

the  c o n t r o l   u n i t ,   a n d  

( i i )   an  i d e n t i f i c a t i o n   pu l se   for  t r a n s m i s s i o n   over  t h e  

f i r i n g   l i n e   to  the  c o n t r o l   un i t   to  i n d i c a t e   t h a t   a  n e x t  

module  has  been  connec t ed   to  the  f i r i n g   l i n e ;   a n d  

(b)  a u t o m a t i c a l l y   c o n n e c t i n g   the  f i r i n g   l i n e   to  the  next   module  

in  the  sequence  at   the  end  of  the  module  a c t i v e   time  for  the  l a s t  

connec t ed   module  if  t h a t   module  was  not  s e l e c t e d   for  f i r i n g   d u r i n g  

i t s   a c t i v e   t i m e .  

3.  The  method  of  c l a im  2  c h a r a c t e r i z e d   in  t h a t   the  s tep   o f  

g e n e r a t i n g   an  i d e n t i f i c a t i o n   pu l se   compr i ses   g e n e r a t i n g   dur ing   t h e  

a c t i v e   time  i n t e r v a l   for  each  module  an  i d e n t i f i c a t i o n   pu l se   w h i c h  

u n i q u e l y   i d e n t i f i e s   the  m o d u l e s .  



4.  The  method  of  c l a im  1,  2  or  3  c h a r a c t e r i z e d   in  t h a t   the  s t e p  
of  c o n n e c t i n g   each  module  to  the  f i r i n g   l i n e   compr i ses   the  s t ep s   o f :  

(a)  app ly ing   power  to  the  f i r i n g   l i n e   in  the  form  of  v o l t a g e   a n d  

c u r r e n t   for  powering  the  modules  connec ted   to  the  f i r i n g   l i n e ;  

(b)  g e n e r a t i n g   a  module  a c t i v e   time  i n t e r v a l   in  the  module  l a s t  

c o n n e c t e d   to  the  f i r i n g   l i n e   power ;  

(c)  c o n t r o l l i n g   at  the  end  of  each  module  a c t i v e   time  i n t e r v a l   a  

p a s s - t h r o u g h   swi tch   to  pass  the  f i r i n g   l i n e   power  to  the  n e x t  

module  in  the  sequence ;   a n d  

(d)  r e p e a t i n g   s t ep s   (b)  and  (c)  u n t i l   the  module  to  be  s e l e c t e d  

is  g e n e r a t i n g   an  a c t i v e   time  i n t e r v a l .  

5.  The  method  of  c l a im  2  or  3  c h a r a t e r i z e d   in  t h a t   each  module  

a c t i v e   time  i n t e r v a l   i n c l u d e s  

(a)  a  f i r s t   p o r t i o n   dur ing   which  the  module  g e n e r a t e s   and  

a p p l i e s   the  i d e n t i f i c a t i o n   pu l se   onto  the  f i r i n g   l i n e ,   and  

(b)  a  second  p o r t i o n   dur ing   which  the  module  is  enabled   t o  

r e c e i v e   a  s e l e c t i o n   pu l se   on  the  f i r i n g   l i n e   from  the  c o n t r o l  

u n i t   to  s e l e c t   the  module  for  f i r i n g .  

6.  The  method  of  c la im  2  c h a r a c t e r i z e d   in  t h a t   the  s t e p   o f  

g e n e r a t i n g   the  i d e n t i f i c a t i o n   pu l se   i n c l u d e s   the  s tep   of  g e n e r a t i n g   a  

c u r r e n t   i n c r e a s e   in  the  f i r i n g   l i n e   power  where  the  amp l i t ude   of  t h e  

f i r i n g   l i n e   c u r r e n t   change  l i e s   in  a  p r e d e t e r m i n e d   r a n g e .  

7.  The  method  of  c l a i m  2   or  6  c h a r a c t e r i z e d   in  t h a t   t h e  

i d e n t i f i c a t i o n   pu l se   for  each  module  must  occur  w i th in   a  p r e d e t e r m i n e d  

time  window  measured  from  the  o c c u r r e n c e   of  the  l a s t   i d e n t i f i c a t i o n  

p u l s e .  



