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0 .  

(§)  Stabilizing  tool  for  earth  boring  drill  strings  together  with  actuator  assembly  therefor  and  method  of  using  same. 
A  downhole  stabilizing  tool  T  communicating  with  a 

fluid  conductive  drill  string  D,  said  tool  having  a  sleeve 
assembly  S  mounted  for  movement  within  a  tool  housing  H 
between  selected  positions  and  having  camming  members 
therewith  for  actuating  stabilization  pads  P  mounted  with  the 
tool  housing  for  lateral  movement  thereof  in  response  to 
movement  of  the  sleeve  assembly  between  the  selected 
positions,  pawl  members  M  mounted  with  the  tool  housing 
for  cooperating  with  the  sleeve  assembly  S  for  limiting 
movement  of  the  sleeve  assembly  to  the  selected  positions, 
and  pawl  engaging  members  E  with  the  sleeve  assembly  for 
limiting  movement  of  the  sleeve  assembly  to  the  selected 
positions.  Also  described  is  an  actuator  assembly  A  for 
actuating  the  tool  T.  The  actuator  assembly  includes  a  piston 
body  member  74  adapted  to  be  positioned  within  the 
stabilizing  tool  T  and  having  programming  members  there- 
with  for  cooperatively  engaging  compatibly  formed  engag- 
ing  surfaces  with  the  stabilizing  tool  that  are  also  spaced 
apart  a  programmed  distance  for  moving  the  stabilization 
pads  P  between  the  selected  positions.  The  disclosed 
method  includes  the  steps  of  preprogramming  the  actuator 
assembly  A  prior  to  running  the  same  into  the  fluid 
conductive  drill  string  for  selectively  engaging  the  stabilizing 
tool  T to  expand  the  stabilization  pads  P  laterally  as  desired. 





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

d r i l l i n g   t o o l   u t i l i z i n g   a  d r i l l   s t r i n g   i n , a   b o r e h o l e   a n d  

more   p a r t i c u l a r l y   to  s u c h   a  t o o l   h a v i n g   an  a c t u a t o r  

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

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

to  i n c r e a s e ,   d e c r e a s e ,   or   m a i n t a i n   t h e   a n g l e   of   s u c h  

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

b o r e h o l e .  

The  t e c h n o l o g y   d e v e l o p e d   w i t h   r e s p e c t   t o  

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

t h e   u s e   of   v a r i o u s   t e c h n i q u e s   and  t o o l s   to  c o n t r o l   t h e  

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

In  some  i n s t a n c e s ,   s u c h   t e c h n o l o g y   i s   e m p l o y e d   to  r e t a r d  

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

d i r e c t i o n a l   d e v i a t i o n   i s   d e s i r e d .   H o w e v e r ,   i n   a l m o s t  

a l l   i n s t a n c e s   i t   h a s   h e r e t o f o r e   b e e n   n e c e s s a r y   to  w i t h -  

d raw  t h e   d r i l l   s t r i n g   a s s e m b l y   f rom  t h e   b o r e h o l e   f o r  

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

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

s u c h   p a t e n t s   as  U . S .   P a t e n t   Nos.   2 , 8 9 1 , 7 6 9 ;   3 , 0 9 2 , 1 8 8 ;  

3 , 5 9 3 , 8 1 0 ;   2 , 6 8 6 , 6 6 0   and  3 , 4 2 4 , 2 5 6   e v i d e n c e   s u c h  

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

US  P a t e n t   Nos .   3 , 1 2 3 , 1 6 2 ;   3 , 1 4 5 , 7 8 5   and  3 , 8 9 4 , 5 9 0 .  

D r i l l i n g   o p e r a t i o n s ,   p a r t i c u l a r l y   i n  

p e t r o l e u m   e x p l o r a t i o n ,   a r e   commonly   c a r r i e d   o u t   a t   g r e a t  

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

b e l o w   t h e   e a r t h ' s   s u r f a c e .   S i n c e   a  d r i l l   s t r i n g   i s  

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



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

f rom  t h e   b o r e h o l e ,   t h e   r e m o v a l   of  t h e   d r i l l   s t r i n g   f r o m  

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

t h e   r e m o t e   end  of   t h e   d r i l l   s t r i n g   i s   an  e x t r e m e l y   t i m e -  

c o n s u m i n g   and  t h u s   e x p e n s i v e   o p e r a t i o n .   Such   p r o c e d u r e s  

o f t e n   e n t a i l   s e v e r a l   d a y s   of  w o r k .   T h i s   "down  t i m e "   i s  

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

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

d r i l l i n g .   The  p r o b l e m   b e c o m e s   c h r o n i c   w h e r e ,   as  i s  

f r e q u e n t l y   t h e   c a s e ,   i t   i s   n e c e s s a r y   to  c h a n g e   t h e   a n g l e  

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

"down  t i m e "   i n   e a c h   i n s t a n c e .  

I n   U n i t e d   S t a t e s   P a t e n t   3 , 9 7 4 , 8 8 6   a  d i r e c t -  

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

of  t h e   a f o r e m e n t i o n e d   g o a l s .   H o w e v e r ,   w h i l e   t h e  

d i r e c t i o n a l   d r i l l i n g   t o o l   of   t h e   ' 886   p a t e n t   d o e s   a l l o w  

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

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

a r e   moved  f r o m   r a d i a l l y   i n w a r d l y   to  r a d i a l l y   o u t w a r d l y  

p o s i t i o n s   or   i n t e r m e d i a t e   p o s i t i o n s ,   in   any   o r d e r ,  

m u l t i p l e   t i m e s   w i t h o u t   r e q u i r i n g   "down  t i m e "   i n   r e m o v i n g  

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

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

of  t h e   s t a b i l i z a t i o n   p a d s   t h e r e o f   b e t w e e n   t h e   r a d i a l l y  

o u t w a r d l y   and   r a d i a l l y   i n w a r d l y   p o s i t i o n s .   S p e c i f i c a l l y ,  

t h e  ' 8 8 6   r e f e r e n c e   d o e s   n o t   p e r m i t   m o v e m e n t   of  t h e   s t a b -  

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

p o s i t i o n   and  t h e n   a t   some  l a t e r   p o i n t   u s a g e   t h e r e p f   a t  

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

s t a b i l i z a t i o n   t o o l   to   r e p l a c e   such   s h e a r   r i n g   c o r r e s p o n d -  

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



i n c r e a s e d   "down  t i m e " .  

T h e r e f o r e ,   i t   has   l o n g   b e e n   r e c o g n i z e d   t h a t  

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

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

or   i n   any   d e s i r e d   c o m b i n a t i o n   and  c a p a b l e   of  r e m a i n i n g  

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

a t i o n s ,   b u t   s u b j e c t   to  b e i n g   a c t i v a t e d   any   n u m b e r   of  t i m e s  

to  any   e x t e n t   d e s i r e d   w i t h o u t   r e q u i r i n g   r e m o v a l   of  t h e  

d r i l l   s t r i n g   f rom  t h e   b o r e h o l e   and  w h i c h   s u b s e q u e n t l y  

c a n   be  d e a c t i v a t e d ,   r e a c t i v a t e d ,   or   r e u s e d   w i t h o u t  

r e q u i r i n g   r e m o v a l   t h e r e o f   f rom  t h e   b o r e h o l e .  

The  p r e s e n t   i n v e n t i o n   s e e k s   to  p r o v i d e   a  

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

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

same  to  p r o v i d e   an  i m p r o v e d   d i r e c t i o n a l   d r i l l i n g   t o o l   f o r  

d r i l l i n g   i n   t h e   e a r t h .  

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

i n v e n t i o n   t h e r e   i s   p r o v i d e d   a  d o w n h o l e   s t a b i l i z i n g   t o o l  

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

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

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

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

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

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

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

b e t w e e n   s e l e c t e d   p o s i t i o n s ,   s a i d   s l e e v e   a s s e m b l y   f o r m e d  

h a v i n g   camming   means   t h e r e w i t h ;   s t a b i l i z a t i o n   pad  m e a n s  

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

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

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

e n g a g i n g   means   t h e r e w i t h   f o r   e n g a g i n g   s a i d   camming   m e a n s  



of  s a i d   s l e e v e   a s s e m b l y   f o r   m o v i n g   s a i d   s t a b i l i z a t i o n   p a d  

m e a n s   r a d i a l l y   i n   r e s p o n s e   to  m o v e m e n t   of   s a i d   s l e e v e  

a s s e m b l y   b e t w e e n   s a i d   s e l e c t e d   p o s i t i o n s ;   pawl   m e a n s  

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

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

of  s a i d   s l e e v e   a s s e m b l y   to  s a i d   s e l e c t e d   p o s i t i o n s ;   a n d  

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

s a i d   pawl   means   f o r   l i m i t i n g   m o v e m e n t   of   s a i d   s l e e v e  

a s s e m b l y   to   s a i d   s e l e c t e d   p o s i t i o n s .  

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

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

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

s t a b i l i z a t i o n   p a d s   m o v a b l e   b e t w e e n   p r e s e l e c t e d   r a d i a l  

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

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

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

t o o l   to  move  t h e   s t a b i l i z a t i o n   p a d s   to   t h e   p r e s e l e c t e d  

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

a  p i s t o n   b o d y   member   a d a p t e d   to   be  p o s i t i o n e d   w i t h i n   t h e  

s t a b i l i z i n g   t o o l ;   p r o g r a m m i n g   m e a n s   w i t h   s a i d   p i s t o n  

body   member   a  s p a c e d   a p a r t   p r o g r a m m e d   d i s t a n c e   f o r   c o -  

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

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

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

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

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

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

s t a b i l i z a t i o n   p a d s   of  a  d o w n h o l e   s t a b i l i z i n g   t o o l   f o r  

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

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

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



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

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

end  and  an  a c t u a t o r   d e t e n t   of  a  s l e e v e   a s s e m b l y   of  t h e  

s t a b i l i z i n g   t o o l ;   m o u n t i n g   t h e   s t a b i l i z i n g   t o o l   w i t h   t h e  

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

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

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

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

t o o l ;   s e l e c t i v e l y   e n g a g i n g   t h e   s t a b i l i z i n g   t o o l   w i t h   t h e  

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

and  e x p a n d i n g   by  f l u i d   p r e s s u r e   a c t i o n   t h e   s t a b i l i z a t i o n  

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

a f t e r   s a i d   s e l e c t i v e l y   e n g a g i n g .  

In  o r d e r   t h a t   t h e   i n v e n t i o n   m a y  b e   b e t t e r  

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   and  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   in   w h i c h :  

F i g u r e   1  i s   an  e l e v a t i o n a l   v i e w   o f  o n e  

e m b o d i m e n t   of  a  d o w n h o l e   s t a b i l i z i n g   t o o l   of  t he   p r e s e n t  

i n v e n t i o n ;  

F i g u r e   2  i s   an  e l e v a t i o n a l ,   s e c t i o n a l   v i e w  

of  t h e   u p p e r   p o r t i o n   of  t h e   s t a b i l i z i n g   t o o l   t a k e n   a l o n g  

t h e   l i n e s   I I  -   I I   of  F i g u r e   1  and  i l l u s t r a t i n g   t h e  

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

F i g u r e   3  i s   an  e l e v a t i o n a l ,   s e c t i o n a l   v i e w  

of  t h e   s t a b i l i z i n g   t o o l   t a k e n   a l o n g   t he   l i n e s   I I I - I I I   o f  

F i g u r e   1,  s h o w i n g   the   p r o g r a m m i n g   means   and  u p p e r  s t o p  

means   of  t he   a c t u a t o r   a s s e m b l y   in   a  r e t r a c t e d   p o s i t i o n ;  

F i g u r e   4  i s   an  e l e v a t i o n a l ,   s e c t i o n a l   v i e w  

of  t h e   s t a b i l i z i n g   t o o l   t a k e n   a l o n g   the   l i n e s   I V  -   IV  o f  

F i g u r e   1  s h o w i n g   the   pawl  means   and  pawl  e n g a g i n g   m e a n s  



in   an  i n i t i a l   p o s i t i o n   w i t h   a  p o r t i o n   of  t he   s t a b i l i z a t i o n  

pad  means   i l l u s t r a t e d   in   a  r e t r a c t e d   p o s i t i o n ;  

F i g u r e   5  i s   an  e l e v a t i o n a l ,   s e c t i o n a l   v i e w  

of  t he   s t a b i l i z a t i o n   t o o l   t a k e n   a l o n g   t h e   l i n e s   V  -   V  o f  

F i g u r e   1  i l l u s t r a t i n g   t h e   s t a b i l i z a t i o n   pad  means   a n d  

camming   means   in   a  r e t r a c t e d   p o s i t i o n ;  

F i g u r e   6  i s   a  s e c t i o n a l   p l a n   v i e w   of  t h e  

s t a b i l i z a t i o n   t o o l   t a k e n  a l o n g   t h e   l i n e s   V I  -   VI  o t  

F i g u r e   3 ;  

F i g u r e   7  i s   a  s e c t i o n a l   p l a n   v i e w   of  t h e  

s t a b i l i z a t i o n   pad  means   of  t he   d o w n h o l e   s t a b i l i z i n g   t o o l  

t a k e n   a l o n g   t h e   l i n e s   V I I  -   VII   of  F i g u r e   4 ;  

F i g u r e   8  i s   a  s e c t i o n a l ,   e l e v a t i o n a l   v i e w  

of  t h e   s t a b i l i z i n g   t o o l   s i m i l a r   to  F i g u r e   2  w i t h   t h e  

u p p e r   s t e p   means   in   i t s   e x p a n d e d   p o s i t i o n ;  

F i g u r e   9  i s   an  e l e v a t i o n a l   s e c t i o n a l   v i e w  

of  t h e   s t a b i l i z i n g   t o o l ,   s i m i l a r   to  F i g u r e   3  e x c e p t  

s h o w i n g   t he   p r o g r a m m i n g   means   of  t h e   a c t u a t o r   a s s e m b l y  

f u l l y   e n g a g i n g   t he   s l e e v e   a s s e m b l y   of  t h e   s t a b i l i z i n g  

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

F i g u r e   10  i s   an  e l e v a t i o n a l ,   s e c t i o n a l  

v i e w   of  the   s t a b i l i z i n g   t o o l ,   s i m i l a r   to  F i g u r e   4,  h o w e v e r  

s h o w i n g   the   pawl   means   and  pawl   e n g a g i n g   means   p o s i t i o n e d  

f o r   l a t e r a l   m o v e m e n t   of  t he   s t a b i l i z a t i o n   pad  m e a n s ;   a n d  

F i g u r e   11  i s   a  s e c t i o n a l ,   e l e v a t i o n a l   v i e w  

of  t he   s t a b i l i z i n g   t o o l   s i m i l a r   to  F i g u r e   5,  h o w e v e r  

s h o w i n g   the   s t a b i l i z i n g   pad  means   in   an  e x p a n d e d   l a t e r a l  

p o s i t i o n .  

