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©  Borehole  devices  disarmed  by  fluid  pressure. 
  An  apparatus  (10)  for  actuating  an  explosive  device 
downhole  in  a  borehole  includes  a  mechanism  for  actuating 
the  explosive  device  in  response  to  a  stimulus,  and  means 
for  disarming  the  actuating  means  in  response  to  the 
application  of  fluid  pressure  thereto.  The  actuating  means 
can  be  actuated  by  a  pressure  differential  across  a  piston 

(122)  causing  movement  thereof  and  of  rod  (120)  to  release 
firing  pin  (86). In  such  case, the  disarming  means  includes  a 
valved  port  (232)  operable  by  sliding  movement  of  sleeve  64 
to  equalize  pressure  across  piston  (122).  Sleeve  64  is 
moveable  in  response  to  certain  pressure  conditions. 





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   d e v i c e s   f o r   u s e  
in  b o r e h o l e s   s u c h   as  o i l   a n d / o r   gas   w e l l s .  

E x p l o s i v e   d e v i c e s   d o w n h o l e   in  a  w e l l   a r e  

t y p i c a l l y   a c t u a t e d   by  s t e p s   t a k e n   a t   t h e   s u r f a c e   of  t h e  

w e l l .   Such  s t e p s   i n c l u d e ,   f o r   e x a m p l e ,   d r o p p i n g   a  

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

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

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

to  a c t u a t e   an  e x p l o s i v e   d e v i c e   and  m a n i p u l a t i n g   a  t u b i n g  

s t r i n g   or  t o o l   s t r i n g   f rom  t h e   s u r f a c e   to   do  so .   I t   w i l l  

be  r e a d i l y   a p p r e c i a t e d   t h a t   s i n c e   s u c h   a c t i o n s   a re   t a k e n  

at   a  l o c a t i o n   s e p a r a t e d   f rom  t h e   e x p l o s i v e s   by  a  b o r e h o l e  

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

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

p r i a t e   s t e p s   h a v e   been   t a k e n .  

A c c o r d i n g l y ,   when  t h e   e x p l o s i v e   d e v i c e   i s  

r e t r i e v e d   f r o m  t h e   b o r e h o l e ,   i t   i s   d e s i r a b l e   to   t a k e  

s t e p s   to   e n s u r e   i t   has   b e e n   d i s a r m e d   b e f o r e   i t   a r r i v e s   a t  

t h e   s u r f a c e .  

In  a c c o r d a n c e   w i t h   one  a s p e c t   of  t h e   p r e s e n t  

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

e x p l o s i v e   d e v i c e   d o w n h o l e   in  a  b o r e h o l e .   The  a p p a r a t u s  

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

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

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

p r e s s u r e   t h e r e t o .  



In  a c c o r d a n c e   w i t h   a n o t h e r   a s p e c t   of  t h e   p r e s e n t  

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

gun  has   a  p r e s s u r e   r e s p o n s i v e   d i s a r m i n g   d e v i c e .   The  m e t h o d  

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

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

i n c r e a s e d   f l u i d   p r e s s u r e .  
In  o r d e r   t h a t   t h e   i n v e n t i o n   may  be  more   f u l l y  

u n d e r s t o o d ,   an  e m b o d i m e n t   t h e r e o f   w i l l   now  be  d e s c r i b e d  

by  way  of  e x a m p l e   o n l y ,   w i t h   r e f e r e n c e   to   t h e   a c c o m p a n y i n g  

d r a w i n g s ,   w h e r e i n :  

FIGURES  1A  and  1B  a r e   p a r t i a l l y   c r o s s - s e c t i o n a l  

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

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

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 ;  

FIGURE  2  i s   a  p a r t i a l l y   c r o s s - s e c t i o n a l   v i e w   o f  

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

g u n s  



have  been  p o s i t i o n e d   to  p e r f o r a t e   the  casing  at  a  d e s i r e d  

depth  and  u t i l i z i n g   the  f i r i n g   head  of  Figures  1A  and  18. 

Figures  1A  and  1B  i l l u s t r a t e   a  f lu id   p r e s s u r e  

actuated  f i r i n g   head  for  oil  and/or  gas  well  p e r f o r a t i n g   guns ,  

embodying  one  p a r t i c u l a r l y   advantageous  a p p l i c a t i o n   of  t h e  

presen t   i nven t ion .   With  r e fe rence   p a r t i c u l a r l y   to  Figure  1A, 

a  gene ra l l y   c y l i n d r i c a l   disarm  sub  12  is  provided  with  a  p i n  

type  coupling  14  at  a  f i r s t   end  of  the  f i r i n g   head  10  and 

adapted  to  form  a  threaded  coupling  with  another  downhole  t o o l  

or  with  a  jo in t   of  tubing  in  a  tubing  s t r i n g .   An  opposed  end 

of  the  disarm  sub  12  forms  a  threaded  connect ion   with  a 

tubula r   member  15  at  a  f i r s t   end  t he r eo f .   An  O-ring  18 

provides  a  f l u i d - t i g h t   seal  between  the  outer   surface   of  sub 

12  and  the  inner  sur face   of  tubular   member  15.  Two  set  screws 

20-oppose  decoupling  of  the  sub  12  from  the  tubular   member  15. 

An  opposed,  second  end  of  the  t ubu la r   member  15  i s  

th readed ly   coupled  to  a  p is ton  chamber  sub  22  at  a  f i r s t   end 

the reo f .   An  O-ring  24  seals   the  outer   surface   of  sub  22  t o  

the  inner  surface   of  t ubu la r   member  15,  while  a  fu r the r   p a i r  

of  set  screws  26  prevent   decoupling  of  tubu la r   member  15  and 

sub  22.  An  i n t e r m e d i a t e   sub  23  is  t h readed ly   coupled  to  sub 

22  at  a  second  end  t h e r e o f .   An  O-ring  25  seals   the  o u t e r  



sur face   of  r.ub  22  to  the  inner  surface  of  i n t e rmed ia t e   sub  23,  

while  a  pair  of  set  screws  27  prevent   decoupling  of  sub  22  and 

sub  23.  With  r e f e rence   to  Figure  1B,  an  opposed,  second  end 

of  sub  23  is  t h readed ly   coupled  to  a  tubular   housing  28  and  an 

0 - r ing   30  sea ls   the  e x t e r i o r   surface   of  the  sub  23  to  t h e  

i n t e r i o r   surface   of  the  housing  28,  while  two  a d d i t i o n a l   s e t  

screws  32  prevent   decoupling  of  the  sub  22  from  the  hous ing  

28.  An  opposed,  second  end  of  the  housing  28  is  provided  w i t h  

a  box  type  coupling  36  adapted  to  from  a  f l u i d - t i g h t  

connec t ion   with  the  housing  of  a  p e r f o r a t i n g   gun.  