8.  The  method  of  c la im  1  c h a r a c t e r i z e d   by  the  s t e p s   o f :  

(a)  g e n e r a t i n g   an  arming  pu l se   to  the  a c t i v e   module  when  t h a t  

module  is  to  be  armed  for  f i r i n g ;   a n d  

(b)  c o n n e c t i n g   the  d e t o n a t i o n   p o r t i o n   of  the  shot   in  the  s e l e c t e d  

module  to  the  f i r i n g   l i n e   when  the  module  is  armed  for  f i r i n g   by  

the  arming  pu l se   whereby  a  f i r i n g   pu l se   on  the  f i r i n g   l i n e   c a n  

d e t o n a t e   the  s e l e c t e d   s h o t .  

9.  The  method  of  c la im  3  or  4  c h a r a c t e r i z e d   in  t h a t   the  s t ep   o f  

g e n e r a t i n g   the  i d e n t i f i c a t i o n   pu l se   which  un ique ly   i d e n t i f i e s   t h e  

module  i n c l u d e s   the  s t ep   of  g e n e r a t i n g   a  p r e d e t e r m i n e d   number  o f  

c u r r e n t   p u l s e s   on  the  f i r i n g   l i n e   where  the  time  i n t e r v a l   to  g e n e r a t e  

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

10.  The  method  of  c la im  9  c h a r a c t e r i z e d   by  the  s t ep   of  p r o v i d i n g  

each  module  with  a  d i f f e r e n t   p r e d e t e r m i n e d   time  base  for  g e n e r a t i n g  

the  i d e n t i f i c a t i o n   pu l se   whereby  the  time  i n t e r v a l s   of  t h e  

i d e n t i f i c a t i o n   p u l s e s   for  the  modules  are  each  d i f f e r e n t .  

11.  The  method  of  c la im  10  c h a r a c t e r i z e d   by  the  s t ep   o f  

c o n n e c t i n g   the  sho t   in  the  s e l e c t e d   module  to  the  f i r i n g   l i ne   when  t h e  

module  is  s e l e c t e d   for  f i r i n g   whereby  a  f i r i n g   pu l se   on  the  f i r i n g  

l i n e   can  d e t o n a t e   the  s e l e c t e d   s h o t .  

12.  The  method  of  c la im  11  c h a r a c t e r i z e d   by  the  s t ep   o f  

c o n n e c t i n g   the  shot   to  the  f i r i n g   l i n e   i n c l u d e s   the  s t e p s   o f :  

(a)  g e n e r a t i n g   a  p r e d e t e r m i n e d   i n c r e a s e   in  the  f i r i n g   l i n e  

c u r r e n t   in  r e sponse   to  a  f i r s t   arming  c o n t r o l   p u l s e ,   t h e  

p r e d e t e r m i n e d   i n c r e a s e   in  c u r r e n t   i n d i c a t i n g   t h a t   a  s i n g l e   module  

is  r e spond ing   to  the  arming  c o n t r o l   p u l s e s ;  



(b)  removing  the  p r e d e t e r m i n e d   c u r r e n t   i n c r e a s e   in  the  f i r i n g  
l i n e   c u r r e n t   in  r e sponse   to  a  second  arming  c o n t r o l   p u l s e ;   a n d  

(c)  c o n n e c t i n g   the  shot   to  the  f i r i n g   l i n e   in  r e sponse   to  a  t h i r d  

arming  c o n t r o l   pu l se   g e n e r a t e d   if   the  p r e d e t e r m i n e d   change  i n  

f i r i n g   l i n e   c u r r e n t   is  w i t h i n   a c c e p t a b l e   l i m i t s .  

