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©  Intermittently  rotating  drilling  tool 
©  In  an  intermittently  rotating  down-hole  drilling  tool  a 
closed  valve  (17)  is  operatively  moved  downwards  by 
pressurised  drilling  mud  pumped  down  the  drill  string  (11), 
the  valve  when  ft  attains  hs  lower  position  being  opened  and 
being  returned  under  the  influence  of  a  spring  (40)  or  other 
upward  urging  means  acting  on  the  valve  to  its  upper 
position  at  which  the  valve  is  closed,  thereby  completing  the 
cycle  of  operations.  The  valve  is  continuously  coupled  to  a 
torque  member  (71)  such  that  the  downward  movement  of 
the  valve  causes  the  torque  member  to  turn  in  one  direction, 
and  the  upward  movement  of  the  valve  causes  the  torque 
member  to  turn  in  the  opposite  direction  A  drill  bit  (103) 
mounted  on  the  lower  end  of  a  rotor  (75)  is  connected,  by 
means  of  a  one-way  clutch  (76),  to  the  torque  member  so 
that  during  the  downward  movement  of  the  valve  the  rotor 
and  drill  bit  are  rotatably  driven  by  the  torque  member  but 
are  stationary  during  the  upward  movement  of  the  valve,  the 
drill  bit  thus  being  operatively  intermittently  rotated.  During 
the  upward  movement  of  the  valve  the  pressurised  drilling 
mud  flows  through  the  open  valve  and  issues  from  the  drill 
bit  as  high  pressure  and  volume  flushing  jets  while  the  drill 
bit  is  stationary,  thereby  providing  a  more  effective  cleaning 
of  cuttings  and  chips  from  the  bottom  of  the  bore  hole  being 
formed  by  the  drill  bit.  Aligned  annular  grooves  (87,  88)  are 
provided  in  the  rotor  and  in  the  housing  in  which  the  rotor  is 
mounted,  ball  bearings  (89)  being  partially  disposed  in  each 

of  these  grooves,  thereby  to  provide  an  axial  thrust  bearing 
(86)  capable  of  transmitting  high  axial  thrust  from  the 
housing  to  the  rotor  and  hence  to  the  drill  bit.  Lipped  pockets 
(90)  are  also  provided  in  the  rotor  in  communication  with  the 
grooves  therein,  with  the  ball  bearings  being  disposed  within 
these  pockets  during  assembly  and  disassembly  of  the  rotor 
and  housing. 

•/  •  @  • 

Croydon  Printing  Company  Ltd 

I n   an  intermittently  rotating  down-hole  drilling  tool  a 
closed  valve  (17)  is  operatively  moved  downwards  by 
pressurised  drilling  mud  pumped  down  the  drill  string  (11), 
the  valve  when  it  attains  its  lower  position  being  opened  and 
being  returned  under  the  influence  of  a  spring  (40)  or  other 
upward  urging  means  acting  on  the  valve  to  its  upper 
position  at  which  the  valve  is  closed,  thereby  completing  the 
cycle  of  operations.  The  valve  is  continuously  coupled  to  a 
torque  member  (71)  such  that  the  downward  movement  of 
the  valve  causes  the  torque  member  to  turn  in  one  direction, 
and  the  upward  movement  of  the  valve  causes  the  torque 
member  to  turn  in  the  opposite  direction.  A  drill  bit  (103) 
mounted  on  the  lower  end  of  a  rotor  (75)  is  connected,  by 
means  of  a  one-way  clutch  (76).  to  the  torque  member  so 
that  during  the  downward  movement  of  the  valve  the  rotor 
and  drill  bit  are  rotatably  driven  by  the  torque  member  but 
are  stationary  during  the  upward  movement  of  the  valve  the 
drill  bit  thus  being  operatively  intermittently  rotated.  During 
the  upward  movement  of  the  valve  the  pressurised  drilling 
mud  flows  through  the  open  valve  and  issues  from  the  drill 
bit  as  high  pressure  and  volume  flushing  jets  while  the  drill 
bit  is  stationary,  thereby  providing  a  more  effective  cleaning 
of  cuttings  and  chips  from  the  bottom  of  the  bore  hole  being 
formed  by  the  drill  bit.  Aligned  annular  grooves  (87,  88)  are 
provided  in  the  rotor  and  in  the  housing  in  which  the  rotor  is 
mounted,  ball  bearings  (89)  being  partially  disposed  in  each 

of  these  grooves,  thereby  to  provide  an  axial  thrust  bearing 
(86)  capable  of  transmitting  high  axial  thrust  from  the 
housing  to  the  rotor  and  hence  to  the  drill  bit.  Lipped  pockets 
(90)  are  also  provided  in  the  rotor in  communication  with  the 
grooves therein, with  the  ball  bearings  being  disposed  within 
these  pockets  during  assembly  and  disassembly  of the  rotor 
and  housing. 





T h i s   i n v e n t i o n   in  a c c o r d a n c e   w i t h   one  a s p e c t   t h e r e o f   is  c o n -  

c e r n e d   w i t h   d r i l l i n g   t o o l s   of  t h e   t y p e   w h i c h   may  be  used   f o r  

d r i l l i n g   o i l   and  gas   w e l l s   to  a  g r e a t   d e p t h   in  t he   e a r t h ' s  

c r u s t .  

I t   i s   common  p r a c t i c e   to   p r o v i d e   such   a  d r i l l i n g   t o o l   in  w h i c h  

t h e   d r i l l   b i t   which   is  d i s p o s e d   at  t he   l o w e r   end  of  the   t o o l   i s  

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

d r i l l i n g   mud  is  pumped  t h r o u g h   the   d r i l l   s t r i n g   and  the   a s s o c i -  

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

f rom  w h i c h   the   d r i l l i n g   mud  e x i t s   in  the   fo rm  of  a  p r e s s u r i s e d  

j e t   or  j e t s ,   t h i s   j e t   or   j e t s   of  d r i l l i n g   mud  s e r v i n g   to  c l e a n  

t h e   b o t t o m   of  t he   b o r e   h o l e   b e i n g   cu t   by  t he   d r i l l   b i t   w i th   t h e  

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

u p w a r d l y   by  the   d r i l l i n g   mud  a l o n g   an  a n n u l a r   s p a c e   b e t w e e n   t h e  

d r i l l   s t r i n g   and  the   w a l l   of  t he   b o r e   h o l e   f o r m e d   by  the   d r i l l  

b i t   to  t he   s u r f a c e   at  w h i c h   the   d r i l l i n g   mud  may  be  c l e a n e d   a n d  

r e u s e d .  

As  w i l l   be  a p p r e c i a t e d ,   t he   t o r q u e   r e q u i r e d   to  r o t a t e   t he   l o n g  

d r i l l   s t r i n g   is   v e r y   c o n s i d e r a b l e   in  v i ew  of  t h e   w e i g h t   of  t h e  

d r i l l   c o l l a r s   d i s p o s e d   a b o v e   the   d r i l l   b i t   a n d ,   more   p a r t i c -  

u l a r l y ,   in  v iew  of  t he   f r i c t i o n a l   r e s i s t a n c e   w h i c h   r e q u i r e s   t o  

be  o v e r c o m e ,   the   d r i l l   s t r i n g   in  v i e w   of  i t s   v e r y   c o n s i d e r a b l e  

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

r e s i s t a n c e   is  t h e r e b y   i n c r e a s e d .   With   the   v i e w   to  e l i m i n a t i n g  

or  a t   l e a s t   m i n i m i z i n g   t h e s e   d i s a d v a n t a g e s   i t   has   h i t h e r t o   b e e n  

known  to  p r o v i d e   a  down  h o l e   m o t o r   f o r   o p e r a t i v e l y   d r i v i n g   t h e  

d r i l l   b i t   and  wh ich   is  d i s p o s e d   a t   t he   l o w e r   end  p o r t i o n   of  t h e  

d r i l l   s t r i n g   and  above   t h e   d r i l l   b i t ,   or  to  p r o v i d e   a  hammer  o r  

p e r c u s s i v e   m o t o r   by  wh ich   a  hammer  or  p e r c u s s i v e   e f f e c t   i s  

o p e r a t i v e l y   a p p l i e d   to  t he   d r i l l   b i t .  