With  r e f e r ence   again  to  Figure  1A,  a  disarm  p i s t o n  

40  is  s l i d a b l y   p o s i t i o n e d   within  the  disarm  sub  12  i n i t i a l l y  

ad j acen t   the  f i r s t   or  pin  end  14  thereof   and  forming  a 

f l u i d - t i g h t   seal   aga in s t   the  inner  surface  of  the  sub  12  by 

means  of  an  O-ring  seal  42.  Four  t r a n s v e r s e   por ts   44  a r e  

formed  through  the  p i s ton   40  and  are  i n i t i a l l y   a l igned  w i t h  

co r r e spond ing   por ts   46  formed  through  the  sides  of  the  d i s a r m  

sub  12.  Disarm  p i s ton   40  is  also  provided  with  an  a x i a l  

cen te r   bore  48  extending  the re th rough   and  in  communicat ion 

with  the  por t s   44  t h e r e o f ,   so  tha t   the  e x t e r i o r   of  the  d i s a r m  

sub  12  and  of  the  f i r i n g   head  10  is  in  f lu id   p r e s s u r e  

communication  with  the  i n t e r i o r   of  the  disarm  sub  12  and ,  

i n i t i a l l y ,   with  the  i n t e r i o r   of  the  tool  or  tubing  j o i n t  

coupled  to  the  f i r i n g   head  10  at  the  pin  end  14.  A  p l u r a l i t y  

of  shear  pins  50  maintain   the  i n i t i a l   p o s i t i o n   of  the  d i s a r m  

p i s ton   40  a x i a l l y   with  r e spec t   to  the  disarm  sub  12. 



Also  shown  in  Figure  1A  is  a  disarm  plug  54  having  a 

lower,  gene ra l ly   c y l i n d r i c a l l y   shaped  por t ion   56  adapted  t o  

seat  in  the  port  48  of  the  disarm  p is ton   40  and  to  form  a 

f l u i d - t i g h t   seal  t h e r e a g a i n s t   by  v i r t ue   of  a  chevron- type   s e a l  

58  provided  in  the  lower  por t ion   56.  Disarm  plug  54  is  a l s o  

provided  with  a  f i sh ing   neck  60  which  permits   the  plug  54  t o  

be  r e t r i e v e d ,   if  so  d e s i r e d .  

A  disarm  sleeve  64  is  s l i d a b l y   mounted  on  t h e  

e x t e r i o r   of  the  tubula r   member  15  and  the  disarm  sub  12.  The 

disarm  sub  12  is  provided  with  four  a x i a l l y   extending  s lo t s   66 

(only  two  of  which  are  shown  in  Figure  1A)  e x t e n d i n g  

the re th rough   ad jacent   a  f i r s t   end  of  the  disarm  sleeve  64.  

Four  screws  70  (only  two  of  which  are  shown  in  Figure  1A)  a r e  

threaded  into  and  r e t a ined   by  the  disarm  p i s ton   40  and  ex t end  

r a d i a l l y   outwardly  therefrom  through  the  s lo t s   66  and  i n t o  

four  c i r c u l a r   bores  formed  in  the  disarm  s leeve  64  a d j a c e n t  

i ts   f i r s t   end,  such  that   a  s l i d ing   movement  of  the  p is ton  40 

inwardly  of  the  disarm  sub  12  from  the  pin  end  14  will   cause  

the  sleeve  64  to  s l ide   over  the  disarm  sub  12  and  the  t u b u l a r  

member  15  to  the  extent   that   the  s lo t s   66  permit  the  screws  70 

to  t r ave l   ax i a l l y   t he r e th rough .   A  shoulder   72  i s  formed  i n  

the  i n t e rmed ia t e   sub  23  thus  to  prevent   f u r t h e r   axial   movement 

of  the  sleeve  64  which  might  shear  the  screws  70  with  a 

consequent  loss  of  cont ro l   over  the  p o s i t i o n   of  the  s leeve  64. 

With  re fe rence   to  Figure  1B,  a  de tona t ion   i n i t i a t o r  

80  is  received  within  a  c en t r a l   bore  of  a  r e t a i n i n g   member  82 



pos i t i oned   within  the  housing  28  ad jacen t   the  box  coupling  36 

the reof ,   such  that  a  threaded  end  of  a  p e r f o r a t i n g   gun  coupled  

the re to   abuts  a  f i r s t   ex t remi ty   of  the  de tonat ion   i n i t i a t o r   80 

.and  the  r e t a i n i n g   member  82,  thus  opposing  movement  t h e r e o f  

outwardly  of  the  housing  28.  Two  O-ring  seals  84  seal  an 

outer   c y l i n d r i c a l   surface  of  the  r e t a i n i n g   member  82  a g a i n s t  

an  inner  surface  of  the  housing  28.  

The  de tona t ion   i n i t i a t o r   80  is  an  impact  t y p e  

de tona to r   adapted  to  provide  a  de tona t ing   output  to  t h e  

p e r f o r a t i n g   guns  when  s t ruck  at  an  opposi te   extremity  by  a 

f i r i n g   pin  86.  A  p l u r a l i t y   of  0 - r i ngs   90  seal  the  e x t e r i o r   o f  

the  de tona t ion   i n i t i a t o r   80  to  the  i n t e r i o r   of  the  r e t a i n i n g  

member  82.  The  de tona t ion   i n i t i a t o r   80  may  u t i l i z e ,   f o r  

example,  a  percuss ion   primer  of  the  type  d i sc losed   in  Un i t ed  

S ta tes   patent   a p p l i c a t i o n   s e r i a l   No.  587,344  e n t i t l e d   PRIMER 

MIX,  PERCUSSION  PRIMER  AND  METHOD  OF  INITIATING  COMBUSTION 

f i l ed   March  8,  1984  in  the  name  of  Donald  N.  Yates  and 

assigned  to  the  assignee  of  the  p re sen t   a p p l i c a t i o n ,   t h e  

e n t i r e   d i s c lo su re   of  which  is  i ncorpora ted   herein  by 

r e f e r e n c e .   An  exemplary  primer  mix  includes  41%  by  w e i g h t  

t i t an ium  and  59%  by  weight  potassium  pe r ch lo r a t e   compacted  to  

a  dens i ty   of  from  2.3  to  2.5  gm/cc  by  sub jec t ion   to  compact ion 

p ressure   of  from  15,000  to  50,000  psi  (103  to  345  MPa). 