R e f e r r i n g   to  t he   d r a w i n g s ,   t he   l e t t e r   T 

d e s i g n a t e s   g e n e r a l l y   t he   d o w n h o l e   s t a b i l i z i n g   t o o l .   T h e  

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



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

in   a  b o r e h o l e   ( n o t   s h o w n ) .   G e n e r a l l y   s p e a k i n g ,   t h e  

d o w n h o l e   s t a b i l i z i n g   t o o l   T  i n c l u d e s   a  t o o l   h o u s i n g   H, 

a  s l e e v e   a s s e m b l y   S  m o u n t e d   f o r   m o v e m e n t   w i t h i n   t h e   t o o l  

h o u s i n g   H,  s t a b i l i z a t i o n   pad  means   P  m o u n t e d   w i t h   t h e  

t o o l   h o u s i n g   H,  pawl   means   M  m o u n t e d   w i t h   t h e   t o o l   h o u s i n g  

H  and  a d a p t e d   to  c o o p e r a t e   w i t h   t h e   s l e e v e   a s s e m b l y   S 

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

pawl   e n g a g i n g   m e a n s   E  f o r   e n g a g i n g   t h e   pawl   m e a n s   M  f o r  

l i m i t i n g   m o v e m e n t   of  t h e   s l e e v e   a s s e m b l y   S  to   s u c h  

s e l e c t e d   p o s i t i o n s .   An  a c t u a t o r   a s s e m b l y   A  i s   a d a p t e d  

to  be  p o s i t i o n e d   w i t h i n   t h e   d o w n h o l e   s t a b i l i z i n g   t o o l   T 

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

G  t h e r e o f   and  t h e   s t a b i l i z i n g   t o o l   T  f o r   a c t u a t i n g   t h e  

s t a b i l i z i n g   t o o l   T  as  d e s i r e d .   U n l e s s   o t h e r w i s e   n o t e d ,  

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

made  of  s t e e l   or   o t h e r   s u i t a b l e   h i g h   s t r e n g t h ' c o m p o n e n t s  

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

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

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

The  d o w n h o l e   s t a b i l i z i n g   t o o l   T  i n c l u d e s  

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

h o u s i n g   10  and  l o w e r   h o u s i n g   12.  The  u p p e r   h o u s i n g   1 0  

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

c o m p a t i b l y   f o r m e d   t h r e a d s   14a  f o r m e d   w i t h   t h e   l o w e r   e n d  

of  d r i l l   p i p e   14  of  t h e   f l u i d   c o n d u c t i v e   d r i l l   s t r i n g   D.  

The  u p p o r   h o u s i n g   10  f u r t h e r   i n c l u d e s   t h r e a d s   10b  f o r m e d  

a d j a c e n t   t h e   l o w e r   end  t h e r e o f   and  a d a p t e d   to   e n g a g e  

u p p e r   t h r e a d s   12a  of  l o w e r   h o u s i n g   12.  The  l o w e r   h o u s i n g  

12  i s   t h r e a d e d l y   a f f i x e d   by  l o w e r   t h r e a d s   12b  w i t h   t h r e a d s  

16a  of  d r i l l   p i p e   16  ( F i g u r e   5 ) .   The  d r i l l   p i p e   1 4  



may  be  a f f i x e d   w i t h   n u m e r o u s   d r i l l   p i p e s   ( n o t   s h o w n ) ,  

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

D  w h i l e   d r i l l   p i p e   16  may  be  a f f i x e d   w i t h   a d d i t i o n a l  

d r i l l   p i p e   or   a  c o n v e n t i o n a l   d r i l l   b i t   f o r   b o r i n g   a  b o r e -  

h o l e   w i t h i n   w h i c h   t h e   d r i l l   s t r i n g   D  is   l o c a t e d .  

P r e f e r a b l y ,   t h e   u p p e r   h o u s i n g   10  i s   f o r m e d  

h a v i n g   a  t o o l   h o u s i n g   b o r e   10c  t h e r e i n   and  a d a p t e d   t o  

r e c e i v e   t h e   a c t u a t o r   a s s e m b l y   A  as   d i s c u s s e d   more   f u l l y  

h e r e i n b e l o w .   An  a n n u l a r   l i p   10d  i s   f o r m e d   b e t w e e n   t o o l  

h o u s i n g   b o r e   10c  and  c e n t r a l   o p e n i n g   10e .   P r e f e r a b l y ,  

t h e   c e n t r a l   o p e n i n g   10e  i s   of   t h e   same  d i a m e t e r   as  t h e  

c e n t r a l   o p e n i n g s   14b,   16b  of  t h e   d r i l l   p i p e s   14,  1 6 ,  

r e s p e c t i v e l y .   S t e p   p o r t i o n s   1 0 f ,   10g,   and  10h  a r e  

f o r m e d   a d j a c e n t   and  b e t w e e n   c e n t r a l   o p e n i n g   10e  a n d  

t h r e a d s   10a   of  t h e   u p p e r   h o u s i n g   1 0 .  

The  t o o l   h o u s i n g   H  of  t h e   d o w n h o l e   s t a b i l i -  

z i n g   t o o l   T  f u r t h e r   i n c l u d e s   l o w e r   h o u s i n g   12  h a v i n g   a  

b o r e   12c  f o r m e d   a d j a c e n t   u p p e r   t h r e a d s   12a ,   a  r a d i a l   l i p  

12d  a d j a c e n t   t h e   l o w e r   p o r t i o n   of  b o r e   12c ,   and  b o r e  

12e  a d j a c e n t   r a d i a l   l i p   1 2 d .  P r e f e r a b l y ,   a  p l u r a l i t y   o f  

u p p e r   s l o t s   1 2 f .   and  l o w e r   s l o t s   12g  a r e   f o r m e d   w i t h   t h e  

l o w e r   h o u s i n g   12  a d j a c e n t   b o r e   12e  as  d e s c r i b e d   more   f u l l y  

h e r e i n b e l o w .   D e t e n t s   12h,   1 2 i   a r e   f o r m e d   a d j a c e n t   s l o t s  

1 2 f ,   12g,   r e s p e c t i v e l y .   B o r e   12e  e x t e n d s   d o w n w a r d l y  

t h r o u g h   t h e   l o w e r   h o u s i n g   12  to   l o w e r   t h r e a d s   12b .   T h u s ,  

t h e   t o o l   h o u s i n g   H  i s   a d a p t e d   to  be  c o n n e c t e d   w i t h   t h e  

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

t h e r e w i t h .  

The  d o w n h o l e   s t a b i l i z i n g   t o o l   f u r t h e r  

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

t h e   t o o l   h o u s i n g   T  b e t w e e n   s e l e c t e d   p o s i t i o n s .   T h e  



s l e e v e   a s s e m b l y   S  i n c l u d e s   s l e e v e   member   18,  s p r i n g   c a p  

20  and  p a c k i n g   r i n g s   22,  24.  The  s l e e v e   member   1 8  

i n c l u d e s   u p p e r   t h r e a d s   18a  w h i c h   a r e   a d a p t e d   to  e n g a g e  

c o m p a t i b l y   f o r m e d   t h r e a d s   20a  of  s p r i n g   cap  20.  E n d  

s u r f a c e   18b  i f   f o r m e d   a d j a c e n t   u p p e r   t h r e a d s   18a  w i t h  

c e n t r a l   b o r e   18c  e x t e n d i n g   s u b s t a n t i a l l y   t h e   e n t i r e  

l e n g t h   of  t h e   s l e e v e   member   18.  An  a c t u a t o r   d e t e n t  

18d  i s   p r e f e r a b l y   f o r m e d   a d j a c e n t   t h e   u p p e r   end  18e  o f  

t h e   s l e e v e   member   18.  P r e f e r a b l y ,   t h e   a c t u a t o r   d e t e n t  

18d  i n c l u d e s   t a p e r e d   s u r f a c e s   1 8 f ,   18g  a d j a c e n t   s u c h  

a c t u a t o r   d e t e n t   18d .   O u t e r   a n n u l a r   s u r f a c e   18h  i s   f o r m e d  

a d j a c e n t   t h e   u p p e r   end  18e  and  e x t e n d s   f rom  t h e   u p p e r   e n d  

18e  a d j a c e n t   t h r e a d s   18a  d o w n w a r d l y   to  p a c k i n g   t h r e a d s  

18 i   w h i c h   a r e   a d a p t e d   to  t h r e a d e d l y   e n g a g e   t h r e a d s   2 2 a  

of  p a c k i n g   r i n g   22.  P a c k i n g   s u r f a c e   18j  i s   f o r m e d  

a d j a c e n t   p a k i n g   t h r e a d s   18 i   and  i s   a d a p t e d   to  r e c e i v e  

p a c k i n g   m a t e r i a l   26  t h e r e o n .  

The  p a c k i n g   m a t e r i a l   26  may  be  of  a n y  

s u i t a b l e   m a t e r i a l   as  i s   d e s i r e d .   The  p a c k i n g   m a t e r i a l  

26  i s   s e c u r e d   b e t w e e n   t h e   p a c k i n g   r i n g   22  and  a n n u l a r  

l i p   18k  f o r m e d   a d j a c e n t   p a c k i n g   s u r f a c e   1 8 j .   T h e  

p a c k i n g   m a t e r i a l   26  i s   a d a p t e d   to  be  d i s p o s e d   b e t w e e n  

t h e   s l e e v e   member   18  and  b o r e   12e  of  t h e   l o w e r   h o u s i n g  

12  to  e n s u r e   a  f l u i d   t i g h t   r e l a t i o n   t h e r e b e t w e e n .   An  

a n n u l a r   t a p e r e d   camming   s u r f a c e   181  i s   f o r m e d   a d j a c e n t  

a n n u l a r   l i p   18k  and  e x t e n d s   d o w n w a r d l y   t h e r e f r o m   i n   a  

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

of  t h e   camming   means   d e s i g n a t e d   g e n e r a l l y   as  2 8 .  

A n n u l a r   t a p e r e d   camming   s u r f a c e   18m  i s   f o r m e d   a d j a c e n t  

a n n u l a r   t a p e r e d   s u r f a c e   181  w i t h   a n n u l a r   l i p   18n  a n d  

o u t e r   s u r f a c e   18o  d i s p o s e d   t h e r e b e t w e e n .   A n n u l a r   l i p  



18p  i s   f o r m e d   a d j a c e n t   t h e   l o w e r   p o r t i o n   of  o u t e r  s u r f a c e  

18o  w i t h   o u t e r   s u r f a c e   18q  f o r m e d   a d j a c e n t   t h e r e t o .   T h e  

a n n u l a r   t a p e r e d   c a m m i n g   s u r f a c e   18m  a l s o   f o r m s   a  p o r t i o n  

of  t h e   camming   m e a n s   18.   An  a n n u l a r   l i p   18r   i s   f o r m e d  

a d j a c e n t   o u t e r   s u r f a c e   18q  w i t h   p a c k i n g   s u r f a c e   18s  a n d  

t h r e a d s   18 t   f o r m e d   a d j a c e n t   t h e r e t o   a t   t h e   l o w e r   end  1 8 u  

of  t h e   s l e e v e   member   18.   P a c k i n g   m a t e r i a l   30  of  a n y  

s u i t a b l e   t y p e   i s   a d a p t e d  t o   be  m o u n t e d   a b o u t   p a c k i n g  

s u r f a c e   18s  a d j a c e n t   to   a n n u l a r   l i p   18 r   and  s e c u r e d   i n  

s u c h   p o s i t i o n   by  p a c k i n g   r i n g   24  w h i c h   h a s   t h r e a d s   2 4 a  

f o r   e n g a g i n g   t h r e a d s   1 8 t   of   t h e   s l e e v e   member   18  f o r  

s e c u r i n g   t h e   p a c k i n g   m a t e r i a l   30  i n   i t s   p r o p e r   p o s i t i o n .  

The  p a c k i n g   m a t e r i a l   30  i s   a d a p t e d   to  e n g a g e   t h e   b o r e  

12e  of   t h e   l o w e r   h o u s i n g   12  f o r   e n s u r i n g   a  f l u i d   t i g h t  

r e l a t i o n   t h e r e b e t w e e n .   A  p l u r a l i t y   of  s l o t s   18v  ( F i g u r e s  

4,  10)   a r e   f o r m e d   i n   t h e   s l e e v e   member   18  i n   s e l e c t e d  

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

m e a n s   E  d e s c r i b e d   more   f u l l y   h e r e i n b e l o w .  

The  s p r i n g   cap   20  i n c l u d e s   b o r e   20b ,   o u t s i d e  

a n n u l a r   s u r f a c e   20c  and   r a d i a l   l i p   20d  w i t h   r e c e s s   2 0 e  

f o r m e d   a d j a c e n t   to  r a d i a l   l i p   20d,   w i t h   t h e   r e c e s s   20e  o f  

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

18h  of  s l e e v e   member   18.   P r e f e r a b l y ,   t h e  o u t s i d e   a n n u l a r  

s u r f a c e   20c  of  s p r i n g   cap   20  i s   of  a  l e s s e r   d i a m e t e r  

t h a n   t h e   i n n e r   a n n u l a r   s u r f a c e   32a  of  s l e e v e   32,  and  a s  

s u c h   may  r e c i p r o c a t e   t h e r e w i t h i n .   The  s l e e v e   32  i s  

a d a p t e d   to  be  d i s p o s e d   w i t h i n   t h e   b o r e   12c  of  l o w e r   h o u s i n g  

12,  w i t h   t h e   o u t e r   a n n u l a r   s u r f a c e   32b  of  s l e e v e   32  i n  

s u b s t a n t i a l   e n g a g e m e n t   w i t h   b o r e   12c  of  l o w e r   h o u s i n g   1 2  

w i t h   t h e   u p p e r   end  s u r f a c e   32c  of  s l e e v e   32  i n   e n g a g e m e n t  

w i t h   end  s u r f a c e   10 i   of  u p p e r   h o u s i n g   10  and  w i t h   t h e  



l o w e r   end  s u r f a c e   32d  in   an  a b u t t i n g   r e l a t i o n   w i t h   t h e  

u p p e r   end  of  t h e   pawl   means   M  d e s c r i b e d   more   f u l l y  

h e r e i n b e l o w .  