A  n u m b e r   of   d e s i g n s   of   s u c h   down  h o l e   m o t o r   and  p e r c u s s i v e   o r  

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

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

m o t o r   b e i n g   t h a t   m a r k e t e d   u n d e r   t h e   t r a d e m a r k   D y n a d r i l l ,   b u t  

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

e x a m p l e ,   t h e   r e l a t i v e l y   low  t o r q u e   a v a i l a b l e   f r o m   t h e   m o t o r  

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

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

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

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

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

a c c e p t a b l e .  

In   a l t e r n a t i v e   d e s i g n s   of   down  h o l e   m o t o r s   t h e   m o t o r s   a r e  

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

w h i c h   a r e   known  as  t u r b o d r i l l s   r e q u i r e   t h a t   a t   t h e   s u r f a c e   t h e  

f l u i d   f o r   o p e r a t i o n   of   t h e   t u r b i n e s   be  a t   an  e x t r e m e l y   h i g h  

p r e s s u r e   and   h i g h   v o l u m e   f l u i d   f l o w s   a r e   r e q u i r e d .   F u r t h e r -  

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

m a i n t a i n ,   and  s i n c e   low  t o r q u e   b u t   h i g h   r o t a t i o n a l   s p e e d   a r e  

c h a r a c t e r i s t i c s   of   t h e s e   t u r b o d r i l l s   t h e   u s e   of   s u c h   down  h o l e  

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

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

o p e r a t i v e l y   d r i v e   c o r e   r o c k   b i t s .  

In   a l l   t h e   a b o v e - d e s c r i b e d   p r i o r   f o r m s   of  down  h o l e   m o t o r s   t h e  

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

t h e s e   down  h o l e   m o t o r s ,   and   a l s o   in   p e r c u s s i v e   or   h a m m e r  

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

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

s u b s t a n t i a l   a s s o c i a t e d   f r i c t i o n a l   f o r c e s   and  t h e r e   i s   an  i n -  

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

i n g   f rom  t h e   d r i l l   b i t s   b e c a u s e   of   t h e   work   r e q u i r e d   to   b e  

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

i n   a c t u a t i n g   t h e   p e r c u s s i v e   or   hammer   m o t o r s .   The  c l e a n i n g  

a c t i o n   of   t h e   j e t   o r   j e t s   on  t h e   b o t t o m   of   t h e   b o r e   h o l e  



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

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

b i t   i m p e d e s   t h e   d r i l l i n g   mud  j e t   or  j e t s   f rom  t h e   d r i l l   b i t   s o  

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

and  e n e r g y   of  t h e   d r i l l i n g   mud  j e t   or  j e t s   and  h e n c e   w i t h   a  

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

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

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

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

t e n d   to   r e m a i n   on  t h e   b o t t o m   of   t h e   b o r e   h o l e   and  a c t   as  a  

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

c a n t l y   r e d u c i n g   t h e   r a t e   of  d r i l l i n g .  

In  t h e   h i t h e r t o   known  f o r m s   of  p e r c u s s i v e   or  hammer   d e v i c e s  

t h e   member   w h i c h   p r o v i d e s   t h e   p e r c u s s i v e   or  hammer   e f f e c t   i s  

s p a c e d   f r o m   t h e   d r i l l   b i t ,   or  f rom  a  member   on  w h i c h   t h e   d r i l l  

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

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

u s e   s u c h   p e r c u s s i v e   or  hammer   d e v i c e s   can   r e s u l t   in   b r e a k a g e  

of  t h e   d r i l l   b i t   or  o t h e r   d a m a g e   to   t h e   d e v i c e .  

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

a x i a l   t h r u s t   b e a r i n g s   w h i c h   may  be  u s e d   in   down  h o l e   d r i l l i n g  

t o o l s   in  a c c o r d a n c e   w i t h   s a i d   one  a s p e c t   of  t h e   p r e s e n t   i n -  

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

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

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

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

Summary  of  t h e   I n v e n t i o n  

I t   i s   a  p r i m a r y   o b j e c t   of  s a i d   one   a s p e c t   of  t h e   p r e s e n t  

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

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

h i t h e r t o   known  f o r m s   of  down  h o l e   m o t o r s   and  p e r c u s s i v e   o r  
hammer  d e v i c e s   a r e   s u b s t a n t i a l l y   o b v i a t e d   or  m i t i g a t e d ,   s i n c e  



t h e   a b o v e - m e n t i o n e d   t u r b u l e n c e   in   t h e   d r i l l i n g   mud  j e t   or  j e t s  

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

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

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

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

r i s k   of  b r e a k a g e   of   t h e   d r i l l   b i t   or   o t h e r   d a m a g e   to   t h e   t o o l .  

A  down  h o l e   d r i l l i n g   t o o l   in   a c c o r d a n c e   w i t h   t h i s   one   a s p e c t  

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

h a v i n g   a  l o n g i t u d i n a l   a x i s   and  h a v i n g   an  u p p e r   end  and  a  l o w e r  

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

h o u s i n g   f o r   a x i a l   m o v e m e n t   b e t w e e n   an  u p p e r   p o s i t i o n   and  a  

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

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

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

w h i c h   t h e   v a l v e   s u b s t a n t i a l l y   p r e v e n t s   d o w n w a r d   f l o w   of   p r e s -  
s u r i s e d   f l u i d   t h r o u g h   t h e   h o u s i n g   and   an  open   c o n d i t i o n   of  t h e  

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

t h r o u g h   t h e   v a l v e ,   t h e   v a l v e   b e i n g   u p w a r d l y   u r g e d .   The  v a l v e  

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

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

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

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

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

t h e   v a l v e   a t t a i n s   i t s   l o w e r   p o s i t i o n .   On  o p e r a t i v e   u p w a r d  

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

of   t h e   v a l v e   and  d u r i n g   w h i c h   t h e   v a l v e   i s   i n ' i t s   open   c o n d i -  

t i o n   t h e   v a l v e   a c t u a t i o n   m e a n s   c a u s e s   a c t u a t i o n   of  t h e   v a l v e  

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

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

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

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

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

o p e r a t i v e   r o t a t i o n   of   t h e   t o r q u e   member   in  one   d i r e c t i o n  

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

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



i s   r o t a t a b l y   m o u n t e d   on  and  p r o j e c t s   d o w n w a r d l y   f rom  t h e  

l o w e r   end  of  t h e   h o u s i n g ,   and  a  o n e - w a y   c l u t c h   i n t e r c o n n e c t s  

t h e   t o r q u e   member  and  t h e   d r i l l   member  and  t h e   d r i l l   b i t   f o r  

d r i v i n g l y   c o u p l i n g   t h e   t o r q u e   member   to   t h e   d r i l l   b i t   o n l y  

d u r i n g   o p e r a t i v e   r o t a t i o n   of  t h e   t o r q u e   member   in   s a i d   o n e  

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

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

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

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

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

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

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

w h i c h   t h e   v a l v e   is   in   i t s   o p e n   c o n d i t i o n   and  t h e   d r i l l   b i t   i s  

n o n - r o t a t i n g .  

I t   i s   a  p r i m a r y   o b j e c t   of  s a i d   f u r t h e r   a s p e c t   of  t h e   p r e s e n t  
i n v e n t i o n   to  p r o v i d e   an  a x i a l   t h r u s t   b e a r i n g   w h i c h   i s   o f  

s i m p l e   fo rm  and  may  be  e a s i l y   and  i n e x p e n s i v e l y   m a n u f a c t u r e d  

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

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

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

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

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

i n n e r   f a c e   of  s a i d   t u b u l a r   m e m b e r .   At  l e a s t   one  a n n u l a r   ; 
g r o o v e   i s   p r o v i d e d   in  t h e   i n n e r   f a c e   of  s a i d   t u b u l a r   m e m b e r ,   ; 

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

s a i d   c y l i n d r i c a l   member   in   a l i g n m e n t   w i t h   s a i d   g r o o v e   in   s a i d  

t u b u l a r   member .   S a i d   a l i g n e d   g r o o v e s   t o g e t h e r   c o n s t i t u t e   a  

b a l l   b e a r i n g   t r a c k ,   and  a  p l u r a l i t y   of  f r e e l y   m o v a b l e   b a l l  

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

e a c h   of   s a i d   g r o o v e s   w h e r e b y   a x i a l   t h r u s t   on  one  of  s a i d  

m e m b e r s   may  be  t r a n s m i t t e d   t h r o u g h   t h e   b a l l   b e a r i n g s   to   t h e  

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

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

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

d u r i n g   a s s e m b l y   and  d i s a s s e m b l y   of  s a i d   m e m b e r s .  