The  f i r ing   pin  86  is  ca r r i ed   by  a  plunger  94 

pos i t i oned   s l idab ly   within  a  c e n t r a l   bore  of  a  plunger  hous ing  



96  a b u t t i n g   the  r e t a i n i n g   member  82.  The  e x t e r i o r   surface  o f  

the  plunger   94  is  sealed  aga ins t   the  cent ra l   bore  of  t he  

housing  96  by  a  pair   of  0 - r ing   seals   98.  The  plunger  housing 

96  is  held  between  the  r e t a i n i n g   member  82  (at  a  f i r s t   end  o f  

the  housing  96)  and  a  shoulder   100  of  the  housing  28,  such 

tha t   i t   is  immovable  with  r e spec t   to  the  housing  28.  An 

annu la r ly   shaped  shock  absorber   101  is  r e t a ined   between  member 

82  and  housing  96  and  serves  to  prevent   damage  to  the  p l u n g e r  

94  upon  f i r i n g .   An  outer  sur face   of  the  housing  96  is  s e a l e d  

aga ins t   an  inner  surface  of  the  housing  28  by  two  0-r ing  s e a l s  

102.  The  plunger  housing  96  has  a  reduced  diameter  neck 

po r t ion   106  ad jacent   a  second  end  thereof   and  having  f ou r  

c i r c u l a r   bores  r a d i a l l y   t h e r e t h r o u g h   (of  which  only  two  a r e  

shown  in  Figure  1B)  in  which  four  s tee l   ba l l s   108  are  c a p t u r e d  

between  an  annular  i n d e n t a t i o n   in  the  plunger  94  having  a 

g e n e r a l l y   s e m i - c i r c u l a r   c o n f i g u r a t i o n   to  conform  with  t he  

shape  of  the  ba l l s   108,  and  a  cup-shaped  ball   r e lease   110 

p o s i t i o n e d   over  the  neck  po r t ion   106  of  the  plunger  housing  96 

and  r e l e a s a b l y   a f f ixed  t he re to   by  a  p l u r a l i t y   of  shear  p i n s  

112.  The  shear  pins  112  are  maintained  within  the  b a l l  

r e l e a s e   110  by  a  gene ra l ly   c y l i n d r i c a l   pin  r e t a i n e r   114 

th readed ly   coupled  over  the  bal l   r e lease   110  and  r e s t r a i n i n g  

the  pins  112  from  s l ipp ing   outwardly  of  the  neck  106  and  b a l l  

r e l e a s e   110. 

The  ball   r e l ease   110  is  threadedly   coupled  to  a  rod  

120  at  a  f i r s t   end  the reof .   The  rod  120  extends  from  t h e  b a l l  



r e l e a s e   110  toward  the  pin  end  14  ax i a l ly   through  the  housing 

28,  the  i n t e rmed ia t e   sub  23  and  the  p is ton  chamber  sub  22 

(Figure  1A).  A  f i r s t   pis ton  122  is  threadedly   coupled  wi th  

the  rod  120  at  an  opposed  end  thereof   and  is  pos i t ioned   w i t h i n  

a  c e n t r a l   bore  of  pis ton  chamber  sub  22.  The  p is ton  122  forms 

a  f l u i d - t i g h t   seal  with  the  c en t r a l   bore  of  sub  22  by  v i r t u e  

of  two  O-rings  130. 

Piston  122  has  a  f i r s t ,   r e l a t i v e l y   large  d i ame te r  

recess   123  extending  from  a  f i r s t   end  124  thereof   towards  the  

box  end  36  of  the  f i r ing   head  10  and  te rminat ing   at  an 

inwardly  extending  shoulder  125  of  pis ton  122.  A  second,  

r e l a t i v e l y   smaller  diameter  recess   126  within  pis ton  122 

extends  from  shoulder  125  towards  the  box  end  36  of  f i r i n g  

head  10.  Second  recess  126  t e rmina tes   at  an  inner  wall  127  o f  

p i s ton   122.  A  p l u r a l i t y   of  f lu id   passageways  128  extend  from 

the  inner  wall  127  of  p is ton  122  through  an  outer  wall  129 

the reo f   c l o s e s t   the  box  end  36.  

A  second  pis ton  132  has  a  f i r s t ,   r e l a t i v e l y   small  

d iameter   po r t ion   133  extending  p a r t i a l l y   into  recess  126  of  

p i s ton   122  and  having  an  outer  wall  f i t t i n g   c lose ly   w i th  

recess   126  of  piston  122.  The  outer  surface  of  por t ion  133  i s  

sealed  aga ins t   recess  126  by  an  O-ring  134.  Port ion  133 

extends  from  recess  126  towards  the  pin  end  14  of  f i r ing   head 

10  and  t e rmina tes   at  a  second,  r e l a t i v e l y   l a rger   d i amete r  

po r t i on   135  of  pis ton  132  having  an  outer  surface  f i t t i n g  



c lose ly   aga ins t   the  recess   123  of  p i s ton   122.  The  second 

por t ion   135  of  p i s ton   132  is  sealed  aga ins t   the  recess  123  o f  

p i s ton   122  by  an  O-ring  136.  An  annular  air   chamber  137  i s  

def ined  between  the  outer   surface   of  por t ion   133  and  the  wa l l  

o f . t he   recess   123  of  p i s ton   122. 

A  shear  pin  ring  138  abuts  the  shoulder  125  o f  

p is ton   122  and  is  r e l e a s a b l y   secured  to  p is ton  132  by  a 

p l u r a l i t y   of  shear  pins  139.  Accordingly ,   the  shear  pins  139 

and  the  shear  pin  ring  138  r e l e a s a b l y   secure  the  piston  132 

aga ins t   movement  inwardly  of  p i s ton   122  un t i l   s u f f i c i e n t   f o r c e  

is  exerted  aga ins t   the  pins  139  to  shear  them.  A  disc  shaped 

pis ton  stop  140  abuts  wall  127  of  p is ton  122  and  is  p r o v i d e d  

with  a  p l u r a l i t y   of  f lu id   passageways  there through  to  en su re  

f lu id   communication  between  the  i n t e r i o r   of  recess  126  and 

the  passageways  128.   The  p i s ton   stop  140  serves  to  absorb  t h e  

shock  of  impact  between  the  por t ion   133  of  piston  132  and  t h e  

wall  127  of  p i s ton   122,  as  wil l   be  descr ibed   in  g rea te r   d e t a i l  

below. 