The  pawl   means   M  i n c l u d e s   pawl   member   3 4  

h a v i n g   an  u p p e r   end  s u r f a c e   34a  a d j a c e n t   u p p e r   end  3 4 b  

h a v i n g   i n t e r i o r   s u r f a c e   34c  f o r m e d   a d j a c e n t   t h e r e t o ,  

t a p e r e d   s u r f a c e   34d ,   i n n e r   s u r f a c e   34e ,   t a p e r e d   s u r f a c e s  

3 4 f ,   34g,   i n n e r   s u r f a c e   34h,   t a p e r e d   s u r f a c e s   3 4 i ,   3 4 j ,  

i n n e r   s u r f a c e   34k ,   t a p e r e d   s u r f a c e s   341 ,   34m,  and  i n n e r  

s u r f a c e   34n  a d j a c e n t   end  s u r f a c e   34o  w h i c h   i s   a d a p t e d   t o  

a b u t   r a d i a l   l i p   12d  of  l o w e r   h o u s i n g   12.   I t   s h o u l d   b e  

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

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

s u r f a c e s   3 4 f ,   34g ,   or   3 4 i ,   3 4 j ,   or   341 ,   34m,  as  d i s c u s s e d  

more   f u l l y   h e r e i n b e l o w .   The  o u t e r   a n n u l a r   s u r f a c e   3 4 p  

of  t h e   pawl   member   34  i s   a d a p t e d   to   e n g a g e   b o r e   12c  o f  

l o w e r   h o u s i n g   12  much  as  o u t e r   a n n u l a r   s u r f a c e   32b  o f  

s l e e v e   32  e n g a g e s   s u c h   b o r e   1 2 c .  

T h e  p a w l   means   M  i n c l u d e s   pawl   member   3 4  

h a v i n g   an  u p p e r   end  s u r f a c e   34a  a d j a c e n t   u p p e r   end  3 4 b  

h a v i n g   i n t e r i o r   s u r f a c e   34c  f o r m e d   a d j a c e n t   t h e r e t o ,  

t a p e r e d   s u r f a c e   34d ,   i n n e r   s u r f a c e   34e ,   t a p e r e d   s u r f a c e s  

3 4 f ,   34g,   i n n e r   s u r f a c e   34h,   t a p e r e d   s u r f a c e s   3 4 i ,   3 4 j ,  

i n n e r   s u r f a c e   34k ,   t a p e r e d   s u r f a c e s   341 ,   34m,  and  i n n e r  

s u r f a c e   34n  a d j a c e n t   end  s u r f a c e   34o  w h i c h   i s   a d a p t e d   t o  

a b u t   r a d i a l   l i p   12d  of  l o w e r   h o u s i n g   12.  I t   s h o u l d   b e  

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

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

s u r f a c e s   3 4 f ,   34g ,   or   3 4 i ,   3 4 j ,   or   341,   34m,  as  d i s c u s s e d  

more   f u l l y   h e r e i n b e l o w .   The  o u t e r  a n n u l a r   s u r f a c e   3 4 p  

of  t h e   pawl   member   34  i s   a d a p t e d   to  e n g a g e   b o r e   12c  o f  



l o w e r   h o u s i n g   12  much  as  o u t e r   a n n u l a r   s u r f a c e   32b  o f  

s l e e v e   32  e n g a g e s   s u c h   b o r e   1 2 c .  

I t   s h o u l d   be  n o t e d   t h a t   t h e   s u r f a c e s   3 4 c ,  

34d,   34e  fo rm  a  f i r s t   pawl   34g ,   s u r f a c e s   3 4 f ,   34g ,   3 4 h  

fo rm  a  s e c o n d   p a w l   3 4 r ,   s u r f a c e s   3 4 i ,   3 4 j ,   34k  fo rm  t h i r d  

pawl   34s ,   and  s u r f a c e s   341,   34m,  34n  fo rm  a  f o u r t h   p a w l  

34 t   of  t h e   p a w l   member   34  as  d e s c r i b e d   more  f u l l y   h e r e i n -  

b e l o w .   P r e f e r a b l y ,   f o u r   of  s u c h   pawl   member s   34  a r e  

d i s p o s e d   c i r c u m f e r e n t i a l l y   a b o u t   t h e   b o r e   12c  of  t h e   l o w e r  

h o u s i n g   12  of  t h e   t o o l   h o u s i n g   H.  

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

10  w i t h   t h e   l o w e r   h o u s i n g   12  e n s u r e s   t h a t   t h e   end  s u r f a c e  

10 i   s e c u r e s   t h e   s l e e v e   32  i n   p o s i t i o n   w i t h i n   t h e   b o r e  

12c  of  l o w e r   h o u s i n g   12  w i t h   t h e   l o w e r   end  s u r f a c e   3 2 d  

of   s l e e v e   32  a b u t t i n g   u p p e r   end  s u r f a c e   34a  of  p a w l  

member   34  and   l o w e r   end  s u r f a c e   34o  a b u t t i n g   r a d i a l   l i p  

12d  of  t h e   l o w e r   h o u s i n g   12  f o r   s e c u r i n g   t h e   s l e e v e   32  a  

and  pawl   member   34  w i t h   t o o l   h o u s i n g   H.  A  s p r i n g   r e t a i n e r  

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

s u r f a c e   34a  of  p a w l   member   34  and   w i t h i n   t h e   i n n e r  

a n n u l a r   s u r f a c e   32a  of  s l e e v e   32  a d j a c e n t   t h e r e t o   a n d  

a d a p t e d   to  r e c e i v e   r e s i l i e n t   s l e e v e   means   d e s i g n a t e d  

g e n e r a l l y   as  38  t h e r e i n .   P r e f e r a b l y ,   t h e   r e s i l i e n t  

s l e e v e   means   38  i n c l u d e s   a  s u i t a b l e   c o i l   s p r i n g   3 8 a  

a d a p t e d   to  be  m o u n t e d   a t   t h e   l o w e r   end  t h e r e o f   w i t h   s p r i n g  

r e t a i n e r   36  and  i n   a b u t t i n g   r e l a t i o n   w i t h   r a d i a l   l i p   2 0 d  

of  s p r i n g   cap   20  a d j a c e n t   t h e   u p p e r   end  t h e r e o f .   A s  

s u c h ,   t h e   r e s i l i e n t   s l e e v e   m e a n s   38  p r v i d e s   an  u p w a r d  

u r g i n g   of  b i a s i n g   of  t h e   s p r i n g   cap   20  and  s l e e v e   m e m b e r  

18  of  t h e   s l e e v e   a s s e m b l y   S .  

The  d o w n h o l e   s t a b i l i z i n g   t o o l   T  f u r t h e r  



i n c l u d e s   pawl   e n g a g i n g   means   E  w i t h   t h e   s l e e v e   a s s e m b l y  

S  f o r   e n g a g i n g   t h e   pawl   m e a n s   M  f o r   l i m i t i n g   m o v e m e n t  

of  t h e   s l e e v e   a s s e m b l y   S  to  s e l e c t e d   p o s i t i o n s .   T h e  

pawl   e n g a g i n g   means   E  i n c l u d e s   a t   l e a s t   one  s p r i n g   d o g  

40  m o v a b l y   m o u n t e d   w i t h   t h e   s l e e v e   a s s e m b l y   S.  T h e  

s p r i n g   dog  40  ( F i g u r e s   4,  10)   i s   f o r m e d   h a v i n g   t a p e r e d  

s u r f a c e s   4 0 a ,   40b  a d j o i n i n g   a t   e d g e   4 0 c ,   l o w e r   end  s u r f a c e  

40d  a d j a c e n t   t a p e r e d   s u r f a c e   4 0 b ,   i n n e r   s u r f a c e   40e  a n d  

s l o t   4 0 f .   P i n   42  m o u n t e d   w i t h   t h e   s l e e v e   member   18  i s  

a d a p t e d   to  be  r e c e i v e d   i n   s l o t   4 0 f   to  a l l o w   p i v o t a l  

m o v e m e n t   of  t h e   s p r i n g   dog  40  a b o u t   t h e   p i n   42  w h i l e   p i n  

44  i s   m o u n t e d   w i t h   t h e   s p r i n g   dog  40  f o r   l i m i t i n g   t h e  

a m o u n t   of  r a d i a l l y   i n w a r d   p i v o t i n g   of  t h e   s p r i n g   dog  4 0  

a b o u t   t h e   p i n   42  when  t h e   p i n   44  e n g a g e s   d e t e n t   s u r f a c e  

18w  f o r m e d   w i t h   s l o t s   18b  as  d e s c r i b e d   more   f u l l y   h e r e i n -  

b e l o w .   As  shown  in   F i g u r e   10,  t h e   s p r i n g   dog  40  i s  

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

in   s o l i d   l i n e s   to  t h a t   of  a  r a d i a l l y   i n w a r d l y   p o s i t i o n   a  

shown  by  t h e   d o t t e d   l i n e s   of  d i s c u s s e d   more   f u l l y   h e r e i n -  

b e l o w .   P r e f e r a b l y ,   a  s u i t a b l e   b i a s   means   d e s i g n a t e d  

g e n e r a l l y   as  46  i n c l u d e s   l e a f   s p r i n g   46a  a f f i x e d   w i t h   t h e  

s l e e v e   member   18  by  s u i t a b l e   f a s t e n e r   48  and  a p p r o p r i a t e l y  

a f f i x e d   w i t h   t h e   t a p e r e d   s u r f a c e   40b  of  s p r i n g   dog  40  f o r  

p r o v i d i n g   a  c o n t i n u o u s   r a d i a l l y   i n w a r d l y   u r g i n g   or   b i a s i n g  

of  t he   s p r i n g   dog  40.  P r e f e r a b l y ,   t h e   n u m b e r   of  s p r i n g  

dogs   40  c o r r e s p o n d s   to  t h e   n u m b e r   of  pawl   members   4.0 

u t i l i z e d .  

The  d o w n h o l e   s t a b i l i z i n g   t o o l   T  f u r t h e r  

i n c l u d e s   s t a b i l i z a t i o n   pad  means   P  m o u n t e d   w i t h   t h e   t o o l  

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

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



d e s i r e d .   The  s t a b i l i z a t i o n   pad   m e a n s   P  i n c l u d e s   p r e s s u r e  

p l a t e s   50  w h i c h   a r e   a d a p t e d   to   be  m o u n t e d   w i t h i n   s l o t s  

1 2 f ,   12g  f o r m e d   i n   t h e   l o w e r   h o u s i n g   12.  The  p r e s s u r e  

p l a t e s   50  a r e   m o u n t e d   w i t h   t h e   l o w e r   h o u s i n g   12  f o r   s l i d -  

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

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

shown  in   F i g u r e s   4,  5  and  t h e  e x t e n d e d   p o s i t i o n s   s h o w n  

in  F i g u r e s   10,  11.  Each   p r e s s u r e   p l a t e   50  h a s   an  e x t e r i o r  

w e a r   s u r f a c e   50a  of  s u i t a b l e   d e s i g n   and  an  i n t e r n a l   c a m  

s u r f a c e   50b  f o r   e n g a g i n g   a n n u l a r   t a p e r e d   camming   s u r f a c e  

181  of  t h e   s l e e v e   member   18  w h i c h   c o m p r i s e s   a  p o r t i o n  

of   t h e   camming   means   28  ( F i g u r e s   4,  7,  1 0 ) .   S i m i l a r l y ,  

i n t e r n a l   cam  s u r f a c e   50c  e n g a g e s   a n n u l a r   t a p e r e d   c a m m i n g  

s u r f a c e   18m  of  t h e   s l e e v e   m e m b e r   18.   The  i n t e r n a l  

s u r f a c e s   50b,   50c  f o rm  t h e   cam  e n g a g i n g   m e a n s   d e s i g n a t e d  

g e n e r a l l y   as  52.  The  p r e s s u r e   p l a t e   50  i s   f o r m e d   h a v i n g  

an  u p p e r   arm  50d  w h i c h   i s   r e c e i v a b l e   w i t h i n   s l o t   12f   a n d  

a  l o w e r   arm  50e  r e c e i v a b l e   w i t h i n   s l o t   12g .   U p p e r   t a b  

50f   i s   f o r m e d   a d j a c e n t   u p p e r   arm  50d  and  l o w e r   t a b   5 0 g  

i s   f o r m e d   a d j a c e n t   l o w e r   arm  5 0 e .   I t   w i l l   be  a p p r e c i a t e d  

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

181,   18m  of   t h e   s l e e v e   m e m b e r   18  i n   c o o p e r a t i v e   e n g a g e m e n t  

w i t h   t a p e r e d   cam  s u r f a c e s   50b ,   50c  of  p r e s s u r e   p l a t e   5 0  

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

p r e s s u r e   p l a t e s   50  of  t h e   s t a b i l i z a t i o n   pad   means   P.  As 

b e s t   s e e n   in   F i g u r e   7,  t h e   p r e s s u r e   p l a t e s   50  a r e   r e c e i v e d  

w i t h i n   a  s u i t a b l e   f o r m e d   r e c e p t a c l e   12j  f o r m e d   i n   t h e  

l o w e r   h o u s i n g   12  f o r   r a d i a l l y   o u t w a r d l y   m o v e m e n t   t h e r e o f ,  

The  p r e s s u r e   p l a t e s   50  a r e   r e t a i n e d   w i t h   t h e   l o w e r  

h o u s i n g   12  by  means   of  l o c k   p l a t e s   54,  56  m o u n t e d   i n  

d e t e n t s   12h ,   1 2 i ,   r e s p e c t i v e l y   and  s e c u r e d   t h e r e w i t h   t h e  



l o w e r   h o u s i n g   by  a p p r o p r i a t e   f a s t e n e r s   58,  60,  r e s p e c t -  

i v e l y .   Tabs   54a ,   56a  of  l o c k   p l a t e s   54,  56  a c t   t o  

s e c u r e   s u i t a b l e   r e s i l i e n t   m e m b e r s   62,  64  i n c l u d i n g   s p r i n g s  

62a ,   64a  t h e r e b e t w e e n   such   t a b s   54a ,   56a  and  t a b s   5 0 f ,  

50g,   r e s p e c t i v e l y .   The  r e s i l i e n t   m e m b e r s   62,  64  m a y  

i n c l u d e   s u i t a b l e   s p r i n g s   s u c h   as  s p r i n g s   62a ,   64a  w h i c h  

a c t   to  r e s i l i e n t l y   u r g e   t h e   p r e s s u r e   p l a t e   50  of  t h e  

s t a b i l i z a t i o n   pad   m e a n s  P   i n t o   e n g a g e a b l e   c o n t a c t   w i t h  

t h e   camming  m e a n s   28.  I t   i s   p r e f e r r e d   t h a t   p l u r a l  

r e s i l i e n t   m e m b e r s   62,  64  be  p r o v i d e d   as  b e s t   s e e n   i n  

F i g u r e   1  f o r   u n i f o r m   e x p a n s i o n   and  r e s i l i e n t   u r g i n g   u p o n  

t h e   s t a b i l i z a t i o n   pad   means   P.  T h u s ,   t h e   p r e s s u r e   p l a t e s  

50  a r e   r e t a i n e d   i n   p o s i t i o n   by  t h e   l o c k   p l a t e s   54,  5 6  

and  r e s i l i e n t   m e m b e r s   62,  64  u r g i n g   t h e   p r e s s u r e   p l a t e s  

50  i n t o   e n g a g e m e n t   w i t h   t h e   c amming   means   2 8 .  