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

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

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

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

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

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

w i t h   a  r e s p e c t i v e   one   of   t h e   b a l l   b e a r i n g   t r a c k s .   The  m e t h o d  

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

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

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

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

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

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

of  s a i d   m e m b e r s ,   and  i n v e r t i n g   s a i d   m e m b e r s   and  f u r t h e r   r e l a -  

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

s a i d   m e m b e r s ,   w i t h   t h e   p l u r a l i t y   of   b a l l   b e a r i n g s   b e i n g   t r a n s -  

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

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

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

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

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

s a i d   a t   l e a s t   one   u n h a r d e n e d   member   i s   h a r d e n e d ,   and  s a i d  

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

B r i e f   D e s c r i p t i o n   of   t h e  D r a w i n g s  

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

more   r e a d i l y   c a r r i e d   i n t o   e f f e c t   t h e   same  w i l l   now,  by  way  o f  

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

a c c o m p a n y i n g   d r a w i n g s   in   w h i c h :  

F i g .   1  i s   a  v i e w   o f   w e l l   d r i l l i n g   t o o l   a c c o r d i n g   to   a  p r e -  
f e r r e d   e m b o d i m e n t   of   s a i d   one  a s p e c t   of   t h e   p r e s e n t   i n v e n t i o n ,  

and  i n c o r p o r a t i n g   an  a x i a l   t h r u s t   b e a r i n g   a c c o r d i n g   to   a  p r e -  
f e r r e d   e m b o d i m e n t   of   s a i d   f u r t h e r   a s p e c t   of  t h e   i n v e n t i o n ;  

F i g s .   2,  3,  4,  5  and   6  t o g e t h e r   show  on  an  e n l a r g e d   s c a l e   t h e  



w e l l   d r i l l i n g   t o o l   of   F i g .   1,  and  t h e   a x i a l   t h r u s t   b e a r i n g  

i n c o r p o r a t e d   t h e r e i n ,   in  l o n g i t u d i n a l   a x i a l   s e c t i o n   on  o n e  

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

of  F i g .   3  b e i n g   a  c o n t i n u a t i o n   f rom  t h e   r i g h t - h a n d   end  o f  

F i g .   2,  t h e   l e f t - h a n d   end  of  F i g .   4  b e i n g   a  c o n t i n u a t i o n   f r o m  

t h e   r i g h t - h a n d   end   of   F i g .   3,  t h e   l e f t - h a n d   end  of  F i g .   5 

b e i n g   a  c o n t i n u a t i o n   f rom  t h e   r i g h t - h a n d   end  of  F i g .   4,  a n d  

t h e   l e f t - h a n d   end   of   F i g .   6  b e i n g   a  c o n t i n u a t i o n   f r o m   t h e  

r i g h t - h a n d   end  of   F i g .   5 ;  

F i g .   7  i s   a  s e c t i o n e d   v i e w   on  t h e   l i n e   7-7  in   F i g .   4 ;  

F i g .   8  i s   a  s e c t i o n e d   v i e w   on  t h e   l i n e   8-8  in   F i g .   5 ;  

F i g .   9  i s   a  v i e w   of   a  p o r t i o n   of   t h e   t o o l   shown  in  t h e   p r e -  

c e d i n g   v i e w s ;  

F i g s .   10  and  11  a r e   v i e w s   c o r r e s p o n d i n g   to   F i g s .   2  and  3 ,  

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

c o n d i t i o n ;  

F i g .   12  i s   a  v i e w   s u b s t a n t i a l l y   c o r r e s p o n d i n g   to   F i g .   4,  b u t  

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

t h e   p r e f e r r e d   e m b o d i m e n t   of  t h e   i n v e n t i o n ;  

F i g .   13  i s   a  s e c t i o n e d   v i e w   on  t h e   l i n e   1 3 - 1 3  i n   F i g .   1 2 ;  

F i g .   14  i s   a  v i e w   of   p a r t   of  t h e   p o r t i o n   of  t h e   t o o l   shown  i n  

F i g .   12  in   t h e   d i r e c t i o n   of  t h e   a r r o w   14  in   F i g .   1 2 ;  

F i g .   15  i s   a  v i e w   g e n e r a l l y   c o r r e s p o n d i n g   to   F i g .   4  b u t   s h o w i n g  

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

t h e   p r e f e r r e d   e m b o d i m e n t   of  t h e   i n v e n t i o n ;  

F i g .   16  i s   a  s e c t i o n   v i e w   on  t h e   l i n e   1 6 - 1 6   in   F i g .   1 5 ;  

F i g .   17  i s   a  v i e w   g e n e r a l l y   c o r r e s p o n d i n g   to   p a r t   of   F i g .   5 



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

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

f u r t h e r   m o d i f i e d   f o rm  of   t h e   p r e f e r r e d   e m b o d i m e n t   of  t h e  

i n v e n t i o n ;  

F i g .   18  i s   a  v i e w   s u b s t a n t i a l l y   c o r r e s p o n d i n g   to   F i g .   17,  b u t  

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

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

i n v e n t i o n ;  

F i g .   19  i s   a  s e c t i o n e d   v i e w   on  t h e   l i n e   1 9 - 1 9   in  F i g .   1 8 ;  

F i g s .   20  and  21  a r e   v i e w s   in   t h e   d i r e c t i o n   of  t h e   s e c t i o n   l i n e  

1 9 - 1 9   in   F i g .   18  of  p a r t s   i l l u s t r a t e d   t h e r e i n ;  

F i g s .   22  and  23  t o g e t h e r   show  a  p o r t i o n   of   a  w e l l   d r i l l i n g  

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

a s p e c t   of   t h e   i n v e n t i o n ,   t h e s e   v i e w s   s h o w i n g   t h e   t o o l   i n  

l o n g i t u d i n a l   a x i a l   s e c t i o n   on  one  s i d e   o f   a  l o n g i t u d i n a l   a x i s  

t h e r e o f ,   w i t h   t h e   l e f t - h a n d   end   of   F i g .   23  b e i n g   a  c o n t i n u -  

a t i o n   f r o m   t h e   r i g h t - h a n d   end  of   F i g .   2 2 ;  

F i g .   24  i s   a  s e c t i o n e d   v i e w   on  t h e   l i n e   2 4 - 2 4   in  F i g .   2 3 ;  

F i g .   25  i s   a  s e c t i o n e d   v i e w   on  t h e   l i n e   2 5 - 2 5   in   F i g .   2 3 ;  

F i g .   26  i s   a  v i e w   g e n e r a l l y   c o r r e s p o n d i n g   t o   F i g .   23,   b u t  

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

F i g .   27  i s   a  v i e w   c o r r e s p o n d i n g   to   F i g .   22,  b u t   s h o w i n g   a  

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

f u r t h e r   p r e f e r r e d   e m b o d i m e n t   of   t h e   i n v e n t i o n .  

D e s c r i p t i o n   of  t h e   P r e f e r r e d   E m b o d i m e n t s  

R e f e r r i n g   t o   t h e   d r a w i n g s   and  in   p a r t i c u l a r   to   F i g s .   1  t o   1 1 ,  

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



w h i c h   c o m p r i s e s   a  p l u r a l i t y   of  p i p e   s e c t i o n s   or  s u b s   10A 

t h r o u g h   10F,  i n c l u s i v e ,   d i s p o s e d   a t   t h e   l o w e r   end  of  a  d r i l l  

s t r i n g   11  ( F i g .   1 ) ,   t h e   s u b s   10A  to  10E,  i n c l u s i v e ,   b e i n g  

i n t e r c o n n e c t e d   by  t a p e r e d   s c r e w - t h r e a d i n g   12  as  is  c o n v e n -  

t i o n a l   in  t h e   a r t .   The  s e c t i o n   10F  is   c o n n e c t e d   to   t h e  

s e c t i o n   10E  by  a x i a l   s c r e w   t h r e a d i n g   13.  The  h o u s i n g   10  h a s  

a  s u b s t a n t i a l l y   v e r t i c a l   l o n g i t u d i n a l   a x i s   14,  w i t h   t h e   end  15  

of  t h e   h o u s i n g   10,  i . e .   t h e   l e f t - h a n d   end  of  t h e   sub  10A  a s  

v i e w e d   in  F i g .   2  o p e r a t i v e l y   c o n s t i t u t i n g   the   u p p e r   end  of  t h e  

h o u s i n g   10  and  t h e   end  16  of  t h e   h o u s i n g   10,  i . e .   t h e   r i g h t -  

h a n d   end  of  t h e   p i p e   s e c t i o n   10F  as  v i e w e d   in  F i g .   6  o p e r a -  

t i v e l y   c o n s t i t u t i n g   t h e   l o w e r   end  of  t h e   h o u s i n g   1 0 .  