A  r a d i a l   port   141  extends  through  the  l a r g e r  

diameter   por t ion   135  of  p i s ton   132  and  is  in  f l u i d  

communication  with  the  volume  177  bounded  by  the  i n t e r i o r   o f  

the  t ubu la r   member  15.  A  l o n g i t u d i n a l   port  142  in  f l u i d  

communication  with  the  port   141  extends  through  the  r e l a t i v e l y  

smaller   diameter   por t ion   133  of  piston  132  and  is  in  f l u i d  

communication  with  the  volume  defined  between  the  por t ion  133, 



the  r e c e s s   126  of  p is ton  122  and  the  stop  140.  A c c o r d i n g l y ,  

while  the  p i s ton   132  is  maintained  in  the  pos i t ion   shown  in  

Figure  1A,  there  is  f lu id   communication  between  the  volume 

177  and  the  e x t e r i o r   of  the  p is ton  122,  on  the  one  hand,  and 

the  f l u i d   volume  ad jacent   the  side  129  of  the  p is ton  122. 

This  volume  is  f i l l e d   with  a  clean  f lu id   such  as  oil   or  d i e s e l  

f u e l ,   so  tha t   the  narrow  passages  exten&ing  through  the  s t o p  

140  and  the  passages  128  in  p i s ton   122  do  not  become  c logged  

with  p a r t i c u l a t e   matter   p resen t   in  well  f lu ids   on  the  e x t e r i o r  

of  f i r i n g   head  10.  Two  O-rings  146  are  pos i t ioned   w i t h i n  

annular   r e c e s s e s   in  the  e x t e r i o r   of  por t ion   135  of  p i s ton   132 

and  p o s i t i o n e d   to  seal  the  port   141  from  the  volume  177  w i t h i n  

the  t u b u l a r   member  15  when  the  p i s ton   132  has  been  f u l l y  

extended  into  the  p is ton  122. 

An  axial   ext remity   of  the  volume  within  t u b u l a r  

member  15  and  c l o s e s t   to  the  pin  end  14  is  defined  by  a 

f l o a t i n g   p i s ton   170  s l i dab ly   disposed  within  the  member  15  and 

sealed  t h e r e t o   by  two  0- r ing   seals   172.  The  opposi te   side  o f  

the  f l o a t i n g   p is ton  170  is  exposed  to  well  f lu ids   a d m i t t e d  

through  the  ports   46  in  the  disarm  sub  12  and  the  por ts   44  i n  

the  p i s t o n   40,  and  is  also  in  communication  with  the  i n t e r i o r  

of  the  tubing  or  other   tool  coupled  at  the  pin  end  14  th rough  

the  por t   48  in  the  p is ton  40.  A  p l u r a l i t y   of  ports  173 

ex tend ing   through  p is ton   170  are  closed  by  a  f r ang ib le   shim 

174  held  wi th in   p is ton   170.  The  use  of  shim  174  prevents   t he  

bui ld   up  of  a  p ressure   d i f f e r e n t i a l   between  the  volume  177 



with in   t ubu la r   member  15  and  p i s ton   170,  and  the  e x t e r i o r   o f  

the  f i r i n g   head  10.  The  volume  on  the  side  of  p i s ton   170 

oppos i t e   volume  177  and  within  the  disarm  sub  12  is  d e s i g n a t e d  

175.  

An  a d d i t i o n a l   f l o a t i n g   p i s ton   176  is  provided  on  t h e  

oppos i t e   side  of  the  f i r s t   p i s ton   122  and  forms  a  s l i d a b l e  

seal   aga in s t   a  r e l a t i v e l y   large  d iameter ,   inner  surface   of  t he  

i n t e r m e d i a t e   sub  23  by  v i r t ue   of  two  O-ring  seals   178  and 

forms  a  s l i d a b l e   seal  aga ins t   the  rod  120  by  v i r t u e   of  two 

a d d i t i o n a l   O-ring  seals   180.  The  i n t e r i o r   surface   of  the  sub 

23  and  the  p is ton   176  enclose  a  chamber  181  f i l l e d   w i t h  

n i t rogen   through  a  check  valve  182  (Figure  1B)  providing  f l u i d  

communication  from  the  e x t e r i o r   of  the  sub  23  to  the  n i t r o g e n  

chamber  181.  An  ex t remi ty   of  the  i n t e r m e d i a t e   sub  23  o p p o s i t e  

the  p i s ton   122  has  a  reduced  d iameter   axial   bore  which  forms  a 

f l u i d - t i g h t   seal  aga ins t   the  rod  120  by  v i r t ue   of  two  f u r t h e r  

0 - r i n g s   sea ls   186  (Figure  1B). 

Adjacent  th is   ex t remi ty   of  i n t e rmed ia t e   sub  23  a r e  

formed  four  r a d i a l   por ts   190  (only  two  of  which  are  shown  i n  

Figure  1B)  through  the  housing  28  admit t ing   f lu id   p r e s s u r e  

on  the  e x t e r i o r   of  f i r i n g   head  10  the re th rough   into  t h e  

chamber  defined  between  the  seals   186  and  an  a d d i t i o n a l  

f l o a t i n g   p is ton  192  sealed  at  i t s   outer  surface  aga ins t   t h e  

i n t e r i o r   surface   of  the  housing  128  by  a d d i t i o n a l   O-ring  s e a l s  

194  and  sealed  aga ins t   the  rod  120  by  s t i l l   f u r t he r   O - r i n g  



sea ls   196  between  the  f l o a t i n g   p is ton   192  and  the  rod  120. 

The  volume  200  between  the  i n t e r i o r   wall  of  the  housing  28,  

the  rod  120,  the  p i s ton   192  and  the  r e t a i n i n g   member  96  i s  

f i l l e d   with  a  clean  f l u i d ,   such  as  oil   or  d i e s e l   fue l .   P i s t o n  

192  has  a  p l u r a l i t y   of  por ts   t he r e th rough   closed  by  a  shim  193 

held  wi thin   p is ton   192.  Like  shim  174  of  p i s ton   170,  shim  193 

preven ts   bui ld   up  of  a  p re s su re   d i f f e r e n t i a l   between  t h e  

volume  200  and  the  e x t e r i o r   of  the  f i r i n g   head  10.  A  r u p t u r e  

disc  r e t a i n e r   201  having  a  port   t h e r e t h r o u g h   closed  by  a 

r u p t u r a b l e   disc   202  is  t h readed ly   rece ived   in  the  outer   w a l l  

of  housing  28,  so  that   the  disc  202  is  exposed  to  p r e s su re   i n  

the  volume  200  on  i ts   i n t e r i o r   side  and  exposed  to  b o r e h o l e  

p re s su re   on  i ts   e x t e r i o r   s ide.   Disc  202  is  s e l e c t e d   so  t h a t  

it   spon taneous ly   rup tu res   when  the  p r e s su re   d i f f e r e n t i a l  

across   i t   exceeds  500  psi  (3.5  MPa).  Accordingly ,   a  means  is  p rov ided  

for  r e l e a s i n g   p ressure   which  might  be  t rapped  in  volume  200 

when  the  f i r i n g   head  10  is  r e t r i e v e d   from  the  b o r e h o l e .  