13.  The  method  of  any  one   of  the  p r e v i o u s   c la ims   c h a r a c t e r i z e d   by  
the  s t e p   of  g rounding   the  sho t   in  each  module  t h a t   was  connec ted   t o  

but  not  s e l e c t e d   by  the  c o n t r o l   u n i t .  

14.  The  method  of  any  one   of  the  p r e v i o u s   c la ims   c h a r a c t e r i z e d   by 
the  s t ep   of  g e n e r a t i n g   a  power  r e s e t   in  each  module  when  each  module  

is  c o n n e c t e d   to  the  f i r i n g   l i n e   t he r eby   i n i t i a t i n g   each  a c t i v e   t i m e  

i n t e r v a l .  

15.  The  method  of  c la im  5  where in   the  f i r s t   and  second  p o r t i o n s  

of  each  a c t i v e   time  i n t e r v a l   are  equal   in  l e n g t h .  

16.The  method  of  any  one   of  the  p r e v i o u s   c la ims   c h a r a c t e r i z e d   i n  

t h a t   each  module  connec t ed   to  the  f i r i n g   l i n e   but  not  s e l e c t e d   r e m a i n s  

c o n n e c t e d   to  the  f i r i n g   l i n e   in  an  i n a c t i v e   s t a t e ,   and  where  t h e  

modules  in  an  i n a c t i v e   s t a t e   may  be  r e s e t   to  once  again   be  s e q u e n c e d  

by  m o m e n t a r i l y   removing  the  power  from  the  f i r i n g   l i n e  

17.  A  s i n g l e - w i r e   s e l e c t i v e   p e r f o r a t i n g   system  for  s e l e c t i v e l y  

d e t o n a t i n g   the  cha rges   in  a  p l u r a l i t y   of  f i r i n g   modules ,   one  at  a  

t ime,   c o m p r i s i n g :  

(a)  a  c o n t r o l   u n i t   o p e r a t i v e l y   connec t ed   to  the  modules  by  a  

s i n g l e   f i r i n g   l i n e   which  c a r r i e s   both  power  and  c o n t r o l   s i g n a l s  

between  sa id   c o n t r o l   u n i t   and  the  modules;   and  

(b)  a  p l u r a l i t y   of  s e l e c t a b l e   f i r i n g   modules  v e r t i c a l l y   c o n n e c t e d  

one  to  ano the r   to  form  an  e l o n g a t e d   assembly  s u i t a b l e   for  l o w e r i n g  

in to   a  wel l   b o r e h o l e ,   the  assembly  i n c l u d i n g   sa id   c o n t r o l   u n i t ,  

with  each  m o d u l e ,  



(i)  c o n t a i n i n g   at   l e a s t   one  charge   and  where  each  module  i s  

a u t o m a t i c a l l y   c o n n e c t e d   one  at  a  time  to  the  f i r i n g   l i n e   in  a  

p r e d e t e r m i n e d   sequence   to  r e c e i v e   power  t h e r e f r o m ,   a n d  

( i i )   in  r e sponse   to  r e c e i p t   of  power  on  the  f i r i n g   l i n e ,  

i n t e r n a l l y   g e n e r a t e s   a  module  a c t i v e   time  i n t e r v a l   d u r i n g  
which  the  module  and  i t s   charge   may  be  s e l e c t e d   for  f i r i n g   by 
sa id   c o n t r o l   u n i t ,   each  module  not  s e l e c t e d   for  f i r i n g   d u r i n g  

i t s   a c t i v e   time  i n t e r v a l   a u t o m a t i c a l l y   c o n n e c t i n g   the  f i r i n g  
l i n e   to  the  next   module  in  the  s e q u e n c e .  

18.  The  system  of  c la im  17,  c h a r a c t e r i z e d   in  t h a t   each  module,   i n  

r e sponse   to  r e c e i p t   of  power  on  the  f i r i n g   l i n e ,   then  g e n e r a t e s   d u r i n g  

the  a c t i v e   time  i n t e r v a l   an  i d e n t i f i c a t i o n   s i g n a l   which  u n i q u e l y  

i d e n t i f i e s   the  m o d u l e .  