M o u n t e d   w i t h i n   t h e   h o u s i n g   10  i s   a  f l u i d   c o n t r o l   v a l v e   d e n o t e d  

g e n e r a l l y   by  t h e   r e f e r e n c e   n u m e r a l   17  and  c o m p r i s i n g   in  t h e  

p r e f e r r e d   e m b o d i m e n t   shown  i n   F i g s .   1  to   21,  i n c l u s i v e ,   a  

s p o o l   v a l v e   i n c o r p o r a t i n g   a  f i r s t   v a l v e   member  18  w h i c h   i n -  

c l u d e s   an  i n n e r   c y l i n d r i c a l   member   19,  and  a  s e c o n d   v a l v e  

member   20  w h i c h   i n c l u d e s   an  o u t e r   c y l i n d r i c a l   member   21  c o -  

a x i a l l y   s l i d a b l y   m o u n t e d   on  t h e   i n n e r   c y l i n d r i c a l   member   1 9 ,  

rows  of  a n g u l a r l y   s p a c e d   f l u i d   f l o w   o p e n i n g s   22  b e i n g   p r o v i d e d  

in  t h e   i n n e r   c y l i n d r i c a l   member   19,  and  c o r r e s p o n d i n g   rows  o f  

a n g u l a r l y   s p a c e d   f l u i d   f l o w   o p e n i n g s   23  b e i n g   p r o v i d e d   in  t h e  

o u t e r   c y l i n d r i c a l   member  21,  so  t h a t   on  r e l a t i v e   a x i a l   m o v e m e n t  

b e t w e e n   t h e   f i r s t   and  s e c o n d   v a l v e   m e m b e r s   18,  20  as  h e r e i n -  

a f t e r   more   f u l l y   d e s c r i b e d   t h e   r ows   of  a p e r t u r e s   22,   23  may  b e  

b r o u g h t   i n t o   o v e r l a p p i n g   r e l a t i o n s h i p   ( F i g .   l l )   in  w h i c h   t h e  

v a l v e   17  i s   in  an  open   c o n d i t i o n   t h e r e o f ,   and  i n t o   n o n -  

o v e r l a p p i n g   r e l a t i o n s h i p   ( F i g .   3)  in   w h i c h   t h e   v a l v e   17  i s   i n  

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

c o u l d ,   of   c o u r s e ,   be  o n l y   one  row  of  o p e n i n g s   w i t h   o n l y   o n e  

c o r r e s p o n d i n g   row  of  o p e n i n g s   23,   or  m e r e l y   one  o p e n i n g   22  

w i t h   one  c o r r e s p o n d i n g   o p e n i n g   23.   S p a c e d   p i s t o n   r i n g s   24  a r e  

m o u n t e d   on  t h e   i n n e r   c y l i n d r i c a l   member   19  in  s e a l i n g   c o n t a c t  

w i t h   t h e   o u t e r   c y l i n d r i c a l   m e m b e r   21,   and  f u r t h e r   s p a c e d  

p i s t o n   r i n g s   25,  t o g e t h e r   w i t h   s p a c e d   w e a r   r i n g s   26  a r e  



m o u n t e d   on  t h e   i n n e r   c y l i n d r i c a l   member   19  in   s e a l i n g   c o n t a c t  

w i t h   t h e   sub   1 0 B .  

At  i t s   u p p e r   end  p o r t i o n   t h e   o u t e r   c y l i n d r i c a l   member   21  h a s  

an  i n w a r d l y   d i r e c t e d   a n n u l a r   s h o u l d e r   27  and  a  s h o r t   c y l i n d -  

r i c a l   p o r t i o n   28  w h i c h   i s   s e c u r e d   by  m e a n s   of  a n g u l a r l y   s p a c e d  

p i n s   29  t o   a  c y l i n d r i c a l   s l e e v e   30.   T h i s   s l e e v e   30  i s   a x i a l l y  

s l i d a b l y   m o u n t e d   on  a  s h a f t   31,   t h e   u p p e r   end  p o r t i o n   of   w h i c h  

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

s h a f t   32.   S c r e w   t h r e a d e d l y   m o u n t e d   on  t h e   u p p e r   end  of  t h e  

s l e e v e   30  i s   a  c o l l a r   33  on  w h i c h   i s   m o u n t e d   a  w i p e r   r i n g   34  

and  an  O - r i n g   s e a l   35  b e a r i n g   on  t h e   s h a f t   3 1 .  

A  b r a c k e t   36  c o m p r i s i n g   a  f l a n g e   37  and  a  s h o r t   c y l i n d r i c a l  

p o r t i o n   38  w h i c h   i s   i n   a b u t t i n g   c o n t a c t   w i t h   a  s h o u l d e r   3 9  

p r e s e n t e d   by  t h e   sub   10A  i s   s l i d a b l y   m o u n t e d   on  t h e   s h a f t   3 2  

w i t h   a  c o m p r e s s i o n   c o i l   s p r i n g   40  s u r r o u n d i n g   t h e   s h a f t   32  a n d  

a c t i n g   b e t w e e n   t h e   b r a c k e t   36  and   a  s p r i n g   s u p p o r t   member   4 1  

m o u n t e d   on  t h e   u p p e r   end  p o r t i o n   of   t h e   s h a f t   32 .   T h i s  

m o u n t i n g   o f   t h e   m e m b e r   41  on  t h e   s h a f t   32  c o m p r i s e s   an  a n n u l a r  

g r o o v e   42  p r o v i d e d   in   t h e   u p p e r   end   p o r t i o n   of  t h e   s h a f t   3 2  

and  an  a l i g n e d   a n n u l a r   g r o o v e   43  p r o v i d e d   in   a  s k i r t   p o r t i o n  

44  of   t h e   member   41 ,   a  p l u r a l i t y   of   b a l l   b e a r i n g s   45  e a c h  

b e i n g   d i s p o s e d   p a r t i a l l y   w i t h i n   t h e   g r o o v e   42  and  p a r t i a l l y  

w i t h i n   t h e   g r o o v e   43.   The  s p r i n g   s u p p o r t   member   41  i s   a l s o  

p r o v i d e d   w i t h   an  a n n u l a r   p o c k e t   46  w h i c h   i s   d i s p o s e d   a b o v e  

and  in   c o m m u n i c a t i o n   w i t h   t h e   g r o o v e   43,   t h i s   p o c k e t   46  h a v i n g  

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

b e a r i n g s   45  w h e n ,   d u r i n g   a s s e m b l y   o f   t h e   member   41  on  t h e  

s h a f t   32 ,   t h e   s h a f t   32  i s   i n i t i a l l y   d i s p o s e d   t h r o u g h   t h e  

member   41 .   The  b o t t o m   of   t h e   a n n u l a r   p o c k e t   46  i s   i n w a r d l y  

and  d o w n w a r d l y   i n c l i n e d   so  t h a t   when  t h e   member   41  i s   u r g e d  

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

b e a r i n g s   45  d e s c e n d   d o w n w a r d l y   and   i n w a r d l y   a c r o s s   t h i s   i n -  

c l i n e d   b o t t o m   of   t h e   p o c k e t   46  t o   be  p a r t i a l l y   d i s p o s e d   in   t h e  

g r o o v e   42 .   The  m e m b e r   41  i s   t h e n   r e l e a s e d   w h e r e u p o n   u n d e r   t h e  



i n f l u e n c e   of  t h e   s p r i n g   40  t h e   member   41  moves   a x i a l l y   u p -  

w a r d l y   r e l a t i v e   to   t h e   s h a f t   32  p a r t i a l l y   t o   d i s p o s e   t h e   b a l l  

b e a r i n g s   45  in  t h e   g r o o v e   42  and  p a r t i a l l y   in   t h e   g r o o v e   4 3 .  