One  poss ib l e   downhole  arrangement   u t i l i z i n g   t h e  

f i r i n g   head  of  Figures  of  1A  and  1B  is  shown  in  Figure  2  which 

i l l u s t r a t e s   a  por t ion   of  a  borehole  formed  in  the  ea r th   and 

l ined  with  a  casing  210.  A  tubing  s t r i n g   214  is  coupled  a t  

i ts   lower  end  to  the  pin  end  14  of  disarm  sub  12  of  the  f i r i n g  

head  10.  The  box  end  36  of  the  f i r i n g   head  10  is  t h r e a d e d l y  

coupled  to  a  s t r ing   of  p e r f o r a t i n g   guns  218  e x t e n d i n g  

downwardly  therefrom  and  p o s i t i o n e d   opposi te   a  p o r t i o n   220  o f  

the  casing  210  which  i t   is  des i red   to  p e r f o r a t e   with  the  guns 



218.  Coupled  to  the  guns  at  t he i r   lowermost  extremity   is  a 

shot  d e t e c t i o n   device  222  which  is  ope ra t ive   to  provide  a 

s ignal   t r a n s m i t t e d   upwardly  through  the  tubing  s t r ing   214  t o  

the  wellhead  a f t e r   a  time  delay  provided  by  a  combustive  t ime 

delay  element  i nco rpora t ed   within  the  shot  de t ec t i on   dev ice  

222.  Shot  d e t e c t i o n   device  222  may  be,  for  example,  t h a t  

d i s c l o s e d  i n   U.S.  Patent   App l i ca t ion   Se r i a l   No.  505,911  f i l e d  

June  20,  1983  in  the  names  of  Edward  A.  Colle,   J r . ,   et  a l .  

e n t i t l e d   METHOD  AND  APPARATUS  FOR  DETECTING  FIRING  OF 

PERFORATING  GUN. 

Once  the  guns  218  have  been  pos i t ioned   adjacent   t h e  

des i red   l oca t i on   220,  a  packer  226  ca r r i ed   by  the  t u b i n g  

s t r i n g   214  and  pos i t i oned   above  the  f i r i ng   head  10  is  set  t o  

i s o l a t e   the  casing  annulus  therebelow  from  the  annulus  above 

the  packer.   In  the  p a r t i c u l a r   arrangement  of  Figure  2,  t h e  

f i r i n g   head  10  is  ac tuated   to  f i r e   the  p e r f o r a t i n g   guns  218 

through  a  two-step  procedure ,   wherein  (1)  tubing  p r e s s u r e  

which  is  applied  through  the  port   48  of  disarm  pis ton  12  i s  

increased   above  a  f i r s t   predetermined  value  in  excess  o f  

h y d r o s t a t i c   p r e s s u r e ,   thus  to  arm  the  f i r i ng   head  10,  and  (2) 

the  f i r i n g   head  is  t h e r e a f t e r   f i red   by  reducing  the  t u b i n g  

p r e s s u r e   to  a  second  p ressure   l eve l .   With  re fe rence   t o  

Figures   1A  and  1B,  tubing  p ressure   is  applied  through  the  p o r t  

48  through  pin  end  14,  as  i nd ica ted   above.  The  pressure   i n  

volume  175  is  thus  increased  accordingly. .   This  p ressure   i s  

appl ied  s u b s t a n t i a l l y   undiminished  through  the  f l o a t i n g   p i s t o n  



170  to  the  volume  of  clear  f lu id   177  on  i t s   opposi te   s i d e .  

Since  at  th is   time  a  f luid  pressure   path  ex i s t s   from  t h e  

volume  177  through  the  ports  141,  142  and  128  to  the  f l o a t i n g  

pis ton  176,  the  ni t rogen  gas  p rev ious ly   stored  in  volume  181 

is  in  e q u i l i b r i u m   with  the  pressure   in  volumes  177  and  175 

through  the  f l oa t i ng   piston  176. 

As  the  pressure   in  the  volume  177  is  thus  i n c r e a s e d ,  

the  force  across  the  piston  132  produced  by  f luid  p r e s s u r e  

aga ins t   the  extremity   thereof   adjacent   volume  177  and  t h e  

surface   t he reo f   def ining  the  f i r s t   ext remity   of  the  a i r  

chamber  between  the  port ion  133  of  the  p is ton  132  and  t h e  

recess   123  cor respondingly   i nc reases ,   un t i l   the  pins  139  f a i l  

and  the  p i s ton   132  s l ides   within  p is ton  122,  abu t t ing   t h e  

p i s ton   stop  140.  O-rings  146  thus  form  a  f l u i d - t i g h t   s e a l  

between  po r t i on   135  of  piston  132  and  recess   123  of  p i s t o n  

122,  s ea l ing   off  port  141  from  volume  177.  It  will   be  s een  

that   f l u i d   pressure   within  the  n i t rogen  chamber  181,  as  w e l l  

as  f lu id   p ressure   exerted  agains t   wall  129  of  the  p i s ton   122 

oppos i te   the  pin  end  14  of  f i r i ng   head  10  is  thus  t rapped .   I t  

will  be  apprec ia t ed   that  it  is  not  necessary  to  know  t h e  

h y d r o s t a t i c   p ressure   p r e c i s e l y   when  applying  tubing  p r e s s u r e  

in  th i s   manner  to   arm  the  f i r i ng   head  10,  since  it   is  o n l y  

necessary   to  increase   tubing  pressure   s u f f i c i e n t l y   so  that   i t  

is  r ea sonab ly   ce r t a in   that  the  shear  pirts  139  have  b r o k e n .  

It  wi l l   also  be  seen  that   i f ,   for  any  reason  the  f i r i n g   head 

does  not  arm  in  this   manner,  the  procedure  may  be  r e p e a t e d  



with  r e l a t i v e   ease  and  e x p e d i t i o u s l y .   The  force  of  the  p i s t o n   8 4  

132  s t r i k i n g   the  wall  127  is  l a r g e l y   absorbed  by  the  p i s t o n  

stop  140.  This  helps  prevent   damage  to  the  appara tus ,   and 

also  helps  prevent   premature  f i r i n g   of  the  f i r i ng   head  10  by 

minimizing  the  shock  experienced  by  shear  pins  112  when  p i s t o n  

132  impacts  the  stop  140. 