19.  The  system  of  c la im  17  or  18  c h a r a c t e r i z e d   in  t h a t   s a i d  

c o n t r o l   u n i t   i n c l u d e s :  

(a)  a  means  for  d e t e c t i n g   the  amount  of  power  c u r r e n t   p r e s e n t   on  
the  f i r i n g   l i n e ,   t h e r e b y   to  d e t e c t   when  a  module  has  b e e n  

connec t ed   to  the  f i r i n g   l i n e ;   a n d  

(b)  a  means  for  g e n e r a t i n g   c o n t r o l   s i g n a l s   on  the  f i r i n g   l i n e  

i n c l u d i n g  

(i)  the  s e l e c t i o n   c o n t r o l   s i g n a l   for  s e l e c t i n g   the  module  t o  

be  s e l e c t e d   for  f i r i n g ,  

( i i )   a  sequence  of  arming  c o n t r o l   s i g n a l s   for  c o n n e c t i n g   t h e  

charge   in  the  s e l e c t e d   module  to  the  f i r i n g   l i n e ,   and  

( i i i )   a  f i r i n g   c o n t r o l   s i g n a l   for  d e t o n a t i n g   the  charge   i n  

the  module  s e l e c t e d   for  f i r i n g .  



20.  The  system  of  c l a im  19  c h a r a c t e r i z e d   in  t h a t   the  f i r i n g   l i n e  
in  each  of  s a id   f i r i n g   modules  i n c l u d e s   an  input   and  an  o u t p u t  
p o r t i o n ,   each  s a id   f i r i n g   module  c o m p r i s i n g :  

(a)  an  i d e n t i f i c a t i o n   s i g n a l   g e n e r a t o r   r e s p o n s i v e   to  the  r e c e i p t  

of  power  on  the  i npu t   p o r t i o n   of  the  f i r i n g   l i n e   for  g e n e r a t i n g  

the  i d e n t i f i c a t i o n   s i g n a l   to  sa id   c o n t r o l   u n i t   i n d i c a t i n g   t h a t   a  

p a r t i c u l a r   one  of  s a id   modules  has  been  connec t ed   to  the  f i r i n g  

l i n e ;  

(b)  a  module  a c t i v e   time  i n t e r v a l   g e n e r a t o r   r e s p o n s i v e   to  s a i d  

i d e n t i f i c a t i o n   s i g n a l   g e n e r a t o r   for  g e n e r a t i n g   the  module  a c t i v e  

time  i n t e r v a l   du r ing   which  the  module  may  be  s e l e c t e d   for  f i r i n g ;  

(c)  a  s top   pu l se   d e t e c t o r   r e s p o n s i v e   to  the  s e l e c t i o n   s i g n a l   on 

the  inpu t   p o r t i o n   of  the  f i r i n g   l i n e   and  to  sa id   time  i n t e r v a l  

g e n e r a t o r   for  t e r m i n a t i n g   the  g e n e r a t i o n   of  the  module  a c t i v e   t i m e  

i n t e r v a l   and  for  t e r m i n a t i n g   f u r t h e r   module  s e l e c t i o n ;  

(d)  an  arming  c i r c u i t   r e s p o n s i v e   to  the  sequence  of  a r m i n g  

c o n t r o l   s i g n a l s   and  s a id   s top   p u l s e   d e t e c t o r   for  c o n n e c t i n g   t i e  

charge   in  the  module  to  the  f i r i n g   l i n e   t h e r e b y   arming  the  module  

for  f i r i n g ;   a n d  

(e)  a  p a s s - t h r o u g h   swi tch   r e s p o n s i v e   to  sa id   module  a c t i v e   t i m e  

i n t e r v a l   g e n e r a t o r   for  c o n n e c t i n g   at   the  end  of  the  module  a c t i v e  

time  i n t e r v a l   the  i npu t   p o r t i o n   of  the  f i r i n g   l i n e   to  the  o u t p u t  

p o r t i o n   t he r eby   c o n n e c t i n g   power  to  a  next   f i r i n g   module  in  t h e  

a s s e m b l y .  