Wi th   t h e   b a l l   b e a r i n g s   45  so  d i s p o s e d   (as   shown  in  F i g .   2)  t h e  

b a l l   b e a r i n g s   45  s e r v e   to   p r e v e n t   f u r t h e r   u p w a r d   m o v e m e n t   o f  

t h e   member   41  r e l a t i v e   to   t h e   s h a f t   32  and  t h e r e b y   s e c u r e   t h e  

s p r i n g   40  a b o u t   t h e   s h a f t   32.  In  o r d e r   to   d i s a s s e m b l e   t h e  

s p r i n g   40  f rom  t h e   s h a f t   32  t h e   a b o v e - d e s c r i b e d   o p e r a t i o n s   a r e  

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

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

a r r a n g e m e n t   f o r   a s s e m b l y   and  d i s a s s e m b l y   of   t h e   s p r i n g   40  o n  

t h e   s h a f t   32.  A  f l u i d   f l o w   o p e n i n g   or  o p e n i n g s   47  a r e   p r o -  
v i d e d   in  t h e   s k i r t   p o r t i o n   44  and  a  g u i d e f l a n g e   p o r t i o n   48  o f  

t h e   member   41  and  in   t h e   f l a n g e   37  of  t h e   b r a c k e t   f o r   a  p u r -  

p o s e   w h i c h   is   h e r e i n a f t e r   e x p l a i n e d .  

P r e s e n t e d   by  t h e   s e c o n d   v a l v e   member   20  i s   an  a b u t m e n t   m e a n s  

49  w h i c h   in  t h e   p r e f e r r e d   e m b o d i m e n t   of  F i g s .   1  to   2 1 ,  

i n c l u s i v e ,   c o m p r i s e s   an  i n n e r   f l a n g e   p o r t i o n   50,  an  o u t e r  

f l a n g e   p o r t i o n   51  and  an  i n t e r m e d i a t e   c y l i n d r i c a l   p o r t i o n   5 2 ,  

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

o p e n i n g s   53  b e i n g   p r o v i d e d   in  t h e   i n n e r   f l a n g e   p o r t i o n   50  a n d  

in  t h e   c y l i n d r i c a l   p o r t i o n   52.  The  a b u t m e n t   m e a n s   49  i s   p r e -  

f e r a b l y   s l i d a b l y   m o u n t e d   on  t h e   s l e e v e   30  b e t w e e n   two  s p r i n g s  

54,  55  w h i c h   may  be  of   t h e   B e l l e v i l l e   t y p e ,   t h e   s p r i n g   54 

b e i n g   d i s p o s e d   b e t w e e n   one  f a c e   of   t h e   f l a n g e   p o r t i o n   50  a n d  

t h e   a d j a c e n t   end  of   t h e   c o l l a r   33,   and  t h e   s p r i n g   55  b e i n g  

d i s p o s e d   b e t w e e n   t h e   o p p o s e d   f a c e   of   t h e   f l a n g e   p o r t i o n   50  a n d  

an  a n n u l a r   r i b   56  p r e s e n t e d   by  t h e   s l e e v e   3 0 .  

The  i n n e r   c y l i n d r i c a l   member  19  i s   s c r e w   t h r e a d e d l y   c o n n e c t e d  

to  t h e   s h a f t   31  and  p r e s e n t s   a  s l e e v e   p o r t i o n   57  s l i d a b l y  

m o u n t e d   on  t h e   s l e e v e   30,  an  0 - r i n g   58  b e i n g   m o u n t e d   on  t h e  

s l e e v e   30  in   s e a l i n g   c o n t a c t   w i t h   t h e   s l e e v e   p o r t i o n   57.  A 

r e l a t i v e l y   l i g h t   s p r i n g   59  i s   d i s p o s e d   a r o u n d   t h e   s l e e v e  

p o r t i o n   57  and  a c t s   b e t w e e n   t h e   s h o u l d e r   27  and  t h e   i n n e r  



c y l i n d r i c a l   m e m b e r   19,   w i t h   an  o p e n i n g   or  o p e n i n g s   60  b e i n g  

p r o v i d e d   in   t h e   o u t e r   c y l i n d r i c a l   member   21  in  c o m m u n i c a t i o n  

w i t h   t h e   c h a m b e r   61  in  w h i c h   t h e   s p r i n g   59  i s   d i s p o s e d .  

S c r e w   t h r e a d e d l y   m o u n t e d   on  t h e   l o w e r   end  p o r t i o n   of   t h e   i n n e r  

c y l i n d r i c a l   m e m b e r   19  i s   a  c y l i n d r i c a l   e x t e n s i o n   member   62,   a  

s t u d   o r   p r e f e r a b l y   a  p l u r a l i t y   of  a n g u l a r l y   s p a c e d   s t u d s   63 

b e i n g   m o u n t e d   in   t h e   member   62  w i t h   e a c h   s t u d   63  h a v i n g   a n  

o u t w a r d l y   p r o j e c t i n g   end  p o r t i o n   on  w h i c h   a  r o l l e r   64  i s  

r o t a t a b l y   m o u n t e d   by  means   of  a  b a l l   b e a r i n g   r a c e   65 .   T h e  

r o l l e r s   64  a r e   e a c h   e n g a g e d   w i t h i n   an  a x i a l l y   d i s p o s e d   g r o o v e  
66  p r o v i d e d   in   t h e   i n n e r   f a c e   of  t h e   sub  10C,  f o r   p r e v e n t i n g  

r o t a t i o n   of   t h e   f i r s t   v a l v e   member   18,   t h e   r o l l e r s   64  e a c h  

b e i n g   f r e e l y   r o t a t a b l e   a b o u t   an  a x i s   s u b s t a n t i a l l y   a t   r i g h t  

a n g l e s   t o   t h e   l o n g i t u d i n a l   a x i s   of  t h e   r e s p e c t i v e   g r o o v e   6 6 .  

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

s p a c e d   s t u d s   67  a r e   m o u n t e d   in   t h e   member   62  w i t h   end  p o r t i o n s  

of  t h e s e   s t u d s   67  p r o j e c t i n g   i n w a r d l y   t h e r e f r o m   and  e a c h  

h a v i n g   a  r o l l e r   68  r o t a t a b l y   m o u n t e d   t h e r e o n   by  means   of   a  

b a l l   b e a r i n g   r a c e   69 ,   t h e s e   r o l l e r s   68  e a c h   b e i n g   d i s p o s e d  

w i t h i n   a  h e l i c a l   g r o o v e   70  p r o v i d e d   in  a  h o l l o w   t u b u l a r   t o r q u e  

member   71,   t h e   u p p e r   end  of  w h i c h   h a s   s c r e w - t h r e a d e d l y   m o u n t e d  

t h e r e o n   an  end   c o l l a r   72.  The  h e l i c a l   g r o o v e s   70  t h u s   c o n -  

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

r o l l e r s   68  c o n s t i t u t i n g   s e c o n d   c o u p l i n g   m e a n s   c o n t i n u o u s l y  

e n g a g e d   w i t h   t h e   f i r s t   c o u p l i n g   m e a n s ,   t h e   r o l l e r s   68  e a c h  

b e i n g   f r e e l y   r o t a t a b l e   a b o u t   an  a x i s   s u b s t a n t i a l l y   a t   r i g h t  

a n g l e s   t o   t h e   l o n g i t u d i n a l   a x i s   of   t h e   r e s p e c t i v e   g r o o v e   7 0 .  