With  r e fe rence   again  to  Figure  1B,  it  is  seen  t h a t  

lower  annulus  p ressure   is  communicated  within  the  housing  28 

through  the  por ts   190  and  thus  is  applied  through  the  f l o a t i n g  

p is ton   192  to  the  clean  f lu id   in  the  volume  200.  The  f l u i d  

p ressure   in  the  volume  200  is  appl ied   to  the  surface  of  t h e  

plunger  94  oppos i te   the  f i r i n g   pin  86,  which  is  r e s t r a i n e d  

aga ins t   s t r i k i n g   the  de tona t ion   i n i t i a t o r   80  so  long  as  t h e  

ba l l s   108  are  r e t a i n e d   within  the  neck  106  of  the  housing  96.  

As  the  tubing  p ressure   is  reduced  subsequent  to  the  i n c r e a s e  

which  armed  the  f i r i n g   head  as  descr ibed   above,  the  f o r c e  

across  the  p i s ton   122  produced  by  the  pressure   aga ins t   i t s  

wall  129  oppos i te   the  pin  end  14  and  the  reduced  pressure   on 

the  opposing  side  of  the  p i s ton   122  is  coupled  through  the  rod  

120  to  the  r e l ease   member  110.  When  this  force  becomes 

s u f f i c i e n t l y   g rea t ,   the  shear  pins  112  f a i l   so  that  the  p i s t o n  

122  is  dr iven  towards  the  pin  end  14,  thus  pul l ing  the  b a l l  

r e l e a s e   110  off  the  neck  106  and  f reeing  the  ba l l s   108  h o l d i n g  

the  plunger  94.  The  f i r i ng   pin  86  is  then  driven  into  t h e  

i n i t i a t o r   80  by  h y d r o s t a t i c   p re s su re   applied  to  the  o p p o s i t e  



side  of  plunger  94,  so  that   i n i t i a t o r   80  y i e ld s   a  d e t o n a t i n g  

output   at  i ts   opposed  end  to  f i re   the  guns  218.  

It  will   be  app rec i a t ed   that   the  f i r i n g   head  10  may 

be  arranged  for  arming  and  f i r i n g   through  a  wide  range  o f  

f lu id   p ressure   va lues ,   determined  from  time  to  time  s imply  

through  the  proper  s e l e c t i o n   of  the  shear  pins  112  and  139. 

Accordingly ,   it  is  p o s s i b l e   to  provide  a  f i r i n g   head,  or  o t h e r  

explos ion  i n i t i a t o r ,   which  is  to  be  f i red   e i t h e r   a t ,   above  o r  

below  h y d r o s t a t i c   p r e s s u r e .   The  f i r i n g   head  of  the  i n s t a n t  

embodiment  is  p a r t i c u l a r l y   useful   where  it  is  d e s i r e d   t o  

p e r f o r a t e   the  casing  of  a  borehole  with  an  u n d e r b a l a n c e d  

cond i t ion   and  r e q u i r i n g   only  the  adjus tment   of  tubing  p r e s s u r e  

to  carry  out  the  f i r i n g   s e q u e n c e .  

In  one  exemplary  method,  the  guns  218  and  f i r i n g  

head  10  are  run  into  the  well  on  tubing  214  and,  p r io r   t o  

s e t t i n g   the  packer  226,  a  l i g h t   f lu id   is  pumped  down  t h e  

tubing  to  c i r c u l a t e   d r i l l i n g   mud  out  of  the  tubing  s t r ing   214 

through  the  por ts   46  of  disarm  sub  12.  If  a  s u f f i c i e n t  

underbalance  is  thereby  achieved,   the  packer  226  is  then  s e t .  

If  i t   is  des i red   to  reduce  the  pressure   oppos i te   the  i n t e r v a l  

220  at  the  time  of  p e r f o r a t i o n   to  an  even  lower  va lue ,   t h e  

f lu id   in  the  tubing  214  can  be  c i r c u l a t e d   out  by  pumping 

n i t rogen   down  the  tubing  and  then  s e t t i n g   the  packer  226,  o r  

by  s e t t i n g   the  packer  and  then  swabbing  out  a  des i r ed   amount 

of  f lu id   from  the  tubing  214.  If  there  is  then  a  fu l l   column 



of  l i gh t   f lu id   in  the  tubing  214,  pump  p ressure   may  be 

increased  so  that   the  p ressure   appl ied  through  the  port  48  of  

the  f i r i n g   head  10  is  increased   s u f f i c i e n t l y   to  arm  the  f i r i n g  

head.  If  there  is  not  a  fu l l   column  of  f luid  in  the  t u b i n g  

214,  n i t rogen   may  be  pumped  down  on  top  of  a  p a r t i a l   column  of  

f lu id   to  achieve  the  necessary   arming  p r e s su re .   T h e r e a f t e r ,  

e i t he r   pump  p re s su re   is  reduced  or  n i t rogen   is  bled  off  u n t i l  

the  predetermined  f i r i n g   p re s su re   is  achieved,   whereupon  t h e  

guns  218  are  f i r ed   by  the  f i r i n g   head  10. 

When  it   is  des i red   to  disarm  the  f i r i n g   head  10, 

this   can  be  achieved  p r i n c i p a l l y   through  the  p rov is ion   o f  

disarming  means  r e spons ive   to  an  inc rease   in  the  p r e s s u r e  

applied  across  the  disarm  p is ton   40,  for  example,  a p p l i e d  

through  the  tub ing ,   causing  the  p i s ton   40  to  s h i f t   and 

e f f e c t i v e l y   p revent   subsequent   a c t u a t i o n   of  the  f i r i ng   head .  

With  r e fe rence   to  Figure  1A,  the  disarm  sequence  for  t h e  

p a r t i c u l a r   embodiment  of  Figures  1A  and  1B  involves  f i r s t ,  

dropping  the  disarm  plug  54  (Figure  1A)  downwardly  through  t h e  

tubing  to  seat  in  the  port   48  of  the  disarm  p is ton   40.  The 

chevron  seals  58  in  the  disarm  plug  54  form  a  f l u i d - t i g h t   s e a l  

agains t   the  walls  of  the  port   48,  so  that   tubing  pressure   may 

be  increased  to  produce  a  p ressure   d i f f e r e n t i a l   across  t h e  

disarm  p is ton  40.  When  th is   p ressure   d i f f e r e n t i a l   exceeds  a 

predetermined  amount,  the  shear  pins  50  holding  the  d i s a rm 

pis ton  immovable  with  r e spec t   to  the  disarm  sub  12,  f a i l   so 

that  the  p is ton   40  s h i f t s   inwardly  of  the  pin  end  14.  S ince  



the  disarm  sleeve  64  is  coupled  to  the  p is ton  through  t h e  

screws  70,  the  disarm  sleeve  l ikewise   s h i f t s   downwardly  away 

from  the  pin  end  14. 