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

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

u n d e r   r e f e r e n c e   A.  The  a c t u a t o r   i s   o p e r a b l e   to  a c t u a t e  

t h e   s t a b i l i z i n g   t o o l   T  to  move  t h e   s t a b i l i z a t i o n   pad  m e a n s  

P  to  p r e s e l e c t e d   p o s i t i o n s   by  p r o g r a m m e d ,   c o o p e r a t i v e  

e n g a g e m e n t   t h e r e b e t w e e n   t h e   p r o g r a m m i n g   means   G  of  t h e  

a c t u a t o r   a s s e m b l y   A  and  c o m p a t i b l y   f o r m e d   s u r f a c e   of  t h e  

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

The  a c t u a t o r   a s s e m b l y   A  i n c l u d e s   a  w i r e l i n e   c o n n e c t o r  

66  a d a p t e d   to  be  c o n n e c t e d   to  a  s u i t a b l e   w i r e l i n e   as  6 8 ,  

a  s t o p   body   m e m b e r ,   s p a c e r   mean*;  d e s i g n a t e d   g e n e r a l l y   a s  

72,  p i s t o n   body   member   74  and  pawl   r e s i l i e n c y   m e a n s  

d e s i g n a t e d   g e n e r a l l y   as  7 6 .  

The  a c t u a t o r   a s s e m b l y   A  i n c l u d e s   w i r e l i n e  

c o n n e c t o r   66  w h i c h   i s   m o u n t e d   w i t h   w i r e l i n e   68  a d j a c e n t  

u p p e r   end  66a  t h e r e o f   and  i s   t h r e a d e d l y   c o n n e c t e d   b y  



t h r e a d s   66b  a d j a c e n t   t h e   l o w e r   end  66c  t h e r e o f   to   c o m p a t -  

i b l e   t h r e a d s   70a  f o r m e d   w i t h   s t o p   body   member   70.   T h e  

s t o p   body   member   70  i s   p r e f e r a b l y   of  a  c y l i n d r i c a l   d e s i g n  

h a v i n g   b o r e   70b  e x t e n d i n g   t h e r e t h r o u g h ,   an  o u t e r   a n n u l a r  

s u r f a c e   70c ,   a  l o w e r   end  s u r f a c e   70d  w i t h   a  d e t e n t   7 0 e  

f o r m e d   a d j a c e n t   t h e r e t o ,   and  o p e n i n g   70f   f o r m e d   a d j a c e n t  

t h e   l o w e r   end  s u r f a c e   70d  and   i s   a d a p t e d   to  t h r e a d e d l y  

r e c e i v e   s t o p   p l u g   70g  t h e r e i n .   The  s t o p   p l u g   70g  i n c l u d e s  

s t o p   t a b   70h  f o r m e d   t h e r e w i t h .   P r e f e r a b l y ,   r a d i a l   s l o t s  

s u c h   as  s l o t   7 0 i   a r e   f o r m e d   w i t h   t h e   s t o p   b o d y   m e m b e r   7 0  

and  p r e f e r a b l y   i n c l u d e   f o u r   s u c h   s l o t s   7 0 i   w h i c h   a r e   d i s -  

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

member   70.  P r e f e r a b l y ,   l o n g i t u d i n a l   o p e n i n g s   70j  a r e  

f o r m e d   a d j a c e n t   s u c h   s l o t s .   P i n s   70k  a r e   d i s p o s e d   i n  

s l o t s   70 i   f o r   m o v e m e n t   w i t h i n   t h e   l o n g i t u d i n a l   o p e n i n g  

7 0 j .   A  s p r i n g   701  u r g e s   t h e   p i n   70k  d o w n w a r d l y   and   a  

s u i t a b l y   t h r e a d e d   p l u g   70m  s e c u r e s   t h e   s p r i n g   701  a n d  

p i n   70k  w i t h   t h e   s t o p   b o d y   member   70.  Tab  66d  of  t h e  

w i r e l i n e   c o n n e c t o r   66  f u r t h e r   s e c u r e s   t h e   p l u g   70n  i n  

p o s i t i o n   when  t h e   w i r e l i n e   c o n n e c t o r   s e c u r e s   t h e   p l u g  

70n  in   p o s i t i o n   when   t h e   w i r e l i n e   c o n n e c t o r   66  i s   i n  

t h r e a d e d   e n g a g e m e n t   w i t h   t h e   s t o p   b o d y   m e m b e r   7 0 .  

U p p e r   s t o p   m e a n s   d e s i g n a t e d   g e n e r a l l y   a s  

78  i s   m o u n t e d   w i t h   t h e   s t o p   b o d y   member   70  by  m e a n s   o f  

p i v o t   p i n   70n .   The  u p p e r   s t o p   means   78  i n c l u d e s   u p p e r  

s t o p   78a  f o r m e d   h a v i n g   s u r f a c e s   78b ,   78c ,   78d ,   78e  a b o u t  

t h e   p e r i m e t e r   t h e r e o f .   The  u p p e r   s t o p   m e a n s   78  i s  

a d a p t e d   to  p i v o t   a b o u t   p i v o t   p i n   70n  b e t w e e n   a  f i r s t  

p o s i t i o n   w h e r e i n   t h e   u p p e r   s t o p   means   78  i s   in   a  r e t r a c t e d ,  

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

member   70  as  shown  in   F i g u r e   2  to  t h a t   of  a  s e c o n d  



p o s i t i o n   w h e r e i n   t h e   u p p e r   s t o p   means   78  i s   in   an  e x p a n d e d  

r a d i a l l y   o u t w a r d l y   p o s i t i o n   as   shown  in   d o t t e d   l i n e s   o n  

F i g u r e   2  or   as  i l l u s t r a t e d   i n   F i g u r c   8,  as  d i s c u s s e d  

m o r e   f u l l y   h e r e i n b e l o w .  

S p a c e r   means   72  i s   a d a p t e d   to  be  r e c e i v e d  

w i t h i n   t h e   b o r e   70b  of  t h e   s t o p   body   member   70.  M o r e  

p a r t i c u l a r l y   t he   s p a c e r   m e a n s   72  i n c l u d e s   an  u p p e r   e n d  

72a   a d a p t e d   to  be  r e c e i v e d   w i t h i n   t h e   b o r e   70b  of  s t o p  

b o d y   member   70.  The  u p p e r   end  70a  i s   f o r m e d   h a v i n g   a  

p o i n t e d   end  72b  and  c o n i c   t a p e r e d   s u r f a c e   72c  a d j a c e n t  

o u t e r   a n n u l a r   s u r f a c e   72d  of  t h e   u p p e r   end  72a   of  t h e  

s p a c e r   m e a n s   72.  A  s u i t a b l e   d e t e n t   72e  i s   f o r m e d   i n  

t h e   o u t e r   a n n u l a r   s u r f a c e   72d  w i t h   r a d i a l   l i p s   7 2 f ,   7 2 g  

f o r m e d   a d j a c e n t   t h e r e t o ,   and  an  a n n u l a r   s u r f a c e   72h  i s  

f o r m e d   a d j a c e n t   r a d i a l   l i p   72g .   P r e f e r a b l y ,   t h e   d i a -  

m e t e r   of   t h e   a n n u l a r   s u r f a c e   72h  i s   s u c h   t h a t   t h e   a n n u l a r  

s u r f a c e   72h  of  s p a c e r   means   72  i s   a d a p t e d   to  be  d i s p o s e d  

w i t h i n   t o o l   h o u s i n g   b o r e   10c  of  u p p e r   h o u s i n g   10  and  w i t h  

a p p r o p r i a t e   s e a l   means   80  d i s p o s e d   b e t w e e n   t h e   t o o l   h o u s i n g  

b o r e   10c  a d j a c e n t   r a d i a l   l i p   72g  f o r   e n s u r i n g   a  f l u i d  

t i g h t   r e l a t i o n   b e t w e e n   t h e   s p a c e r   means   72  and  u p p e r  

h o u s i n g   10  of  t he   t o o l   h o u s i n g   T  as  d e s i r e d .   The  s e a l  

m e a n s   80  may  i n c l u d e   any   t y p e   of   s u i t a b l e   s e a l   80a  t o  

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

R e s i l i e n t   u p p e r   s t o p   means   d e s i g n a t e d  

g e n e r a l l y   as  82  i s   u s e d   f o r   b i a s i n g   t h e   s t o p   b o d y   m e m b e r  

70  i n   t h e   f i r s t   p o s i t i o n   w i t h   t h e   u p p e r   s t o p   means   7 8  

b e i n g   r e t r a c t e d .   The  r e s i l i e n t   u p p e r   s t o p   m e a n s   8 2  

i n c l u d e s   a  s u i t a b l e   s p r i n g   82a  a d a p t e d   to  b e  m o u n t e d  

a d j a c e n t   and  w i t h   r a d i a l   l i p   72f   a d j a c e n t   s u r f a c e   72d  a n d  

e x t e n d i n g   t h e r e t o   d e t e n t   70e  f o r m e d   w i t h   t h e   s t o p   b o d y  



member   70.   The  s t o p   t a b   70h  of   t h e   s t o p   p l u g   70g  i s  

a d a p t e d   to   be  r e c e i v e d   w i t h i n   t h e   d e t e n t   72e  f o r m e d   i n  

t h e   s p a c e r   means   72.  R e l a t i v e   r e c i p r o c a l   m o v e m e n t  

b e t w e e n   t h e   s t o p   body   member   70  and  s p a c e r   m e a n s   72  i s  

l i m i t e d   to   t h e   e x t e n t   of  t h e   d e t e n t   72e  and  t h e   t r a v e l  

of  t h e   s t o p   t a b   70h  t h e r e i n ,   w i t h   t h e   r e s i l i e n t   u p p e r  

s t o p   m e a n s   82  b i a s i n g   t h e   s t o p   b o d y   member   70  i n   t h e   f i r s t  

p o s i t i o n   w h e r e i n   t h e   u p p e r   s t o p   means   78  i s   r e t r a c t e d .  

The  s p a c e r   m e a n s   72  f u r t h e r   i n c l u d e s   a  

l o w e r   end  7 2 i   w h i c h   h a s   t h r e a d s   72j   f o r m e d   a d j a c e n t  

t h e r e t o   and   r a d i a l   l i p   72k  a d j a c e n t   t h r e a d s   7 2 j .   T h e  

t h r e a d s   72j   of  s p a c e r   m e a n s   72  a r e   a d a p t e d   to   t h r e a d e d l y  

e n g a g e  t h r e a d s   74a  f o r m e d   w i t h   t h e   u p p e r   p o r t i o n   74b  o f  

t h e   p i s t o n   b o d y   member   74.  The  p i s t o n   b o d y   m e m b e r   7 4  

i n c l u d e s   a  c y l i n d r i c a l   s l e e v e   74c  h a v i n g   a  b o r e   7 4 d  

f o r m e d   t h e r e i n .   The  s l e e v e   74c  i n c l u d e s   end  s u r f a c e s  

74e ,   7 4 f ,   and  o u t e r   a n n u l a r   s u r f a c e   74g .   P r e f e r a b l y ,   a  

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

l o w e r   s t o p   s l o t s   74h  a r e   f o r m e d   w i t h   t h e  s l e e v e   74c  a s  

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

e x t e n d i n g   f i r s t   l a t c h   s l o t s   7 4 i ,   s e c o n d   l a t c h   s l o t s  

7 4 j ,   and  t h i r d   l a t c h   s l o t s   74k .   As  b e s t   s e e n   i n   F i g u r e  

6,  p r e f e r a b l y   s l o t s   74h,   7 4 j ,   74k  a r e   f o r m e d   as  f i r s t  

l a t c h   s l o t   74 i   and  p r e f e r a b l y   i n c l u d e   f o u r   of  s u c h   s l o t s  

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

b o d y   m e m b e r   74.  A d j a c e n t   t h e   l o w e r   p o r t i o n   741  s u i t a b l e  

t h r e a d s   74m  a r e   f o r m e d   f o r   r e c e i v i n g   pawl   r e s i l i e n c y   m e a n s  

d e s i g n a t e d   g e n e r a l l y   as  76  d i s c u s s e d   more   f u l l y   h e r e i n b e l o w . ,  

The  s l e e v e   74c  f u r t h e r   i n c l u d e s   s u i t a b l e   d e t e n t   ( n o t  

n u m b e r e d )   f o r   r e c e i v i n g   a  s n a p   r i n g   74n  t h e r e i n .  