The  l o w e r   end   p o r t i o n   73  of   t h e   t o r q u e   member   71  i s   c o a x i a l l y  

d i s p o s e d   a r o u n d   t h e   u p p e r   end  p o r t i o n   74  of  a  h o l l o w   c y l i n d -  

r i c a l   r o t o r   75 ,   t h e s e   end  p o r t i o n s   73,   74  c o n s t i t u t i n g   e l e m e n t s  

of  a  o n e - w a y   c l u t c h   76  w h i c h   may  be  of  c o n v e n t i o n a l   f o r m   a n d  

w h i c h   a l s o   c o m p r i s e s   an  i n t e r m e d i a t e   r o l l e r   c a g e   77  in   w h i c h  

r o l l e r s   78  d i s p o s e d   in   t a p e r e d   s l o t s   79  in   t h e   end  p o r t i o n   74 

a r e   r o t a t a b l y   m o u n t e d .   As  shown  in   F i g .   5,  a  s p r i n g   80  i s  

c o n n e c t e d   b e t w e e n   t h e   c a g e   77  and  a  s c r e w   81  w h i c h   i s   m o u n t e d  



in  t h e   end  p o r t i o n   74  and  w h i c h   i s   p o s i t i o n e d   in   a  p a r t -  

c i r c u m f e r e n t i a l   s l o t   82  in  t h e   c a g e   77,  t h e r e b y   r e s i l i e n t l y  

to  m a i n t a i n   t h e   c l u t c h   76  in  t h e   c o n d i t i o n   in   w h i c h   i t   i s  

r e a d y   f o r   d r i v i n g   e n g a g e m e n t .   The  t o r q u e   member   71  i s  

r e s i l i e n t l y   u r g e d   d o w n w a r d l y   by  a  s p r i n g   83  a c t i n g   on  a n  

a n n u l a r   member   84,  a  b a l l   b e a r i n g   r a c e   85  b e i n g   d i s p o s e d  

b e t w e e n   t h e   member   84  and  t h e   t o r q u e   member   71.   A  f u r t h e r  

b a l l   b e a r i n g   r a c e   173  i s   d i s p o s e d   b e t w e e n   t h e   u p p e r   end  of  t h e  

u p p e r   end  p o r t i o n   74  of  t h e   r o t o r   75  and  t h e   a d j a c e n t   f a c e   o f  

t h e   t o r q u e   member   71,  a  s l e e v e   174  w h i c h   s u p p o r t s   t h e   b a l l  

b e a r i n g   r a c e   173  b e i n g   s c r e w - t h r e a d e d l y   m o u n t e d   on  t h e   t o r q u e  

member   71 .   A l s o   f l u i d   f l o w   d u c t i n g   175  i s   p r o v i d e d   in   t h e  

r o t o r   75  f o r   d r a i n a g e   of  any  f l u i d   in  t h e   s p a c e   o c c u p i e d   b y  

t h e   l o w e r   end  p o r t i o n   73  of  t h e   t o r q u e   member   71  i n t o   t h e  

i n t e r i o r   of   t h e   r o t o r   7 5 .  

B e l o w   t h e   o n e - w a y   c l u t c h   76  t h e r e   i s   i n c o r p o r a t e d   an  a x i a l  

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

member   c o n s t i t u t e d   by  t h e   sub   10E  and  a  c y l i n d r i c a l   m e m b e r  

c o n s t i t u t e d   by  t h e   r o t o r   75,   a  p l u r a l i t y   of  a n n u l a r   g r o o v e s  
87  b e i n g   p r o v i d e d   in  t he   i n n e r   f a c e   of  t h e   sub  10E,   and  a  

c o r r e s p o n d i n g   p l u r a l i t y   of  a n n u l a r   g r o o v e s   88  b e i n g   p r o v i d e d  

in  t h e   o u t e r   f a c e   of  t h e   r o t o r   75  w i t h   e a c h   g r o o v e   88  b e i n g   i n  

a l i g n m e n t   w i t h   one  of  t h e   g r o o v e s   87.  Each   g r o o v e   87  and  t h e  

a l i g n e d   g r o o v e   88  t o g e t h e r   c o n s t i t u t e   a  b a l l   b e a r i n g   t r a c k ,   a  

p l u r a l i t y   of  f r e e l y   m o v a b l e   b a l l   b e a r i n g s   89  b e i n g   d i s p o s e d   i n  

t h i s   b a l l   b e a r i n g   t r a c k   p a r t i a l l y   in   e a c h   of  t h e   g r o o v e s   8 7 ,  

88,  so  t h a t   d o w n w a r d   a x i a l   t h r u s t   on  t h e   h o u s i n g   10  i s   o p e r a -  

t i v e l y   t r a n s m i t t e d   t h r o u g h   t h e   t h r u s t   b e a r i n g   86  to   t h e   r o t o r  

75.   An  a n n u l a r   p o c k e t   90  i s   a l s o   p r o v i d e d   in   t h e   r o t o r   7 5  

a b o v e   and  in   c o m m u n i c a t i o n   w i t h   e a c h   a n n u l a r   g r o o v e   88,  t h e  

u p p e r   e d g e   of  e a c h   p o c k e t   90  b e i n g   in  t h e   f o r m   of   a  d o w n w a r d l y  

d i r e c t e d   l i p   91.  I t   w i l l ,   of  c o u r s e ,   be  a p p r e c i a t e d   t h a t  

t h e r e   c o u l d   be  o n l y   one  g r o o v e   87  and  one  c o r r e s p o n d i n g   g r o o v e  

88,  in  w h i c h   c a s e   t h e r e   w o u l d   be  a  s i n g l e   b a l l   b e a r i n g   t r a c k  

c o n s t i t u t e d   by  t h e   a l i g n e d   g r o o v e s   87,  88,  and  a  s i n g l e   p o c k e t  



90  in   c o m m u n i c a t i o n   w i t h   t h e   g r o o v e   8 8 .  

In  t h e   a s s e m b l y   of  t h e   a x i a l   t h r u s t   b e a r i n g   86  t h e   r o t o r   7 5  

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

t h e   t o o l   i s   o p e r a t i v e l y   in   u s e ,   i n t o   t h e   sub  10E,  t h e   b a l l  

b e a r i n g s   89  b e i n g   d i s p o s e d   d u r i n g   t h i s   l o w e r i n g   of  t h e   r o t o r  

75  i n t o   t h e   sub  10E  w i t h i n   t h e   p o c k e t s   90  (as   shown  in  b r o k e n  

l i n e s   in   F i g .   6)  and  b e i n g   r e t a i n e d   in   t h e s e   p o c k e t s   90  by  t h e  

l i p s   91  w h i c h   d u r i n g   t h e   l o w e r i n g   of   t h e   r o t o r   75  i n t o   t h e   s u b  

10E  a r e ,   of  c o u r s e ,   u p w a r d l y   d i r e c t e d .   By  r e l a t i v e   a x i a l  

m o v e m e n t   b e t w e e n   t h e   r o t o r   75  and  t h e   sub  10E  t h e   g r o o v e s   87  

a r e   b r o u g h t   i n t o   a l i g n m e n t   w i t h   t h e   p o c k e t s   90  w h e r e u p o n   t h e  

r o t o r   75  and  t h e   p i p e   s e c t i o n   10E  a r e   i n v e r t e d   i n t o   t h e  

o p e r a t i v e   o r i e n t a t i o n   when  t h e   t o o l   i s   in   u s e ,   w i t h   t h e  

r e s u l t   t h a t   t h e   b a l l   b e a r i n g s   89  d r o p   a l o n g   t h e   i n c l i n e d   f a c e s  

of  t h e   p o c k e t s   90  to   be  d i s p o s e d   p a r t i a l l y   w i t h i n   t h e   g r o o v e s  
87.  T h e r e a f t e r ,   by  a p p r o p r i a t e   r e l a t i v e   a x i a l   m o v e m e n t   b e -  

t w e e n   t h e   r o t o r   75  and  t h e   sub   10E  t h e   b a l l   b e a r i n g s   89  a r e  

d i s p o s e d   p a r t i a l l y   w i t h i n   t h e   g r o o v e s   87  and  p a r t i a l l y   w i t h i n  

t h e   a l i g n e d   g r o o v e s   8 8 .  

As  w i l l   be  a p p r e c i a t e d ,   t h e   d i s a s s e m b l y   of  t h e   a x i a l   t h r u s t  

b e a r i n g   86  i s   a c h i e v e d   by  p e r f o r m i n g   t h e   a b o v e - d e s c r i b e d   s t e p s  

in  r e v e r s e   and  in   t h e   r e v e r s e   s e q u e n c e .  