Eight  por ts   230  (of  which  only  two  are  shown  in  

Figure  1A)  are  provided  through  the  disarm  sleeve  64  and  f o u r  

a d d i t i o n a l   por ts   232  are  provided  through  the  i n t e r m e d i a t e   sub 

23  communicating  the  e x t e r i o r   t he reo f   with  the  f lu id   volume  on 

the  side  of  p i s ton   122  oppos i te   the  pin  end  14.  So  long  as  

the  disarm  sleeve  64  is  in  the  p o s i t i o n   shown  in  Figure  1A, 

the  por t s   232  are  sealed  aga ins t   f lu id   communication  w i t h  

e x t e r i o r   of  the  f i r i n g   head  10  by  v i r t ue   of  two  0 - r ing   s e a l s  

234  provided  on  oppos i te   s ides  of  the  ports   232  and  s e a l i n g  

the  outer   surface   of  the  sub  23  aga ins t   the  i n t e r i o r   of  t he  

disarm  s leeve  64.  When,  however,  the  disarm  sleeve  64  ha s  

been  s h i f t e d   away  from  the  pin  end  14  through  the  motion  o f  

the  p i s ton   40,  the  por ts   230  in  the  sleeve  64  are  a l igned  w i th  

the  por t s   232  through  the  sub  23,  so  that   the  f lu id   volume  on 

the  side  of  the  p is ton   122  oppos i te   the  pin  end  14  is  t h e r e b y  

brought  into  f lu id   p ressure   communication  with  the  e x t e r i o r   o f  

the  f i r i n g   head  10.  At  the  same  time,  the  f lu id   p r e s su re   in  

the  volume  175  is  mainta ined  in  communication  with  t h e  

p res su re   on  the  e x t e r i o r   of  the  f i r i n g   head  10  through  t h e  

por ts   44  in  the  p is ton   40  and  the  s lo t s   66 

in  the  disarm  sub  12.  As  noted  above,  the  equa l i z ing   p i s t o n  

170  ma in ta ins   the  p ressure   in  the  volume  177  equal  to  that   i n  

the  volume  175.  Accordingly ,   the  p ressure   across  the  p i s t o n  



122  is  thereby  equa l i zed ,   so  that   if  the  f i r ing   head  has  n o t  

yet  f i r e d ,   it  is  then  d i sab led   from  f i r i n g .   When  the  p i s t o n  

40  s h i f t s   due  to  the  a p p l i c a t i o n   of  p ressure   to  disarm  t h e  

f i r i n g   head,  the  seal  42  on  p i s ton   40  s l i de s   past  ports  46. 

This  communicates  the  e x t e r i o r   of  the  f i r i n g   head  10  with  t h e  

i n t e r i o r   of  the  tubing.   Accord ing ly ,   when  this   happens,  a 

drop  in  tubing  p ressure   occurs  which  is  de t ec t ab l e   at  t he  

su r f ace .   I t   is  thus  p o s s i b l e   to  determine  p o s i t i v e l y   that   t h e  

f i r i n g   head  10  has  been  disarmed.   This  is  p a r t i c u l a r l y  

advantageous  in  o p e r a t i o n s ,   such  as  d r i l l   stem  t e s t i n g ,   where 

it  is  the  normal  p r a c t i c e   to  r e t r i e v e   the  tool  s t r ing   from  t h e  

well  when  the  ope ra t ion   is  completed,   since  the  p e r f o r a t i n g  

guns  may  be  brought  to  the  sur face   with  the  foreknowledge  t h a t  

the  f i r i n g   h e a d  i s   d i s a r m e d .  

The  invent ion   also  inc ludes   in  addi t ion   to  or  

separa te   from  the  invent ion  claimed,  the  fol lowing  f e a t u r e s :  

1.  An  apparatus   for  a c t u a t i n g   a  device  downhole  in  a 

borehole ,   comprising:   a  body;  a  port  for  admit t ing   f l u i d  

pressure   into  the  body;  and  means  within  the  body  in  f l u i d  

pressure   communication  with  the  port  for  a c tua t ing   the  d e v i c e  

in  response  to  (a)  a  f l u i d   pressure   level  communicated  t h r o u g h  

the  port  in  excess  of  a  f i r s t   f lu id   pressure   level  g r e a t e r  

than  the  h y d r o s t a t i c  p r e s s u r e   l eve l ,   followed  by  (b)  a  d e c r e a s e  

in  the  f lu id   pressure   level  communicated  through  the  port  from 

the  f i r s t   f lu id   pressure   level  to  a  second  f lu id   pressure   l e v e l  

l e s s ` t h a n   the  f i r s t   f lu id   pressure   l e v e l .  

2.  Apparatus  according  to  paragraph  1,  wherein  the  body 

is  adapted  to  be  coupled  to  a  tubing  s t r i ng   in  the  borehole  and 

the  port  is  pos i t ioned   on  the  body  such  that   the  port  is  in  

f lu id   pressure   communication  with  the  i n t e r i o r   of  the  t u b i n g  



s t r i n g   when  t h e   body  i s   c o u p l e d   t h e r e t o .  

3.  A p p a r a t u s   a c c o r d i n g   to   p a r a g r a p h   1  or  2,  w h e r e i n  

t h e   body  i s   a d a p t e d   to   be  c o u p l e d   to   a  p e r f o r a t i n g   g u n  
and  t h e   means   f o r   a c t u a t i n g   t h e   d e v i c e   i s   a d a p t e d   t o  

a c t u a t e   a  p e r f o r a t i n g   g u n .  
4.  A p p a r a t u s   a c c o r d i n g   to   p a r a g r a p h   1 ,2   or  3,  w h e r e i n  

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

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

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

f l u i d   p r e s s u r e   t h r o u g h   t h e   p o r t   in  e x c e s s   of  t h e   f i r s t  

f l u i d   p r e s s u r e   l e v e l ;   and  means   f o r   a c t u a t i n g   t h e   e x p l o s i v e  

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

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

t h e   p o r t .  

5.  A p p a r a t u s   a c c o r d i n g   to   p a r a g r a p h   4,  w h e r e i n   t h e  

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

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

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

means   f o r   c l o s i n g   t h e   f l u i d   p r e s s u r e   p a s s a g e w a y   in  r e s p o n s e  
to  t h e   c o m m u n i c a t i o n   t h r o u g h   t h e   p o r t   of  a  f l u i d   p r e s s u r e  
l e v e l   in  e x c e s s   of  t he   f i r s t   f l u i d   p r e s s u r e   l e v e l .  