The  l o w e r   s t o p   m e a n s   d e s i g n a t e d   g e n e r a l l y  



as  85  and  t h e   l a t c h   means   d e s i g n a t e d   g e n e r a l l y   as  88  a r e  

m o u n t e d   w i t h   t h e   p i s t o n   body   member   74.  The  l o w e r   s t o p  

m e a n s   85  i n c l u d e s   l o w e r   s t o p   86  t h a t   i s   p i v o t a l l y   m o u n t e d  

w i t h   t h e   p i s t o n   body   member   74  by  p i n   46p  to  a l l o w   m o v e -  

m e n t   t h e r e o f   b e t w e e n   an  i n i t i a l   p o s i t i o n   w h e r e i n   t h e   l o w e r  

s t o p   means   86  i s   i n   a  r a d i a l l y   i n w a r d l y   p o s i t i o n   as  s h o w n  

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

m e a n s   86  i s   i n   a  r a d i a l l y   o u t w a r d l y   p o s i t i o n   as  shown  i n  

F i g u r e   9.  The  l o w e r   s t o p   86  i n c l u d e s   s u r f a c e s   86a ,   8 6 b ,  

86c  w h i c h   a r e   p r e f e r a b l y   p a r a l l e l   w i t h   one  a n o t h e r   a n d  

i n n e r   and  o u t e r   s u r f a c e s   86d,   86e ,   r e s p e c t i v e l y .  

S i m i l a r l y ,   l a t c h   means   88  i s   m o u n t e d   w i t h   t h e   p i s t o n  

b o d y   member   74  by  means   of  p i n   7 4 r   to   a l l o w   p i v o t a l  

m o v e m e n t   of  t h e   l a t c h   means   88  f r o m   a  p r i m a r y   p o s i t i o n  

w h e r e i n   t h e   l a t c h   means   88  i s   i n   a  c o n t r a c t e d ,   r a d i a l l y  

i n w a r d l y   p o s i t i o n   as  shown  in   F i g u r e   9.  P r e f e r a b l y ,  

t h e   l a t c h   m e a n s   88  i n c l u d e s   l a t c h   dog  90  h a v i n g   s u r f a c e s  

90a ,   90b ,   9 0 c ,   90d ,   90e .   L a t c h   d o g s   s u c h   as  l a t c h   d o g  

90  a r e   a d a p t e d   to   be  d i s p o s e d   w i t h i n   e i t h e r   t h e   f i r s t  

l a t c h   s l o t s   7 4 i ,   s e c o n d   l a t c h   s l o t s   7 4 j ,   or   t h i r d   l a t c h  

s l o t s   74k  of   t h e   p i s t o n   body   member   74  m e r e l y   be  r e p o s -  

i t i o n i n g   of  p i n   74 r   w i t h i n   t h e   o p e n i n g s   74s  i n   s e c o n d  

l a t c h   s l o t   74j   and  l a t c h   means   88  o r  o p e n i n g   7 4 t   in   t h i r d  

l a t c h   s l o t s   74k  and  l a t c h   means   8 8 .  

A  p i s t o n   a s s e m b l y   92  i s   a d a p t e d   to  b e  

d i s p o s e d   w i t h i n   t h e   p i s t o n   b o d y   member   74.  The  p i s t o n  

a s s e m b l y   92  i n c l u d e s   a  l o w e r   s t o p   e n g a g i n g   s u r f a c e   9 2 a ,  

f i r s t . l a t c h   dog  e n g a g i n g   s u r f a c e   92b ,   s e c o n d   l a t c h   d o g  

e n g a g i n g   s u r f a c e   92c ,   and  t h i r d   l a t c h   dog  e n g a g i n g   s u r f a c e  

92g  i s   f o r m e d   a d j a c e n t   e n g a g i n g   s u r f a c e   92d.   A  s p r i n g  

p o r t i o n   92h  i s   f o r m e d   a b o v e  r e c e s s   92e  and  i s   a d a p t e d   t o  



r e c e i v e   b i a s   means   94  w h i c h   i n c l u d e s   s p r i n g   94a  w i t h   t h e  

p i s t o n   body   member   f o r   b i a s i n g   t h e   p i s t o n   a s s e m b l y   9 2  

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

a s s e m b l y   i s   in   t h e   p o s i t i o n   shown  in   F i g u r e   3  to   an  u p p e r  

p o s i t i o n   w h e r e i n   t h e   p i s t o n   a s s e m b l y   92  i s   i n   t h e  

p o s i t i o n   i l l u s t r a t e d   in   F i g u r e   9.  The  b i a s   m e a n s   94  i s  

a d a p t e d   to  be  p o s i t i o n e d   b e t w e e n   t h e   s n a p   r i n g   74n  o f  

t h e   p i s t o n   b o d y   member   74  and   t h e   s p r i n g   p o r t i o n   92h  o f  

t h e   p i s t o n   a s s e m b l y   92  w i t h   a  c o n s t a n t   u p w a r d   u r g i n g  

u p o n   t h e   p i s t o n   a s s e m b l y   92  by  t h e   s p r i n g   9 4 a .   As  s u c h ,  

t h e   p i s t o n   a s s e m b l y   92  i s   a d a p t e d   to  move  r e c i p r o c a l l y  

w i t h i n   t h e   b o r e   74d  of  t h e   p i s t o n   b o d y   member   7 4 .  

The  pawl   r e s i l i e n c y   means   76  i s   a d a p t e d   t o  

be  m o u n t e d   w i t h   t h e   l o w e r   p o r t i o n   741  of  t h e   p i s t o n   b o d y  

member   74.   The  pawl   r e s i l i e n c y   means   76  i n c l u d e s   m o u n t i n g  

member   76a  w h i c h   i n c l u d e s   t h r e a d s   76b  w h i c h   a r e   a d a p t e d  

to   e n g a g e  c o m p a t i b l y   f o r m e d   t h r e a d s   74m  of  t h e   p i s t o n   b o d y  

member   74  f o r   a t t a c h m e n t   t h e r e w i t h .   The  m o u n t i n g   m e m b e r  

76a   h a s   a  c e n t r a l   p o r t i o n   76c  w h i c h   i s   a d a p t e d   to   a b u t   e n d  

s u r f a c e   74e  when  i n   t h r e a d e d   e n g a g e m e n t   w i t h   t h e   p i s t o n  

b o d y   member   74.  A  t h r e a d e d   s h a f t   76d  p r e f e r a b l y   e x t e n d s  

d o w n w a r d l y   f r o m   t h e   c e n t r a l   p o r t i o n   76c  and  i s   a d a p t e d   t o  

r e c e i v e   r e s i l i e n t   m a t e r i a l   p o r t i o n   76e  t h e r e a b o u t   h a v i n g  

a  s e c u r i n g   cap   76f   a d j a c e n t   t h e   l o w e r   p o r t i o n   t h e r e o f   a n d  

i n   t h r e a d e d   e n g a g e m e n t   w i t h   t h e   t h r e a d e d   s h a f t   7 6 d .  

P r e f e r a b l y , -  t h e   r e s i l i e n t . m a t e r i a l   p o r t i o n   76e  may  b e  

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

or   t h e   l i k e   as  d i s c u s s e d   more   f u l l y   h e r e i n b e l o w   w h i l e  

t h e   s e c u r i n g   cap   76f   i s   p r e f e r a b l y   of   an  a p p r o p r i a t e   h i g h  

s t r e n g t h   m a t e r i a l .   U n t h r e a d i n g   of  t h e   s e c u r i n g   cap   7 6 f  

a l l o w s   r e m o v a l   of  t h e   r e s i l i e n t   m a t e r i a l   p o r t i o n   76e  f r o m  



t h e   t h r e a d e d   s h a f t   76d  of  t h e   pawl   r e s i l i e n c y   m e a n s   7 6 .  

Lower   s t o p   r e s i l i e n c y   means   d e s i g n a t e d  

g e n e r a l l y   as   96  i s   f o r m e d   w i t h   t h e   u p p e r   p o r t i o n   74b  o f  

t h e   p i s t o n   body   member   74  and  i n c l u d e s   a  p i n   96a   a d a p t e d  

to  be  m o v a b l y   m o u n t e d   w i t h i n   a  s u i t a b l e   o p e n i n g   74u  f o r m e d  

in   p i s t o n   b o d y   member   74,  a  s p r i n g   96b  m o u n t e d   in   t h e  

o p e n i n g   74u ,   and  a  t h r e a d e d   p l u g   96c  a d a p t e d   to  b e  

t h r e a d e d   i n t o   a  p o r t i o n   of  t h e   o p e n i n g   74u  s u c h   t h a t   t h e  

s p r i n g   96b  a c t s   a g a i n s t   p l u g   96c  to  f o r c e   p i n   96a  d o w n -  

w a r d l y   i n t o   e n g a g e m e n t   w i t h   t h e   l o w e r   s t o p   means   8 5 .  

In  t h e   u s e   or   o p e r a t i o n   of  t h e   d o w n h o l e  

s t a b i l i z i n g   t o o l   T  and  a c t u a t o r   a s s e m b l y   A  d e s c r i b e d  

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

t h e   d r i l l   s t r i n g   D.  H o w e v e r ,   p r i o r   to  s u c h   a f f i x a t i o n ,  

t he   s t a b i l i z i n g   t o o l   T  m u s t   be  p r e p r o g r a m m e d .   As  n o t e d  

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

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

t he   s t a b i l i z i n g   t o o l   T  t h a t   a r e   a  s p a c e d   a p a r t   p r o g r a m m e d  

d i s t a n c e   f o r   m o v i n g   t h e   s t a b i l i z a t i o n   pad  means   P  b e t w e e n  

c o n t r a c t e d   and  e x p a n d e d   l a t e r a l   p o s i t i o n s .   P r e p r o g r a m m i n g  

of  t h e   s t a b i l i z i n g   t o o l   T  i s   a c c o m p l i s h e d   by  e s t a b l i s h i n g  

a  s p e c i f i c   d i s t a n c e   b e t w e e n   end  s u r f a c e   18b  and  a c t u a t o r  

d e t e n t   18d  of  t h e   s l e e v e   member   18.  T h i s   d i s t a n c e   m u s t  

c o r r e s p o n d   b e t w e e n   t h e   d i s t a n c e   b e t w e e n   t h e   l a t c h   dog  9 0  

and  s u r f a c e   86c  of  l o w e r   s t o p   86  w h i c h   f o r m s   t h e   p r o g r a m m i n g  

means   G  as  i s   d i s c u s s e d   more   f u l l y   h e r e i n b e l o w .   T h e r e -  

a f t e r ,   t h e   s t a b i l i z i n g   t o o l   T  i s   m o u n t e d   w i t h   t h e   f l u i d  

c o n d u c t i v e   d r i l l   s t r i n g   D  and  l o w e r e d   i n t o   t h e   b o r e h o l e .  

M u l t i p l e   d o w n h o l e   s t a b i l i z i n g   t o o l s   T  may  be  m o u n t e d   w i t h  

t he   d r i l l   s t r i n g   D  as  i t   i s   l o w e r e d   i n t o   t h e   b o r e h o l e  

and  may  i n c l u d e   up  to  t h r e e   of  s u c h   s t a b i l i z i n g   t o o l s   T 



b e i n g   u s e d   b a s e d   u p o n   t h e   e m b o d i m e n t s   shown  in   t h e  

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

s t a b i l i z i n g   t o o l   T  and  a c t u a t o r   a s s e m b l y   A  may  be  m a d e  

to  a c c o m m o d a t e   a  g r e a t e r   n u m b e r   of  s t a b i l i z i n g   t o o l s   T 

in   one  d r i l l   s t r i n g   D  as  may  be  n e c e s s a r y .  

As  t h e   d r i l l   s t r i n g   D  i s   l o w e r e d   i n t o   t h e  

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

c e n t r a l   o p e n i n g   14b  of  t he   d r i l l   p i p e   14,   t h r o u g h   t h e  

b o r e   of  t h e   d o w n h o l e   s t a b i l i z i n g   t o o l   T  to  t h e   d r i l l  

b i t   ( n o t   s h o w n )   f o r   d r i l l i n g   o p e r a t i o n s .   When  i t   i s  

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

p r e s s u r e   i s   r e m o v e d   f rom  t h e   d r i l l   s t r i n g   D.  The  a c t u -  

a t o r   a s s e m b l y   A  i s   p r e p r o g r a m m e d   w i t h   t h e   p r o g r a m m i n g  

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

s u c h   t h a t   t h e   d i s t a n c e   b e t w e e n   s u r f a c e   86c  of  t h e   l o w e r  

s t o p   86  and   l a t c h   dog  90  c o r r e s p o n d   to   t h a t   of  t h e   p r e -  

d e t e r m i n e d   d i s t a n c e   b e t w e e n   end  s u r f a c e   18b  and  a c t u a t o r  

d e t e n t   18d  of  s l e e v e   member   18.  As  s u c h ,   t he   a c t u a t o r  

a s s e m b l y   A  i s   t h e n   l o w e r e d   i n t o   t h e   d r i l l   s t r i n g  D   b y  

means   of  w i r e   l i n e   68.  D u r i n g   t h e   l o w e r i n g   o p e r a t i o n ,  

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

98  and  i n c l u d i n g   p i n   70k,   s p r i n g   701 ,   and   p l u g   70m  a c t   t o  

k e e p   t h e   u p p e r   s t o p   means   78  i n   a  r e t r a c t e d   p o s i t i o n  

b e c a u s e   of   t h e   u r g i n g   of   p i n   70k  u p o n   a  s u r f a c e   7 8 c o f  

t h e   u p p e r   s t o p   7 8 a ,   w i t h   t h e   u p p e r   s t o p   78a  p i v o t i n g   a b o u t  

p i n   70n  to   r e m a i n   in   a  r e t r a c t e a   p o s i t i o n .   A c c o r d i n g l y ,  

t he   u p p e r   s t o p   78a  w i l l   n o t   c a t c h   or   s n a g   u p o n   a n y  

s u r f a c e   or   l i p   d u r i n g   l o w e r i n g   of   t h e   w i r e l i n e   68.  S i m i -  

l a r l y ,   t h e   l o w e r   s t o p   means   85  i s   m a i n t a i n e d   in   t h e  

i n i t i a l   p o s i t i o n   shown  in  F i g u r e   2B  by  means   of  l o w e r   s t o p  

r e s i l i e n c y   m e a n s   96.  The  l o w e r   s t o p   r e s i l i e n c y   m e a n s  



96  u r g e s   t h e   l o w e r   s t o p   means   85  i n t o   t h e   i n i t i a l  

p o s i t i o n   by  t h e   p i n   96a  a c t i n g   u p o n   s u r f a c e   86a  w i t h   t h e  

l o w e r   s t o p   86  p i v o t i n g   a b o u t   p i n   74p  to  a  r a d i a l l y   i n w a r d  

p o s i t i o n .   A c c o r d i n g l y ,   t h e   l o w e r   s t o p   means   85  w i l l  

s i m i l a r l y   n o t   s n a g   or  c a t c h   u p o n   any   l a t e r a l   s u r f a c e s .  