The  a b o v e - d e s c r i b e d   a s s e m b l y   of   t h e   a x i a l   t h r u s t   b e a r i n g   86  i s  

i n i t i a l l y   p e r f o r m e d   a f t e r   t h e   s u b   10E  has   b e e n   h a r d e n e d   b y  

a p p r o p r i a t e   h e a t   t r e a t m e n t   b u t   b e f o r e   t h e   r o t o r   75  h a s   b e e n   s o  

h a r d e n e d .   T h e r e a f t e r ,   t h e   a s s e m b l e d   a x i a l   t h r u s t   b e a r i n g   86  

i s   m o u n t e d   in   a  j i g   ( n o t   shown)   in   w h i c h   t h e   r o t o r   75  and  t h e  

sub  10E  a r e   r o t a t e d   r e l a t i v e   t o   one   a n o t h e r   f o r   an  a p p r o p r i a t e  

p e r i o d   of   t i m e   u n t i l   t h e   u n h a r d e n e d   edge   92  of  e a c h   g r o o v e   88 

i s   g r o u n d   t o   c o n f o r m   t o   t h e   s h a p e   of  t h e   b a l l   b e a r i n g s   89  w i t h  

a l l   t h e   b a l l   b e a r i n g s   89  in   s o l i d   c o n t a c t   w i t h   t h e   r e s p e c t i v e  

g r o o v e s   87,   88.   The  t h r u s t   b e a r i n g   86  i s   t h e n   d i s a s s e m b l e d ,  

t h e   r o t o r   75  i s   h e a t   t r e a t e d   and   h a r d e n e d   and  t h e   t h r u s t  

b e a r i n g   86  i s   r e a s s e m b l e d .  



The  a b o v e - d e s c r i b e d   p r o c e d u r e   i s   p r e f e r a b l y   a d o p t e d   in  o r d e r  

to   e n s u r e   t h a t   when  t h e   a x i a l   t h r u s t   b e a r i n g   86  is   o p e r a t i v e l y  

in  u s e   t h e   downward   a x i a l   t h r u s t   on  t h e   sub  10E  is   t r a n s m i t t e d  

to  t h e   r o t o r   75  t h r o u g h   t h e   b a l l   b e a r i n g s   89  d i s p o s e d   in  a l l  

t h e   b a l l   b e a r i n g   t r a c k s   c o n s t i t u t e d   by  t h e   a l i g n e d   g r o o v e s   8 7 ,  

88.  I f   in  t h e   p r o d u c t i o n   of  t h e   r o t o r   75  t h e   g r o o v e s   88  w e r e  

f o r m e d   in  t h e i r   f i n a l   f o r m ,   and  t h e   r o t o r   75  was  h a r d e n e d  

p r i o r   to   t h e   i n i t i a l   a s s e m b l y   of   t h e   t h r u s t   b e a r i n g   86  i t   i s  

p r o b a b l e   t h a t   when  o p e r a t i v e l y   in   u s e   t h e   a x i a l   t h r u s t   on  t h e  

sub  10E  w o u l d   be  t r a n s m i t t e d   t o   t h e   r o t o r   75  o n l y   t h r o u g h   t h e  

b a l l   b e a r i n g s   89  in  one   of  t h e   b a l l   b e a r i n g   t r a c k s   c o n s t i t u t e d  

by  t h e   a l i g n e d   g r o o v e s   87,   88,   u n l e s s   t h e   g r o o v e s   87,  88  w e r e  

m a n u f a c t u r e d   to   s u b s t a n t i a l l y   no  m a n u f a c t u r i n g   t o l e r a n c e s .  

T h i s   w o u l d ,   of  c o u r s e ,   make  t h e   m a n u f a c t u r e   of  t h e   a x i a l  

t h r u s t   b e a r i n g   86  e x t r e m e l y   t i m e - c o n s u m i n g   and  h e n c e   c o s t l y .  

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

i n i t i a l   a s s e m b l y   of   t h e   t h r u s t   b e a r i n g   86  c o u l d   be  p e r f o r m e d  

a f t e r   h a r d e n i n g   of  t h e   r o t o r   75  b u t   b e f o r e   h a r d e n i n g   of   t h e  

sub  10E  or  b e f o r e   h a r d e n i n g   of  t h e   r o t o r   75  and  sub  10E,  w i t h  

t h e   u n h a r d e n e d   member   or  m e m b e r s   b e i n g   h a r d e n e d   a f t e r   t h e   s u b -  

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

8 6 .  

A  r i n g   93  and  p a c k i n g   94  a r e   d i s p o s e d   b e t w e e n   t h e   r o t o r   75  a n d  

t h e   sub  10E  and  a  s p l i t   r i n g   95  r e t a i n s   t h e   r o t o r   75  w i t h i n  

t h e   h o u s i n g   10,  t h i s   s p l i t   r i n g   95  b e i n g   d i s p o s e d   b e t w e e n  

m e m b e r s   96,  97  w i t h   p a c k i n g   98  and  a  b a l l   b e a r i n g   r a c e   99  a l s o  

b e i n g   p r o v i d e d .   An  O - r i n g   100  i s   m o u n t e d   b e t w e e n   t h e   s u b s  

10E,  10F,  and  a  r o l l e r   b e a r i n g   r a c e   101  t o g e t h e r   w i t h   a  s e a l  

102  a r e   p r o v i d e d   b e t w e e n   t h e   r o t o r   75  and  t h e   sub  1 0 F .  

S c r e w - t h r e a d e d l y   s e c u r e d   on  t h e   l o w e r   end  of   t h e   r o t o r   75  i s  

a  d r i l l   b i t   103  ( F i g .   1)  w h i c h   as  i s   c o n v e n t i o n a l   may  i n c o r -  

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

104,   t h e s e   t o o t h e d   c o n e s   104  b e i n g   o p e r a t i v e l y   r o t a t e d   d u r i n g  

t u r n i n g   of  t h e   d r i l l   b i t   103 .   F l u i d   f l o w   d u c t i n g   p r e f e r a b l y  



c o m p r i s i n g   b o r e s   d i s p o s e d   b e t w e e n   t h e   t o o t h e d   c o n e s   104  i s  

p r o v i d e d   in  t h e   d r i l l   b i t   1 0 3 .  

In  o p e r a t i o n ,   p r e s s u r i s e d   d r i l l i n g   mud  or  o t h e r   f l u i d   i s  

c o n t i n u o u s l y   pumped   down  t h e   d r i l l   s t r i n g   11  and  h o l l o w  

h o u s i n g   10,   t h i s   p r e s s u r i s e d   d r i l l i n g   mud  f r e e l y   f l o w i n g  

t h r o u g h   t h e   o p e n i n g s   47  in   t h e   member   41  and  t h r o u g h   t h e  

o p e n i n g s   47  in  t h e   b r a c k e t   36 .   The  p r e s s u r i s e d   d r i l l i n g   mud 

l i k e w i s e   f r e e l y   f l o w s   t h r o u g h   t h e   o p e n i n g s   53  in   t h e   a b u t m e n t  

m e a n s   49  a n d ,   w i t h   t h e   v a l v e   17  in   i t s   c l o s e d   c o n d i t i o n   s h o w n  

in  F i g .   3  in   w h i c h   t h e   v a l v e   17  s u b s t a n t i a l l y   p r e v e n t s   f l o w  

of  t h e   p r e s s u r i s e d   d r i l l i n g   mud  down  t h e   h o u s i n g   10,   a c t s   o n  

t h e   v a l v e   17  t o   move  t h e   v a l v e   17  d o w n w a r d l y   w i t h i n   t h e  

h o u s i n g   10,   t h e   e f f e c t i v e   a r e a   on  w h i c h   t h e   h i g h   p r e s s u r e  

d r i l l i n g   mud  o p e r a t i v e l y   a c t s   in   so  m o v i n g   t h e   v a l v e   17  d o w n -  

w a r d l y   b e i n g   an  a r e a   h a v i n g   t h e   d i a m e t e r  a   ( F i g .   3)  s i n c e   a n  

a n n u l a r   c h a m b e r   105  i s   p r o v i d e d   by  s p a c i n g   t h e   l o w e r   end  o f  

t h e   s l e e v e   30  f r o m   t h e   i n n e r   c y l i n d r i c a l   member   19  w i t h   r a d i a l  

v e n t   p a s s a g e s   106  f o r m e d   i n   t h e   s h a f t   31  i n t e r c o n n e c t i n g   t h i s  

a n n u l a r   c h a m b e r   105  w i t h   an  a x i a l   v e n t   p a s s a g e   107  f o r m e d   i n  

t h e   s h a f t   31  and  s i n c e   t h e   h i g h   p r e s s u r e   d r i l l i n g   mud  o p e r a -  

t i v e l y   f l o w s   t h r o u g h   t h e   o p e n i n g s   60  in  t h e   o u t e r   c y l i n d r i c a l  

m e m b e r   21  and  b e t w e e n   t h e   s h o u l d e r   27  and  t h e   a d j a c e n t   end  o f  

t h e   s l e e v e   p o r t i o n   57  of   t h e   i n n e r   c y l i n d r i c a l   member   1 9 .  