6.  A p p a r a t u s   a c c o r d i n g   to   any  of  p a r a g r a p h s   1  to   5 ,  

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

a c t u a t i n g   means   i n o p e r a t i v e   t h r o u g h   t h e   a p p l i c a t i o n   o f  

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

7.  The  a p p a r a t u s   of  p a r a g r a p h   6,  w h e r e i n   t h e  

d i s a r m i n g   means   i s   a r r a n g e d   to   be  r e s p o n s i v e   to   an  i n c r e a s e  

in  p r e s s u r e   a p p l i e d   to   at   l e a s t   a  p o r t i o n   t h e r e o f   t o  

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

8.  A p p a r a t u s   a c c o r d i n g   to   p a r a g r a p h   1,  w h e r e i n  

t h e   body  c o m p r i s e s   a  t u b u l a r   member   h a v i n g   a  t h r e a d e d  

c o u p l i n g   at   a  f i r s t   end  t h e r e o f   a d a p t e d   to   make  a  t h r e a d e d  

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

in  t h e   t u b u l a r   member  at   t he   f i r s t   end  t h e r e o f   t o  

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

t u b u l a r   member  and  t h e   i n t e r i o r   of  t h e  



t u b i n g   s t r i n g ;   and  w h e r e i n   t he   a c t u a t i n g   m e a n s  

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

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

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

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

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

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

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

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

means   f o r   a c t u a t i n g   t h e   d e v i c e   in  r e s p o n s e   to   t h e   s t o r e d  

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

f l u i d   p r e s s u r e   l e v e l   t h r o u g h   the   p o r t .  

9.  A p p a r a t u s   a c c o r d i n g   to  p a r a g r a p h   8,  w h e r e i n  

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

c o m p r i s e s   a  p i s t o n   d i s p o s e d   in  t he   t u b u l a r   body   a n d  

e x p o s e d   at   a  f i r s t   s u r f a c e   to  f l u i d   p r e s s u r e   in  t h e   f l u i d  

p r e s s u r e   p a s s a g e w a y   and  e x p o s e d   at  a  s e c o n d ,   o p p o s e d  

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

b e i n g   o p e r a t i v e   to  s l i d e   w i t h i n   t he   t u b u l a r   body  t h u s   t o  

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



1.  An  a p p a r a t u s   (10)   f o r   a c t u a t i n g   an  e x p l o s i v e  

d e v i c e   d o w n h o l e   in  a  b o r e h o l e ,   c o m p r i s i n g :   means   ( 1 2 2 , 1 3 3 )  

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

s t i m u l u s ;   and  means   ( 4 0 , 5 4 , 6 4 , 2 3 0 , 2 3 2 )   f o r   d i s a r m i n g  

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

f l u i d   p r e s s u r e   t h e r e t o .  

2.  A p p a r a t u s   of  c l a i m   1,  w h e r e i n   t h e   a c t u a t i n g  

means   c o m p r i s e s   a  f i r i n g   d e v i c e   (86)   f o r   a  p e r f o r a t i n g  

g u n .  

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

f i r i n g   means   i s   f l u i d   p r e s s u r e   r e s p o n s i v e .  

4.  A p p a r a t u s   a c c o r d i n g   to   c l a i m   1 , 2 ,   or  3,  w h e r e i n  

t h e   d i s a r m i n g   means   c o m p r i s e s   a  p i s t o n   (40)   h a v i n g   a  

n o r m a l l y   open  p o r t   (48)   e x t e n d i n g   t h e r e t h r o u g h ,   t h e  

d i s a r m i n g   m e a n s   b e i n g   i n o p e r a t i v e   so  l o n g   as  t h e   p o r t   i s  

o p e n ,   and  a  s e a l i n g   d e v i c e   (54)   a d a p t e d   to   c l o s e   t h e  

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

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

an  a c t u a t i n g   f l u i d   p r e s s u r e   to   t h e   a c t u a t i n g   means   w h e n  

t h e   p o r t   i s   open   and  o p e r a t i v e   to   p r e v e n t   t h e   a p p l i -  

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

when  c l o s e d   by  t h e   s e a l i n g   d e v i c e .  

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

p r e s s u r e   r e s p o n s i v e   f i r i n g   means   c o m p r i s e s   a  f i r s t   p i s t o n  

(122)   r e s p o n s i v e   to  a  f o r c e   d i f f e r e n t i a l   t h e r e a c r o s s  

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

w h e r e i n   t h e   d i s a r m i n g   means   c o m p r i s e s   means   ( 4 0 , 5 4 )  

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

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

of  t h e   f i r i n g   m e a n s .  



6.  A p p a r a t u s   a c c o r d i n g   to  c l a i m   5,  w h e r e i n   t h e  

d i s a r m i n g   means   c o m p r i s e s   a  s e c o n d   p i s t o n   (64)   o p e r a t i v e  

to   open   a  f l u i d   p r e s s u r e   p o r t   in  t he   a p p a r a t u s   t h u s   t o  

e x p o s e   a t   l e a s t   a  p o r t i o n   of  t h e   f i r s t   p i s t o n   to   a n  

e q u a l i z i n g   f l u i d   p r e s s u r e .  

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

d i s a r m i n g   means   c o m p r i s e s   a  f i r s t   p i s t o n   (40)   o p e r a t i v e  

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

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

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

means   i n o p e r a t i v e   when  t h e   f i r s t   p i s t o n   s h i f t s   i n  

r e s p o n s e   to   f l u i d   p r e s s u r e .  

8.  A p p a r a t u s   a c c o r d i n g   to  c l a i m   7,  w h e r e i n   t h e  

a c t u a t i n g   means   c o m p r i s e s   a  s e c o n d   p i s t o n   ( 1 2 2 )  r e s p o n s i v e  

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

w h e r e i n   t h e   f i r s t   p i s t o n   i s   o p e r a t i v e   to   s h i f t   a  m e m b e r  

(64)   of  t h e   d i s a r m i n g   means   when  t h e   f i r s t   p i s t o n   s h i f t s  

in  r e s p o n s e   to  f l u i d   p r e s s u r e ,   such   t h a t   t h e   member   o p e n s  

a  f l u i d   p r e s s u r e   p o r t   in  t h e   a c t u a t i n g   means   to   e x p o s e  
at  l e a s t   a  p o r t i o n   of  t h e   s e c o n d   p i s t o n   to   an  e q u a l i z i n g  

f l u i d   p r e s s u r e .  

9.  A p p a r a t u s   a c c o r d i n g   to   any  p r e c e d i n g   c l a i m ,  

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

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

10.  A p p a r a t u s   a c c o r d i n g   to  any  p r e c e d i n g   c l a i m ,  

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

in  p r e s s u r e   a p p l i e d   to   at   l e a s t   a  p o r t i o n   t h e r e o f   t o  

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