21.  The  system  of  c la im  18,  19  or  20  c h a r a c t e r i z e d   in  t h a t   s a i d  

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

(a)  a  power  r e s e t   c i r c u i t   r e s p o n s i v e   to  the  r e c e i p t   of  power  on  

the  i npu t   p o r t i o n   of  the  f i r i n g   l i n e   for  g e n e r a t i n g   a  power  r e s e t  

pu l se   to  i n i t i a t e   the  a c t i v e   time  i n t e r v a l   for  the  module;  and  



(b)  a  f i r s t   load  connec t   means  r e s p o n s i v e   to  the  power  r e s e t  

pu l se   for  g e n e r a t i n g   a  p r e d e t e r m i n e d   number  of  p u l s e s   on  t h e  

f i r i n g   l i n e   where  the  time  r e q u i r e d   to  g e n e r a t e   the  p r e d e t e r m i n e d  
number  of  p u l s e s   r e p r e s e n t s   the  i d e n t i f i c a t i o n   s i g n a l   w h i c h  

u n i q u e l y   i d e n t i f i e s   the  m o d u l e .  

22.  The  system  of  c la im  17  c h a r a c t e r i z e d   in  t h a t   the  f i r i n g   l i n e  

in  each  of  sa id   f i r i n g   modules  i n c l u d e s   an  input   and  an  o u t p u t  

p o r t i o n ,   each  sa id   f i r i n g   module  c o m p r i s i n g :  

(a)  an  i d e n t i f i c a t i o n   pu l se   g e n e r a t o r   r e s p o n s i v e   to  the  r e c e i p t  
of  power  on  the  i npu t   p o r t i o n   of  the  f i r i n g   l i n e   for  g e n e r a t i n g   a  

pu l se   i n d i c a t i n g   t h a t   the  module  has  been  connec t ed   to  the  f i r i n g  

l i n e ;  

(b)  a  module  a c t i v e   time  i n t e r v a l   g e n e r a t o r   r e s p o n s i v e   to  s a i d  

i d e n t i f i c a t i o n   pu l se   g e n e r a t o r   for  g e n e r a t i n g   the  module  a c t i v e  

time  i n t e r v a l   dur ing   which  the  module  may  be  s e l e c t e d   for  f i r i n g ;  

(c)  a  s top   pu l se   d e t e c t o r   r e s p o n s i v e   to  a  s e l e c t i o n   pu l se   on  t h e  

inpu t   p o r t i o n   of  the  f i r i n g   l i n e   and  to  s a id   time  i n t e r v a l  

g e n e r a t o r   for  t e r m i n a t i n g   the  g e n e r a t i o n   of  the  module  a c t i v e   t i m e  

i n t e r v a l ,   and  for  c o n n e c t i n g   the  charge   in  the  module  to  t h e  

f i r i n g   l i n e   t he r eby   s e l e c t i n g   the  module  for  f i r i n g ;   and  

(d)  a  p a s s - t h r o u g h   swi tch   r e s p o n s i v e   to  sa id   module  a c t i v e   t i m e  

i n t e r v a l   g e n e r a t o r   for  c o n n e c t i n g   at   the  end  of  the  module  a c t i v e  

time  i n t e r v a l   the  input   p o r t i o n   of  the  f i r i n g   l i n e   to  the  o u t p u t  

p o r t i o n   t he reby   c o n n e c t i n g   power  to  a  n e x t   f i r i n g   module  in  t h e  

a s s e m b l y .  