On  t he   o t h e r   h a n d ,   l a t c h   m e a n s   88  w h i c h   i n c l u d e s   l a t c h  

dog  90  i s   f r e e   to  move  b e t w e e n   i t s   p r i m a r y   and  s e c o n d a r y  

p o s i t i o n s   b a s e d   u p o n   any  c o n t a c t   t h a t   i t   may  h a v e   w i t h  

any  s u r f a c e   or   edge   d u r i n g   i t s   t r a v e l s   w h i l e   t h e   a c t u a t o r  

a s s e m b l y   A  i s   b e i n g   l o w e r e d   on  t h e   w i r e l i n e   6 8 .  

As  t h e   a c t u a t o r   a s s e m b l y   A  i s   l o w e r e d ,   t h e  

edge   90e  of  t h e   l a t c h   dog  90  b e t w e e n   s u r f a c e s   90c ,   9 0 d  

i s   a d a p t e d   to  r i d e   u p o n   any   i n n e r   s u r f a c e   e n c o u n t e r e d .  

As  t h e   i n n e r   s u r f a c e   e x p a n d s ,   t h e   l a t c h   dog  88  p i v o t s  

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

means   94  u p o n   p i s t o n   a s s e m b l y   92  s u c h   t h a t   t h e   p i s t o n  

a s s e m b l y   92  t e n d s   to  f o r c e   t h e   l a t c h   dog  90  o u t w a r d l y .  

As  t h e   l a t c h   dog  90  moves   o u t w a r d l y ,   t h e   p i s t o n   a s s e m b l y  

may  move  r e c i p r o c a l l y   w i t h i n   t h e   s l e e v e   a s s e m b l y   S  s u c h  

t h a t   t he   l o w e r   s t o p   e n g a g i n g   s u r f a c e   92a   comes  in   c o n t a c t  

w i t h   s u r f a c e   86b  of  t h e   l o w e r   s t o p   86  and  f a r c e s   t h e  

l o w e r   s t o p   86  o u t w r d l y   a g a i n s t   t h e   a c t i o n   of  t h e   l o w e r  

s t o p   r e s i l i e n c y   means   96.  H o w e v e r ,   f o r   any  m o v e m e n t  

of  t h e   l o w e r   s t o p   86  to  o c c u r ,   s u c h   m u s t   be  p o s i t i o n e d  

in   t h e   a r e a   w h e r e   t h e   l o w e r   s t o p   86  may  r a d i a l l y   e x p a n d .  

For   e x a m p l e ,   i f   t h e   l a t c h   dog  90  had   j u s t   b e e n   l o w e r e d  

b e l o w   end  s u r f a c e   10 i   ( F i g u r e s   3,  9)  w i t h   t he   l a t c h   d o g  

90  e x p a n d i n g   r a d i a l l y   o u t w a r d l y ,   t h e   p i s t o n   a s s e m b l y   9 2  

w o u l d   be  u r g e d   u p w a r d l y   by  t h e   b i a s   means   94  r e s u l t i n g  

in   a c t i o n   of  l o w e r   s t o p   e n g a g i n g   s u r f a c e   92a  a g a i n s t  

s u r f a c e   86b  of  t h e   l o w e r   s t o p   86.  H o w e v e r ,   t h e   s u r f a c e  



86e  of  t h e   l o w e r   s t o p   86  w o u l d   e n g a g e   t h e   b o r e   10c  o f  

t h e   u p p e r   h o u s i n g   10  and  c o n s e q u e n t l y   w o u l d   be  u n a b l e   t o  

r a d i a l l y   e x p a n d .   The  l a t c h   dog  90  i s   c o n f i g u r e d   i n   s u c h  

a  f a s h i o n   so  t h a t   i t   i s   e a s i l y   r e c e i v e d   in   and  o u t   f r o m  

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

s u r f a c e s   9 0 c ,   90d ,   90e  w h i c h   g u i d e   t h e   l a t c h   dog  90  i n  

and  o u t   of   p o t e n t i a l   h i n d r a n c e s   as   may  be  e n c o u n t e r e d  

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

When  t h e   l a t c h   dog  90  e n g a g e s   t h e   a c t u a t o r  

d e t e n t   18d  of   t h e  s l e e v e   member   18,  as   b e f o r e ,   t h e   l a t c h  

dog  90  may  move  r a d i a l l y   o u t w a r d l y   f r o m   t h e   p r i m a r y  

p o s i t i o n   to   i t s   s e c o n d a r y   p o s i t i o n   shown  i n   F i g u r e   9,  i n  

r e s p o n s e   to   u r g i n g   of   t h e   b i a s   m e a n s   94  on  p i s t o n   a s s e m b l y  

92.  As  a  c o n s e q u e n c e ,   t h e   s u r f a c e   90a   of  t h e   l a t c h   d o g  

90  e n g a g e s   f i r s t   l a t c h   dog  e n g a g i n g   s u r f a c e   92b  of   t h e  

p i s t o n   a s s e m b l y   92  w h i l e   a t   t h e   same  t i m e ,   l o w e r   s t o p  

e n g a g i n g   s u r f a c e   92a   comes  i n   f u l l   f a c e   c o n t a c t   w i t h   s u r -  

f a c e   86b  of  t h e   l o w e r   s t o p   86,  f o r c i n g   t h e   l o w e r   s t o p  

means   85  r a d i a l l y   o u t w a r d l y   f rom  i t s   i n i t i a l   p o s i t i o n  

( F i g u r e   3)  to   t h e   f i n a l   p o s i t i o n   shown  in   F i g u r e   9 ,  

a g a i n s t   t h e   a c t i o n   of  t h e   l o w e r   s t o p   r e s i l i e n c y   m e a n s   9 6 .  

As  a  c o n s e q u e n c e ,   s u r f a c e   86a  of  t h e   l o w e r   s t o p   86  c o n t a c t s  

and  a b u t s   t h e   u p p e r   s u r f a c e   of  s l o t   74h  a l l o w i n g   s u r f a c e  

86c  of  t h e   l o w e r   s t o p   86  to  come  i n t o   f u l l   f a c e   e n g a g e m e n t  

w i t h   end  s u r f a c e   18b  of  s l e e v e   member   1 8 .  

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

t h i s   p o s i t i o n ,   t h e   s e a l   means   80  comes   i n t o   e n g a g e m e n t  

w i t h   t h e   b o r e   10c  of  u p p e r   h o u s i n g   10.  W i t h   t h e   l o w e r  

s t o p   means   85  i n   e n g a g e m e n t   w i t h   end  s u r f a c e   18b  of  t h e  

s l e e v e   member   18,  r e s i s t a n c e   to  a d d i t i o n a l   l o w e r i n g  

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



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

d r i l l   s t r i n g   D  and  t h e   s t a b i l i z i n g   t o o l   T  and  a c t u a t o r  

a s s e m b l y   A. 

As  a  r e s u l t   of  t h e   s e a l a b l e   r e l a t i o n   b e t w e e n  

t h e   s p a c e r   m e a n s   72  and  u p p e r   h o u s i n g   10  by  s e a l   means   8 0 ,  

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

c o n n e c t o r   66  and  s t o p   body   member   70.  As  p r e s s u r e  

i n c r e a s e s ,   t h e   s t o p   b o d y  m e m b e r   70  i s   f o r c e d   d o w n w a r d l y  

f rom  i t s   f i r s t   p o s i t i o n   w h e r e i n   t h e   u p p e r   s t o p   m e a n s  

78  i s   in   a  r e t r a c t e d   ( F i g u r e   2)  p o s i t i o n   to  a  s e c o n d  

p o s i t i o n   w h e r e   t h e   u p p e r   s t o p   m e a n s   78  i s   in   t h e   e x p a n d e d  

p o s i t i o n   ( F i g u r e   8 ) .   As  t h e   p r e s s u r e   c o n t i n u e s   t o  

i n c r e a s e ,   t h e   s t o p   body   member   70  i s   f o r c e d   d o w n w a r d l y  

w i t h   r e s p e c t   to  t he   u p p e r   end  72a  of  t h e   s p a c e r   means   7 2  

u n t i l   t h e   u p p e r   s t o p   78a  e n g a g e s   f i r s t   t h e   p o i n t   72b  t h e n  

s u r f a c e   72c  of  t h e   s p a c e r   means   72  r e s u l t i n g   in   o u t w a r d  

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

r e s i l i e n c y   m e a n s   98.  T h u s ,   t h e   u p p e r   s t o p   m e a n s  7 8   m o v e s  

f rom  t he   p o s i t i o n   shown  in  s o l i d   l i n e s   i n   F i g u r e   2  to  t h a t  

of  t he   d o t t e d   l i n e s   as  t he   s t o p   body   member   70  m o v e s  

d o w n w a r d l y   i n   r e s p o n s e   to  i n c r e a s e d   f l u i d   p r e s s u r e .   I t  

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

o v e r c o m i n g   of  t h e   s p r i n g   82a  of  t h e   r e s i l i e n t   u p p e r   s t o p  

means   82  w i t h   t h e   s t o p   t a b   70h  l i m i t i n g   t h e   e x t e n t   t o  

w h i c h   t h e   s t o p   body   member  70  may  be  moved  d o w n w a r d l y ,  

as  d o e s   l o w e r   end  s u r f a c e   70d  when  s u c h   e n g a g e s   t h e   s e a l  

80a  f o r   c o m p r e s s i o n   t h e r e o f   to  e n s u r e   a  f l u i d   t i g h t  

r e l a t i o n   t h e r e b e t w e e n   the   s p a c e r   means   72  and  u p p e r  

h o u s i n g   10  of  t h e   t o o l   h o u s i n g   H.,  F u r t h e r ,   i n c r e a s e d  

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

85  a g a i n s t   t h e   s l e e v e   a s s e m b l y   S  s u c h   t h a t   t h e   s l e e v e  



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

r e s i l i e n t   s l e e v e   means   38.  The  f o r c i n g   d o w n w a r d l y   o f  

t h e   s l e e v e   member  18  r e s u l t s   in   d o w n w a r d   m o v e m e n t   of  t h e  

camming   means   28  w i t h  r e s p e c t   to  t he   s t a b i l i z a t i o n   p a d  

means   P.  Such  d o w n w a r d   m o v e m e n t   of  t h e   camming   s u r f a c e  

181,   18m  w i t h   r e s p e c t   to  t h e   s i m i l a r l y   f o r m e d   cam  s u r f a c e s  

50b,   50c  of  t he   p r e s s u r e   p l a t e s   50,  r e s u l t   in   r a d i a l l y  

o u t w a r d   e x p a n s i o n   of  t h e  s t a b i l i z a t i o n   pad  means   P.  As  

t h e   s l e e v e   member   18  i s   f o r c e d   d o w n w a r d l y   in   r e s p o n s e  

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

pawl   m e a n s  M   s u c h   t h a t   as  t h e   t a p e r e d   s u r f a c e   40a   of  t h e  

s p r i n g   dog  40  l o s e s   c o n t a c t   w i t h   s u r f a c e   34d  of  t h e   p a w l  

member   34  and  t he   s p r i n g   dog  40  i s   u r g e d   r a d i a l l y   i n w a r d l y  

by  r e s i l i e n t   member   46.   H o w e v e r ,   s u c h   r a d i a l   i n w a r d  

m o v e m e n t   i s   l i m i t e d   by  t h e   s p r i n g   dog  40  c o n t a c t i n g   t h e  

r e s i l i e n t   m a t e r i a l   76e  of  t h e   pawl   r e s i l i e n c y   m e a n s   7 6 ,  

As  t h e   t a p e r e d   s u r f a c e   40b  e n g a g e s   t a p e r e d   s u r f a c e   3 4 f ,  

t he   s p r i n g   dog  40  i s   f o r c e d   r a d i a l l y   i n w a r d l y   i n t o   t h e  

r e s i l i e n t   m a t e r i a l   76e  s u c h   t h a t   edge   40c  c l e a r s   t h e   p o i n t  

of  pawl   34 r   and  i s   p o s i t i o n e d   a d j a c e n t   s u r f a c e   34h,   - T h u s ,  

t h e   r e s i l i e n t   m a t e r i a l   76e  i s   of  s u f f i c i e n t   r e s i l i e n c y  

to  p r e v e n t   r a d i a l l y   i n w a r d   m o v e m e n t   of  t h e   s p r i n g   dog  4 0  

b e c a u s e   of   i t s   r e s i l i e n t   n a t u r e   y e t   w i l l   f l e x   a  s u f f i c i e n t  

a m o u n t   tc   a l l o w   t h e   t i p   40c   of  t h e   s p r i n g   dog  40  to  c l e a r  

t h e   c o r r e s p o n d i n g   t i p   of  t h e   p a w l s   s u c h   as   pawl   34r   a s  

t h e   s l e e v e   member   18  moves   d o w n w a r d l y .   As  s u c h ,   t h e  

s p r i n g   dog  40  p i v o t s   a b o u t   p i n   42  w i t h  p i n   44  l i m i t i n g  

t h e   maximum  e x t e n t   to  w h i c h   t h e   s p r i n g   dog  40  may  m o v e  

r a d i a l l y   i n w a r d l y   i n t o   t h e   r e s i l i e n t   m a t e r i a l   7 6 e .  