23.  The  system  of  c la im  20  or  21  c h a r a c t e r i z e d   in  t h a t   s a i d  

i d e n t i f i c a t i o n   pu l se   g e n e r a t o r   c o m p r i s e s :  

(a)  a  power  r e s e t   c i r c u i t   r e s p o n s i v e   to  the  r e c e i p t   of  power  on 

the  input   p o r t i o n   of  the  f i r i n g   l i n e   for  g e n e r a t i n g   a  power  r e s e t  

pu l se   to  i n i t i a t e   the  a c t i v e   time  i n t e r v a l   for  the  module;  a n d  



(b)  a  load  connec t   means  r e s p o n s i v e   to  the  power  r e s e t   pu l se   f o r  

i n c r e a s i n g   the  c u r r e n t   on  the  f i r i n g   l i n e ,   the  c u r r e n t   p u l s e  
i n c r e a s e   in  f i r i n g   l i n e   c u r r e n t   r e p r e s e n t i n g   the  i d e n t i f i c a t i o n  

pu l se   of  the  m o d u l e .  

24.  The  system  of  c la im  23  c h a r a c t e r i z e d   in  t h a t   s a id   f i r i n g  

module  a c t i v e   time  i n t e r v a l   g e n e r a t o r   c o m p r i s e s :  

(a)  a  c l o c k i n g   o s c i l l a t o r   for  g e n e r a t i n g   a  d i g i t a l   time  b a s e  

c l o c k i n g   s i g n a l ;   a n d  

(b)  a  b i n a r y   coun te r   r e s p o n s i v e   to  sa id   s top   pu l se   d e t e c t o r   a n d  

the  c l o c k i n g   s i g n a l   for  c o u n t i n g   a  p r e d e t e r m i n e d   number  of  c l o c k  

p u l s e s   to  d e t e r m i n e   the  l e n g t h   of  the  module  a c t i v e   time  i n t e r v a l ,  

s a id   c o u n t e r  

(i)  o u t p u t t i n g   a  f i r s t   s i g n a l   when  a  f i r s t   p o r t i o n   of  t h e  

time  i n t e r v a l   has  o c c u r r e d ,   a n d  

( i i )   o u t p u t t i n g   a  second  s i g n a l   when  a  second  p o r t i o n   of  t h e  

time  i n t e r v a l   has  o c c u r r e d .  

25.  The  system  of  c la im  24  c h a r a c t e r i z e d   in  t h a t  

(a)  the  i d e n t i f i c a t i o n   s i g n a l   is  g e n e r a t e d   dur ing   the  f i r s t  

p o r t i o n   of  the  time  i n t e r v a l ,   a n d  

(b)  the  module  is  enab led   to  r e c e i v e   a  s e l e c t i o n   pu l se   dur ing   t h e  

second  p o r t i o n   of  the  time  i n t e r v a l .  

26.  The  system  of  c la ims   24  or  26  c h a r a c t e r i z e d   in  t h a t   s a id   s t o p  

pu l se   d e t e c t o r   c o m p r i s e s :  

(a)  a  means  for  d e t e c t i n g   an  i n c r e a s e   in  v o l t a g e   on  the  i n p u t  

p o r t i o n   of  the  f i r i n g   l i n e ,   an  i n c r e a s e   in  v o l t a g e   dur ing   t h e  

second  p o r t i o n   of  the  a c t i v e   time  i n t e r v a l   r e p r e s e n t i n g   t h e  

s e l e c t i o n   p u l s e ;  



(b)  a  d i s a b l i n g   means  r e s p o n s i v e   to  the  d e t e c t i n g   means  and  t o  

sa id   module  time  i n t e r v a l   g e n e r a t o r   for  d i s a b l i n g   the  c l o c k i n g  

s i g n a l s   to  sa id   b i n a r y   c o u n t e r   and  for  g e n e r a t i n g   a  f i r i n g   s w i t c h  

s i g n a l   if   a  s e l e c t i o n   pu l se   is  d e t e c t e d   by  sa id   d e t e c t i n g   means  

dur ing   the  second  p o r t i o n   of  the  module  a c t i v e   time  i n t e r v a l ;   a n d  

(c)  a  c o n t r o l l a b l e   swi t ch   r e s p o n s i v e   to  the  f i r i n g   swi tch   s i g n a l  

for  c o n n e c t i n g   the  inpu t   p o r t i o n   of  the  f i r i n g   l i n e   to  the  c h a r g e  

in  sa id   f i r i n g   m o d u l e .  