S i z i n g   of   t h e   s p a c e r   m e a n s   72  p e r m i t s   s e l e c t i v e   e n g a g e m e n t  

w i t h   p a w l s   3 4 r ,   34s ,   3 4 t ,   The  u p p e r   s t o p   means   78  



e n g a g e m e n t   of  s u r f a c e   78e  w i t h   a n n u l a r   l i p   10d  l i m i t s  

t h e   e x t e n t   to  w h i c h   t h e   s l e e v e   a s s e m b l y   S  may  move  d o w n -  

w a r d l y .   A c c o r d i n g l y ,   e i t h e r   t he   d i s t a n c e   b e t w e e n  

s u r f a c e s   78e  of  t h e   u p p e r   s t o p   means   78  and  86c  of  t h e  

l o w e r   s t o p   86  a n d / o r   t h e   d i s t a n c e   b e t w e e n   a n n u l a r   l i p  

10d  of  t h e   u p p e r   h o u s i n g   10  and  end  s u r f a c e   18b  of  t h e  

s l e e v e   member   i s   d e t e r m i n a t i v e   of  t he   e x t e n t   to   w h i c h  

t h e   s l e e v e   a s s e m b l y   S  m a y  m o v e   w i t h i n   t h e   s t a b i l i z i n g  

t o o l   T.  As  i s   i l l u s t r a t e d   in   t he   d r a w i n g s ,   t h i s  

d i s t a n c e   p e r m i t s   m o v e m e n t   of  t h e   s p r i n g   dog  40  b e y o n d  

pawl   34 r   i n t o   e n g a g e m e n t   w i t h   pawl   34s  b u t   p r e v e n t s  

e n g a g e m e n t   w i t h   pawl   3 4 t .   I f   t he   d i s t a n c e   b e t w e e n   t h e  

u p p e r   s t o p   means   78  and  l o w e r   s t o p   means   85  w e r e   g r e a t e r ,  

t h e n   t h e   s p r i n g   dog  40  c o u l d   move  l o w e r   i n t o   e n g a g e m e n t  

w i t h   pawl   3 4 t ,   h o w e v e r ,   s u c h   i s   n o t   t he   c a s e .   As  t h e  

s p r i n g   dog  40  c l e a r s   p a w l s   3 4 r ,   34s ,   e a c h   t i m e   t h e   s p r i n g  

dog  40  i s   f o r c e d   i n t o   t h e   r e s i l i e n t   m a t e r i a l   76e  w h i c h  

s p r i n g s   t h e   s p r i n g   dog  40  r a d i a l l y   o u t w a r d l y   a f t e r   t h e  

p o i n t   of  t he   pawl  i s   p a s s e d   a g a i n s t   t h e   a c t i o n   of  t h e  

r e s i l i e n t   member  46.   P o s i t i o n i n g   t h e   s p r i n g   dog  4 0  

a d j a c e n t   r e s p e c t i v e   p a w l s   3 4 r ,   34s ,   34 t   c o r r e s p o n d i n g l y  

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

s t a b i l i z a t i o n   pad  m e a n s   P  w i t h   r e s p e c t   to  t h e   t o o l  

h o u s i n g   H .  

When  t h e   s p r i n g   dog  40  i s   p o s i t i o n e d   a d j a c e n t  

t h e   p r o p e r   p a w l ,   s u c h   as   pawl   34s  in   F i g u r e   10,  t h e   f l u i d  

p r e s s u r e   i s   r e l e a s e d ,   c a u s i n g   the   s t o p   body   member   70  t o  

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

r e s i l i e n t   u p p e r   s t o p   m e a n s   82,  w h i c h   in   t u r n   p r e v e n t s  

e n g a g e m e n t   of  t he   u p p e r   s t o p   78a  w i t h   t h e   s u r f a c e s   7 2 c  

and  p o i n t   72b  of  t he   s p a c e r   means   72,  c a u s i n g   r e t r a c t i o n  



of  t h e   u p p e r   s t o p   m e a n s   78  f rom  i t s   r a d i a l l y   e x p a n d e d  

p o s i t i o n   to  t h e   r a d i a l l y   i n w a r d l y   p o s i t i o n .   The  u p p e r  

s t o p   r e s i l i e n c y   m e a n s   98  e n s u r e s   t h a t   t h e   u p p e r   s t o p  

means   78  i s   f u l l y   r e t r a c t e d .   F u r t h e r m o r e ,   u p w a r d   m o v e -  

ment   of  t h e   s t o p   b o d y   member   70  i s   s u f f i c i e n t   to  a l l o w  

c l e a r a n c e   of  t h e   a n n u l a r   l i p   10d  by  t h e   s u r f a c e   78e  o f  

t h e   u p p e r   s t o p   m e a n s   78  once   p r e s s u r e   on  t he   d r i l l   s t r i n g  .  

D  has   b e e n   r e m o v e d .   A t  t h i s   p o i n t ,   t h e   w i r e l i n e   68  i s  

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

a c t u a t o r   a s s e m b l y   A.  Such  u p w a r d   m o v e m e n t   r e s u l t s   i n  

a c t i o n   b e t w e e n   t a p e r e d   s u r f a c e   18f   a d j a c e n t   a c t u a t o r  

d e t e n t   18d  in   s l e e v e   member   18  w i t h   s u r f a c e   90c  of   t h e  

l a t c h   dog  90,  c a u s i n g   p i v o t a l   r o t a t i o n   a b o u t   p i n   74r   w i t h  

s u r f a c e   90a  no  l o n g e r   in   f u l l   f a c e   c o n t a c t   w i t h   f i r s t  

l a t c h   dog  e n g a g i n g   s u r f a c e   92b  w i t h   s u c h   a c t i o n   f o r c i n g  

t he   p i s t o n   a s s e m b l y   92  d o w n w a r d l y   a g a i n s t   a c t i o n   of  t h e  

b i a s   means   94  r e s u l t i n g   in   a  l a c k   of  f u l l   f a c e   e n g a g e m e n t  

b e t w e e n   s u r f a c e   86b  of  l o w e r   s t o p   m e a n s   85  and  l o w e r  

s t o p   e n g a g i n g   s u r f a c e   92a  of  p i s t o n   a s s e m b l y   92,   t h u s  

a l l o w i n g   t h e   l o w e r   s t o p   r e s i l i e n c y   means   96  to   a c t   u p o n  

t he   l o w e r   s t o p   m e a n s   85  f o r   m o v i n g   t h e   same  f rom  t h e  

f i n a l   p o s i t i o n   b a c k   to  i t s   i n i t i a l   p o s i t i o n .  

In  any   a r e a s   w h e r e   no  c o n s t r a i n i n g   b o r e  

f o r c e   e i t h e r   t h e   l a t c h   dog  90  or   l o w e r   s t o p   means   85  i n t o  

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

as  in  t he   a r e a   b e t w e e n   end  s u r f a c e   10 i   of  u p p e r   h o u s i n g  

10  and  a b o v e   s p r i n g   cap  20,  s u r f a c e   86e  w o u l d   c o n t a c t  

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

85  i n w a r d l y   to  move  t h e   p i s t o n   a s s e m b l y   92  d o w n w a r d l y  

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

85.  As  s u c h ,   t h e   a c t u a t o r   a s s e m b l y   A  may  be  r e t r a c t e d  



f rom  t h e   b o r e h o l e   w i t h   t h e   s t a b i l i z i n g   t o o l   T  b e i n g   u s e d  

as  n e c e s s a r y ,  

S h o u l d   i t   be  d e s i r e d   t h a t   t he   s t a b i l i z a t i o n  

pad  means   P  be  r e t r a c t e d   to  i t s   i n i t i a l   p o s i t i o n ,   t h e  

a c t u a t o r   a s s e m b l y   A  i s   a g a i n   a f f i x e d   to  t h e   w i r e l i n e   6 8  

f o r   l o w e r i n g   in   t h e   d r i l l   s t r i n g   D.  H o w e v e r ,   p r i o r   t o  

s u c h   a c t i o n ,   t h e   r e s i l i e n t   m a t e r i a l   76e  i s   r e m o v e d   f r o m  

t h e   pawl   r e s i l i e n c y   means   76,  h o w e v e r ,   l e a v i n g   t h e   p o s -  

i t i o n i n g   of  t h e   l o w e r   s t o p   86  and   l a t c h   dog  90  of  t h e  

p r o g r a m m i n g   means   G  and  u p p e r   s t o p   m e a n s   78  as  b e f o r e .  

As  w i t h   a b o v e ,   t h e   l a t c h   dog  90  and   l o w e r   s t o p   means   8 5  

of  t h e   p r o g r a m m i n g   means   G  a p p r o p r i a t e l y   e n g a g e   t h e  

a c t u a t o r   d e t e n t   18d  and  end  s u r f a c e   18b  of  t h e   s l e e v e  

member   18  w i t h   c o n s e q u e n t   e x p a n s i o n   of  t h e   u p p e r   s t o p  

means   78a  i n   r e s p o n s e   to  f l u i d   p r e s s u r e   i m p o s e d   on  t h e  

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

u p p e r   s t o p   means   78  i s   a l m o s t   i n   e n g a g e m e n t   w i t h   a n n u l a r  

l i p   10d  when  f u l l y   p r e s s u r i z e d .   H o w e v e r ,   f u l l   p r e s s u r i -  

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

a s s e m b l y  S   to  move  t h e   s p r i n g   dog  40  to  a  p o s i t i o n   a s  

shown  in   F i g u r e   10  s u c h   t h a t   t h e   p o i n t   40c  i s   b e y o n d   t h e  

t i p   of  pawl   ? 4 s .   As  s u c h ,   t h e   s p r i n g   dog  40  m o v e s  

r a d i a l l y   i n w a r d l y   i n   r e s p o n s e   to  r e s i l i e n t   member   46  i n -  

a s m u c h   as  t h e r e   i s   no  r e s i l i e n t   m a t e r i a l   76e  to  i m p e d e  

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

dog  40  i s   s u f f i c i e n t   to  a l l o w   c l e a r a n c e   of  t h e   t i p   4 0 c  

w i t h   t h a t   of  t h e   pawl   34s  and  pawl   3 4 r .   H o w e v e r ,   i t  

s h o u l d   be  n o t e d   t h a t   t h e   i n t e r i o r   s u r f a c e   34c  a d j a c e n t  

pawl   34q  i s   of  a  s m a l l e r   i n s i d e   d i a m e t e r . t h a n   t h e   c o r r e s -  

p o n d i n g   p a w l s   3 4 r ,   34s ,   34 t   s u c h   t h a t   t h e   t i p   40c  w i l l  

e n g a g e   s u r f a c e   34d  as  t h e   a c t u a t o r   a s s e m b l y   A  i s   d r a w n  



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

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

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

m e a n s   30a  to  s n a p   t h e   s l e e v e   a s s e m b l y   S  u p w a r d l y   u n t i l  

t h e   p o i n t   40c  e n g a g e s   s u r f a c e   34d  of  pawl   34q  f o r  

r e t r a c t i n g   t h e   s t a b i l i z a t i o n   pad  m e a n s   P  to   t h e i r  

l a t e r a l l y   i n n e r m o s t   p o s i t i o n s .   T h u s ,   t h e   d o w n h o l e  

s t a b i l i z i n g   t o o l   T  may  be  u s e d   m u l t i p l e   t i m e s   b e t w e e n  

p o s i t i o n s   w h e r e i n   t h e   s t a b i l i z a t i o n   pad   m e a n s   P  a r e  

f u l l y   e x p a n d e d   o u t w a r d l y   and  f u l l y   r e t r a c t e d   i n w a r d l y   o r  

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

d r i l l i n g   o p e r a t i o n s   may  r e q u i r e .   No  r e m o v a l   of  t h e  

d o w n h o l e   s t a b i l i z i n g   t o o l   T  i s   n e c e s s a r y   to  a c c o m p l i s h  

t h e s e   m u l t i p l e   p o s i t i o n   o p e r a t i o n s .   A l l   t h a t   i s   r e q u i r e d  

i s   t h a t   t h e   s p a c i n g   b e t w e e n   t h e   u p p e r   s t o p   means   78  a n d  

l o w e r   s t o p   m e a n s   85  to  be  s u c h   t h a t   t h e   d e s i r e d   a m o u n t  

of  m o v e m e n t   l a t e r a l l y   of  t he   s t a b i l i z a t i o n   pad   means   P  

be  a c c o m p l i s h e d .  

As  n o t e d   h e r e i n a b o v e ,   t h e   d o w n h o l e   s t a b l i -  

z i n g   t o o l   T  may  be  u s e d   w i t h   m u l t i p l e s   of  s u c h   t o o l s   T  

on  one  d r i l l   s t r i n g   D.  In  s u c h   an  i n s t a n c e ,   i t   i s  

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

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

by  p r e p r o g r a m m i n g   of   t h e   a c t u a t o r   a s s e m b l y   A  w i t h   t h e  

p r e d e t e r m i n e d   d i s t a n c e   b e t w e e n   t h e   end  s u r f a c e   18b  a n d  

a c t u a t o r   d e t e n t   18d  c o r r e s p o n d i n g   to  a  s i m i l a r   s u c h  

d i s t a n c e   b e t w e e n   t h e   l o w e r   s t o p   m e a n s   85  and  t h e   l a t c h  

m e a n s   88.  As  i s   shown  in   F i g u r e   3,  t h e   l a t c h   dog  90  i n  

a d d i t i o n   to  b e i n g   m o u n t e d   in   s l o t s   7 4 i ,   c o u l d   a l s o   b e  

m o u n t e d   in   e i t h e r   s l o t s   74j  or  s l o t s   74k .   M o u n t i n g   t h e  

l a t c h   means   88  in   s l o t s   74j  w o u l d   r e s u l t   in   a  d i s t a n c e  



b e t w e e n   t h e   l o w e r   s t o p   means   85  and  l a t c h   means   88  g r e a t e r  

t h a n   t h a t   i f   t h e   l a t c h   means   88  w e r e   m o u n t e d   i n   s l o t s   7 4 k .  

I f ,   f o r   e x a m p l e ,   t h e   l a t c h   m e a n s   88  of  F i g u r e   3  w e r e  

m o u n t e d   in   s l o t   7 4 j ,   no  a c t u a t i o n   of  t h e   d o w n h o l e   s t a b i -  

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

s u c h   t h a t   t h e   l a t c h   means   88  c o u l d   move  i n t o   t h e   a c t u a t o r  

d e t e n t   18d  w h i l e   t h e   l o w e r   s t o p   m e a n s   85  e n g a g e s   t h e   e n d  

s u r f a c e   18b  of   s l e e v e   member   18.  T h u s ,   by  p r o g r a m m i n g  

t h e   d i s t a n c e   b e t w e e n   t h e   l o w e r   s t o p   m e a n s   85  and  l a t c h  

means   88,   one  of  a  s e r i e s   of  d o w n h o l e   s t a b i l i z i n g   t o o l s  

T  may  be  s e l e c t i v e l y   e n g a g e d   as  i s   n e c e s s a r y .   As  b e f o r e ,  

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

s t o p   means   78  moves   in   r e s p o n s e   to  f l u i d   p r e s s u r e   u n t i l  

e n g a g e m e n t   w i t h   t h e   a n n u l a r   l i p   10d ,   t h e   a m o u n t   of  c o r r e s -  

p o n d i n g   v e r t i c a l   m o v e m e n t   of  t h e   s p r i n g   dog  40  i s  

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

e x p a n s i o n   of  t h e   s t a b i l i z i n g   pad  m e a n s   P.  T h u s ,   i t   i s  

p o s s i b l e   t h a t   m u l t i p l e   s t a b i l i z i n g   t o o l s   T  may  be  u s e d ,  

w i t h   a l l   h a v i n g   v a r y i n g   s e t t i n g s   of  t h e   s t a b i l i z i n g   p a d  

means   P  as  i s   n e c e s s a r y ,   w i t h   e a c h   of  s a i d   s e r i e s   o f  

s t a b i l i z i n g   t o o l s   T  a d a p t a b l e   to  b e i n g   r e t r a c t e d   t o  

p o s i t i o n s   w h e r e i n   t he   s t a b i l i z i n g   pad   means   P  a r e   a t  

t h e i r   i n n e r m o s t   p o s i t i o n s   or   a t   t h e i r   o u t e r m o s t   p o s i t i o n s  

or   any  i n t e r m e d i a t e   p o s i t i o n   b a s e d   u p o n   n e e d s   as  t h e y   a r e  

e n c o u n t e r e d .  

Thus ,   t h e   d o w n h o l e   s t a b i l i z i n g   t o o l   T  a n a  

a c t u a t o r   a s s e m b l y   A  d e s c r i b e d   a b o v e   p r o v i d e   a  new  a n d  

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

same  w h e r e i n   o n c e  t h e   d o w n h o l e   s t a b i l i z i n g   t o o l   T  i s  

m o u n t e d   w i t h   t h e   d r i l l   s t r i n g   D,  s u c h   n e e d   n o t   be  r e m o v e d  

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

e l i m i n a t i n g   s i g n i f i c a n t   down  t i m e   f o r   i n c r e a s e d   c o s t   s a v i n g s .  



1  A  d o w n h o l e   s t a b i l i z i n g   t o o l   f o r   d i r e c t i o n a l  

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

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

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

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

t o o l   h o u s i n g   f o r m e d   h a v i n g   a  t o o l   h o u s i n g ' b o r e   t h e r e i n ;  

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

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

s l e e v e   a s s e m b l y   f o r m e d   h a v i n g   c amming   m e a n s   t h e r e w i t h ;  

s t a b i l i z a t i o n   p a d   means   m o u n t e d   w i t h   s a i d   t o o l   h o u s i n g  

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

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

means   h a v i n g   cam  e n g a g i n g   m e a n s   t h e r e w i t h   f o r   e n g a g i n g  

s a i d   camming   m e a n s   of  s a i d   s l e e v e   a s s e m b l y   f o r   m o v i n g  

s a i d   s t a b i l i z a t i o n   pad  means   r a d i a l l y   i n   r e s p o n s e   t o  

m o v e m e n t   of  s a i d   s l e e v e   a s s e m b l y   b e t w e e n   s a i d   s e l e c t e d  

p o s i t i o n s ;   pawl   means   m o u n t e d   w i t h   s a i d   t o o l   h o u s i n g  

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

f o r   l i m i t i n g   m o v e m e n t   of  s a i d   s l e e v e   a s s e m b l y   to  s a i d  

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

s l e e v e   a s s e m b l y   f o r   e n g a g i n g   s a i d   pawl   m e a n s   f o r   l i m i t i n g  

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

2  A  t o o l   as  c l a i m e d   i n   c l a i m   1,  w h e r e i n   s a i d  

camming   m e a n s   of  s a i d   s l e e v e   a s s e m b l y   i n c l u d e s   a  c a m m i n g  

s u r f a c e ;   and  s a i d   cam  e n g a g i n g   m e a n s   of  s a i d   s t a b i l i z a t i o n  

pad   means   i n c l u d e s   a  cam  s u r f a c e   f o r   c o m p a t i b l y   e n g a g i n g  

s a i d   camming   s u r f a c e .  

3  A  t o o l   as  c l a i m e d   i n   e i t h e r   one  of  c l a i m s   1 

or   2  w h e r e i n   s a i d   s l e e v e   a s s e m b l y   has   an  u p p e r   end  a n d  

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



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

d i s p o s e d   b e t w e e n   s a i d   pawl   m e a n s   and  s a i d   u p p e r   end  f o r  

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

4  A  t o o l   as  c l a i m e d   i n   a n y o n e   of  c l a i m s   1 

to  3  w h e r e i n   s a i d   pawl   means   i n c l u d e s   a  p l u r a l i t y   o f  

pawl   m e m b e r s   a d a p t e d   to  be  c i r c u m f e r e n t i a l l y   d i s p o s e d   a b o u t  

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

5  A  t o o l   as  c l a i m e d   i n   a n y  o n e   of  c l a i m s  

1  to  4  f u r t h e r   i n c l u d i n g   a c t u a t o r   a s s e m b l y   a d a p t e d   to  b e  

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

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

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

p r o g r a m m i n g   means   t h e r e w i t h   f o r   c o o p e r a t i v e l y   e n g a g i n g  

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

s e l e c t e d   p o s i t i o n s .  

6  A  t o o l   as  c l a i m e d   i n   c l a i m   5  w h e r e i n   a n  

a c t u a t o r   d e t e n t   i s   f o r m e d   a d j a c e n t   s a i d   u p p e r   end  of   s a i d  

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

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

s a i d   u p p e r   end  of  s a i d   s l e e v e   a s s e m b l y ;   and  w h e r e i n  

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

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

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

end  of  s a i d   s l e e v e   member   when  s a i d   l o w e r   s t o p   m e a n s   i s  

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

and  s a i d   l a t c h   means   e n g a g e s   s a i d   a c t u a t o r   d e t e n t .  

7  A  t o o l   as  c l a i m e d   i n   c l a i m   6  w h e r e i n  

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

a d a p t e d   to  be  p o s i t i o n e d   w i t h i n   s a i d   s l e e v e   a s s e m b l y ;  

s a i d   l o w e r   s t o p   means   i n c l u d e s   a t   l e a s t   one  l o w e r   s t o p  

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



body   member ;   and  s a i d   l a t c h   m e a n s   i n c l u d e s   a t   l e a s t  

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

to   s a i d   p i s t o n   b o d y  m e m b e r .  

8  A  t o o l   as  c l a i m e d   in   c l a i m   6  w h e r e i n   s a i d  

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

to  be  p o s i t i o n e d   w i t h i n   s a i d   s l e e v e   a s s e m b l y ,   s a i d  

p i s t o n   body   member   h a v i n g   an  u p p e r   p o s i t i o n ;   s a i d   t o o l  

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

a s s e m b l y   f o r   l i m i t i n g   m o v e m e n t   of   s a i d   s l e e v e   a s s e m b l y  

to  s p e c i f i c   d i s t a n c e s   b e t w e e n   s a i d   s e l e c t e d   p o s i t i o n ;  

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

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

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

9  An  a c t u a t o r   a s s e m b l y   f o r   a c t u a t i n g   a  d o w n -  

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

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

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

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

to  a c t u a t e -   t h e   s t a b i l i z i n g   t o o l   to   move  t h e   s t a b i l i z a t i o n  

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

s a i d   a s s e m b l y   c o m p r i s i n g   a  p i s t o n   b o d y   member   a d a p t e d   t o  

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

m e a n s   w i t h   s a i d   p i s t o n   b o d y   member   a  s p a c e d   a p a r t  

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

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

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

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

p o s i t i o n s .  

10  An  a c t u a t o r   a s s e m b l y   as  c l a i m e d   i n   c l a i m   9  

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

and  l a t c h   means   m o u n t e d   w i t h   s a i d   p i s t o n   body   member ,   s a i d  



l o w e r   s t o p   means   s p a c e d   a p a r t   f r o m   s a i d   l a t c h   means   s a i d  

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

11  An  a c t u a t o r   a s s e m b l y   i f   c l a i m   10,  w h e r e i n  

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

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

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

m o v e m e n t   w i t h   s a i d   p i s t i o n   b o d y   member   and  s p a c e d   a p a r t  

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

12  An  a c t u a t o r   a s s e m b l y   as  c l a i m e d   in   c l a i m  

11,  w h e r e i n   s a i d   p i s t o n   b o d y   m e m b e r   i s   f o r m e d   h a v i n g   a  

p i s t o n   body   member   b o r e   t h e r e t h r o u g h   and  a  p i s t o n   a s s e m b l y  

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

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

13  An  a c t u a t o r   a s s e m b l y   as   c l a i m e d   i n   c l a i m   1 2 ,  

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

w i t h   s a i d   p i s t o n   body   member   b e t w e e n   a  p r i m a r y   p o s i t i o n  

w h e r e i n   s a i d   l a t c h   dog  i s   r a d i a l l y   i n w a r d l y   and  a  s e c o n d a r y  

p o s i t i o n   w h e r e i n   s a i d   l a t c h   dog  i s   r a d i a l l y   o u t w a r d l y ;  

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

p i s t o n   body   member   b e t w e e n   an  i n i t i a l   p o s i t i o n   w h e r e i n  

s a i d   l o w e r   s t o p   i s   r a d i a l l y   i n w a r d l y   and  a  f i n a l   p o s i t i i o n  

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

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

s a i d   p i s t o n   body   member   b o r e   b e t w e e n   a  l o w e r   p o s i t i o n  

when   s a i d   l a t c h   dog  i s   in   s a i d   p r i m a r y   p o s i t i o n   and  a n  

u p p e r   p o s i t i o n   when  s a i d   l a t c h   dog  i s   in   s a i d   s e c o n d a r y  

p o s i t i o n   and  s a i d   l o w e r   s t o p   i s   i n   s a i d   f i n a l   p o s i t i o n .  

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

p a d s   of  a  d o w n h o l e   s t a b i l i z i n g   t o o l   f o r   m o v i n g   t h e   s t a b i -  

l i z a t i . o n   p a d s   b e t w e e n   p r e s e l e c t e d   l a t e r a l   p o s i t i o n s   f o r  

d i r e c t i o n a l   d r i l l i n g ,   t he   d o w n h o l e   s t a b i l i z i n g   t o o l  



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

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

s e l e c t i n g   ε.  p r e d e t e r m i n e d   d i s t a n c e   b e t w e e n   an  u p p e r   e n d  

and  an  a c t u a t o r   d e t e n t   of  a  s l e e v e   a s s e m b l y   of  t h e  

s t a b i l i z i n g   t o o l ;   m o u n t i n g   t h e   s t a b i l i z i n g   t o o l   w i t h   t h e  

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

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

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

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

to  t h e   s t a b i l i z i n g   t o o l ;   s e l e c t i v e l y   e n g a g i n g   t h e  

s t a b i l i z i n g   t o o l   w i t h   t h e   a c t u a t o r   a s s e m b l y   as  a  r e s u l t  

of   s a i d   p r e p r o g r a m m i n g ;   a n d  e x p a n d i n g   by  f l u i d   p r e s s u r e  

a c t i o n   t h e   s t a b i l i z a t i o n   pad   of   t h e   s t a b i l i z i n g   t o o l  

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

15  A  m e t h o d   as  c l a i m e d   i n   c l a i m   14,  w h e r e i n  

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

l o w e r   s t o p   and   a  l a t c h   dog  w i t h   t h e   a c t u a t o r   a s s e m b l y ,  

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

f rom  t h e   l a t c h   d o g .  

16  A  m e t h o d   as   c l a i m e d   i n   e i t h e r   one  of  c l a i m s  

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

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

s t r i n g   i n t o   e n g a g e m e n t   w i t h   t h e   s t a b i l i z i n g   t o o l   a f t e r  

s a i d   s e l e c t i v e l y   e n g a g i n g   to   e f f e c t u a t e   s a i d   e x p a n d i n g .  

17  A  m e t h o d   as  c l a i m e d   i n   a n y  o n e   of  c l a i m s  

14  to  16,  f u r t h e r   i n c l u d i n g   t h e   s t e p s   o f :   w i t h d r a w i n g  

t h e   a c t u a t o r   a s s e m b l y   f rom  t h e   s t a b i l i z i n g   t o o l   and   t h e  

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

member   f rom  t h e   a c t u a t o r   a s s e m b l y ;   r e r u n n i n g   t h e   a c t u a t o r  

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

a d j a c e n t   t h e   s t a b i l i z i n g   t o o l ;   s e l e c t i v e l y   r e e n g a g i n g  



t h e   s t a b i l i z i n g   t o o l   w i t h   t h e   a c t u a t o r   a s s e m b l y   as  a  

r e s u l t   of  s a i d   p r e p r o g r a m m i n g   and  w i t h d r a w i n g   t h e   s t a b i -  

l i z a t i o n   p a d s   of  t h e   s t a b i l i z i n g   t o o l   r a d i a l l y   i n w a r d l y  

f r o m   t h e   b o r e h o l e .  

18  .A  m e t h o d   as  c l a i m e d   i n   c l a i m   17  f u r t h e r  

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

a s s e m b l y   f rom  t h e   s t a b i l i z i n g   t o o l   and  t h e   f l u i d   c o n d u c t i v e  

s p r i n g ;   r e s e c u r i n g   t h e   r e s i l i e n t   member   w i t h   t h e   a c t u a t o r  

a s s e m b l y ;   a g a i n   r e r u n n i n g   t h e   a c t u a t o r   a s s e m b l y   t h r o u g h  

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

t o o l ;   s e l e c t i v e l y   r e e n g a g i n g   t h e   s t a b i l i z i n g   t o o l   f o r  

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

s a i d   p r e p r o g r a m m i n g ;   and  r e e x p a n d i n g   t h e   s t a b i l i z a t i o n  

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

to  a  s e l e c t e d   d i s t a n c e .  
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