27.  The  system  of  c la im  26  c h a r a c t e r i z e d   in  t h a t   s a id   s top   p u l s e  

d e t e c t o r   c o m p r i s e s :  

(a)  a  means  for  d e t e c t i n g   c o n t r o l   s i g n a l s   on  the  i npu t   p o r t i o n   o f  

the  f i r i n g   l i n e ,   a  c o n t r o l   s i g n a l   r e c e i v e d   du r ing   the  s e c o n d  

p o r t i o n   of  the  a c t i v e   time  i n t e r v a l   s e l e c t i n g   the  module  f o r  

f i r i n g ;   a n d  

(b)  a  d i s a b l i n g   means  r e s p o n s i v e   to  the  d e t e c t i n g   means  and  t o  

sa id   module  time  i n t e r v a l   g e n e r a t o r   for  d i s a b l i n g   the  c l o c k  

s i g n a l s   to  s a id   b i n a r y   c o u n t e r   t he r eby   t e r m i n a t i n g   f u r t h e r   modu le  

s equenc ing   i f   a  s e l e c t i o n   pu l se   was  r e c e i v e d   dur ing   the  s e c o n d  

p o r t i o n .  

28.  The  system  of  c la im  27  c h a r a c t e r i z e d   in  t h a t   the  sequence   o f  

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

s i g n a l ,   sa id   arming  c i r c u i t   i n c l u d i n g :  

(a)  a  second  load  connec t   means  r e s p o n s i v e   to  s a id   s top   p u l s e  

d e t e c t o r   and  to  the  f i r s t   and  second  arming  s i g n a l s   for  g e n e r a t i n g  

a  pu l se   of  p r e d e t e r m i n e d   magni tude   to  sa id   c o n t r o l   u n i t   t o  

i n d i c a t e   t h a t   only  one  module  is  r e s p o n d i n g   to  the  arming  s i g n a l s ;  

and  



(b)  a  charge   connec t   swi tch   r e s p o n s i v e   to  the  t h i r d   arming  s i g n a l  

and  s a i d   s top   pu l se   d e t e c t o r   for  c o n n e c t i n g   the  inpu t   p o r t i o n   o f  

the  f i r i n g   l i n e   to  the  charge   t he r eby   arming  the  module  for  f i r i n g .  

29.  The  module  of  c la im  26  c h a r a c t e r i z e d   in  t h a t   s a id   s top   p u l s e  

d e t e c t i o n   means  f u r t h e r   i n c l u d e s   a  zener  diode  connec ted   between  t h e  

f i r i n g   l i n e   and  sa id   c o n t r o l l a b l e   swi tch   for  b lock ing   any  v o l t a g e  

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

when  the  module  has  been  s e l e c t e d   for  f i r i n g ,   the  f i r i n g   pu l se   h a v i n g  

a  v o l t a g e   ampl i t ude   g r e a t e r   than  the  p r e d e t e r m i n e d   v o l t a g e .  

30.  The  method  of  any  one   of  c la ims   17  to  29  c h a r a c t e r i z e d   by  t h e  

s t ep s   o f :  

(a)  app ly ing   to  the  f i r i n g   l i n e   e l e c t r i c a l   power  having  v o l t a g e  

and  c u r r e n t   of  s u f f i c i e n t   magni tude   to  power  the  modules  b u t  

w i t h o u t   s u f f i c i e n t   power  to  f i r e   a  sho t ;   a n d  

(b)  g e n e r a t i n g   du r ing   a  module  a c t i v e   time  i n t e r v a l   a  s e l e c t i o n  

p u l s e   i f   the  a c t i v e   module  is  to  be  s e l e c t e d   whereby  the  module  i s  

s e l e c t e d   for  f i r i n g   by  a  f i r i n g   pu l se   of  s u f f i c i e n t   power  on  t h e  

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