T h i s   d o w n w a r d   m o v e m e n t   of  t h e   v a l v e   17  i n c l u d e s ,   of  c o u r s e ,  
d o w n w a r d   m o v e m e n t   of  t h e   e x t e n s i o n   member   62  w h i c h   i s   r e -  

s t r a i n e d   a g a i n s t   r o t a t i o n   by  t h e   a c t i o n   of   t h e   r o l l e r s   64  i n  

t h e   a x i a l   g r o o v e s   66.   H o w e v e r ,   t h e   a x i a l   d o w n w a r d   m o v e m e n t  

of   t h e   e x t e n s i o n   member   62  c a u s e s   t u r n i n g   of  t h e   t o r q u e  

member   71  as  a  r e s u l t   of   t h e   a c t i o n   of  t h e   r o l l e r s   68  w i t h i n  

t h e   h e l i c a l   g r o o v e s   70.   T h i s   t u r n i n g   of  t h e   t o r q u e   member  71 

i s   t r a n s m i t t e d   t h r o u g h   t h e   o n e - w a y   c l u t c h   76  t o   t h e   r o t o r   75  

w h i c h   t o g e t h e r   w i t h   t h e   d r i l l   b i t   103  m o u n t e d   in   t h e   l o w e r   e n d  

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



When  t h e   f l a n g e   p o r t i o n   51  of  t h e   a b u t m e n t   means   49  a b u t s   a  

l o w e r   s h o u l d e r   108  f u r t h e r   d o w n w a r d   m o v e m e n t   of  t h e   o u t e r  

c y l i n d r i c a l   member   21  of  t h e   v a l v e   17  i s   t h e r e b y   p r e v e n t e d ,  

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

d r i c a l   member   21  b e i n g   c u s h i o n e d   by  t h e   s p r i n g   54.  H o w e v e r ,  

c o n t i n u e d   d o w n w a r d   m o v e m e n t   of   t h e   f i r s t   v a l v e   member   1 8  

b r i n g s   t h e   a p e r t u r e s   22,  23  in   t h e   i n n e r   and   o u t e r   c y l i n d r i c a l  

m e m b e r s   19,  21  of  t h e   v a l v e   17  i n t o   o v e r l a p p i n g   r e l a t i o n s h i p  

in  w h i c h   t h e   v a l v e   17  i s   in  i t s   o p e n   c o n d i t i o n ,   t h e r e b y  

e q u a l i z i n g   t h e   d r i l l i n g   mud  p r e s s u r e   on  t h e   u p s t r e a m   a n d  

d o w n s t r e a m   s i d e s   of  t h e   v a l v e   17  ( F i g .   1 1 ) .  

I t   w i l l   of  c o u r s e   be  a p p r e c i a t e d   t h a t   d u r i n g   t h e   a b o v e -  

d e s c r i b e d   d o w n w a r d   m o v e m e n t   of   t h e   v a l v e   17  t h e   d o w n w a r d  

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

m o v e m e n t   of  t h e   s p r i n g   s u p p o r t   m e m b e r   41  t h e r e b y   c o m p r e s s i n g  

t h e   s p r i n g   40  t o   t h e   c o n d i t i o n   shown   in  F i g .   10  when  t h e   v a l v e  

17  i s   in   i t s   o p e n   c o n d i t i o n   shown  i n   F i g .   11.   U n d e r   t h e  

i n f l u e n c e   of   t h e   s p r i n g   40  t h e   f i r s t   v a l v e   member   18,   t o g e t h e r  

w i t h   t h e   s e c o n d   v a l v e   member  20,   a r e   moved  u p w a r d l y   w i t h i n   t h e  

h o u s i n g   10,  t h e   r e l a t i v e l y   l i g h t   s p r i n g   59  s e r v i n g   to   m a i n t a i n  

t h e   v a l v e   17  in   i t s   open   c o n d i t i o n   d u r i n g   t h i s   u p w a r d   m o v e m e n t  

of   t h e   v a l v e   17.  When  t h e   f l a n g e   p o r t i o n   51  of   t h e   a b u t m e n t  

means   49  c o n t a c t s   an  u p p e r   s h o u l d e r   109  c o n s t i t u t e d   by  t h e  

l o w e r   end  of   t h e   sub  10A  t h e   s e c o n d   v a l v e   member   20  i s   t h e r e b y  

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

t h e   u p w a r d   m o v e m e n t   of  t h e   s e c o n d   v a l v e   member   20  b e i n g  

c u s h i o n e d   by  t h e   s p r i n g   55.  H o w e v e r ,   u n d e r   t h e   i n f l u e n c e   o f  

t h e   s p r i n g   40  t h e   u p w a r d   m o v e m e n t   of   t h e   f i r s t   v a l v e   member   18  

c o n t i n u e s ,   w i t h   c o m p r e s s i o n   of   t h e   l i g h t   s p r i n g   59,  u n t i l   t h e  

v a l v e   17  i s   a g a i n   in  i t s   c l o s e d   c o n d i t i o n   ( F i g .   3 ) ,   w h e r e u p o n  

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

a b u t m e n t   m e a n s   49,   t o g e t h e r   w i t h   t h e   s h o u l d e r s   108 ,   109 ,   t h u s  

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

v a l v e   17  to   i t s   open   c o n d i t i o n   when  t h e   v a l v e   17  a t t a i n s   i t s  

l o w e r   p o s i t i o n   and  a c t u a t i o n   of  t h e   v a l v e   17  to   i t s   c l o s e d  



c o n d i t i o n   when  t h e   v a l v e   17  a t t a i n s   i t s   u p p e r   p o s i t i o n .  

I t   w i l l   of  c o u r s e   be  a p p r e c i a t e d   t h a t   d u r i n g   t h e   a b o v e -  

d e s c r i b e d   u p w a r d   m o v e m e n t   of   t h e   v a l v e   17  t h e   e x t e n s i o n  

member   62  i s   l i k e w i s e   u p w a r d l y   moved  and  i s   r e s t r a i n e d   a g a i n s t  

r o t a t i o n   by  t h e   e n g a g e m e n t   of   t h e   r o l l e r s   64  w i t h i n   t h e   a x i a l  

g r o o v e s   66.   F u r t h e r m o r e ,   d u r i n g   t h i s   u p w a r d   m o v e m e n t   of  t h e  

v a l v e   17  t h e   e n g a g e m e n t   o f   t h e   r o l l e r s   68  in   t h e   h e l i c a l  

g r o o v e s   70  in   t h e   t o r q u e   member   71  c a u s e s   t u r n i n g   of  t h i s  

t o r q u e   member   71  in   t h e   o p p o s i t e   d i r e c t i o n .   H o w e v e r ,   t h i s  

t u r n i n g   of  t h e   t o r q u e   member   71  in   s a i d   o p p o s i t e   d i r e c t i o n   i s  

n o t   t r a n s m i t t e d   t h r o u g h   t h e   o n e - w a y   c l u t c h   76  t o   t h e   r o t o r   7 5  

so  t h a t   t h e   d r i l l   b i t   103  r e m a i n s   s t a t i o n a r y   d u r i n g   t h e   u p w a r d  

m o v e m e n t   of   t h e   v a l v e   17,   t h e   r o t a t i o n   of   t h e   d r i l l   b i t   1 0 3  

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

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

v a l v e   17  t h e   p r e s s u r i s e d   d r i l l i n g   mud  f l o w s   t h r o u g h   t h e   v a l v e  

17,   w h i c h   as   d e s c r i b e d   a b o v e   i s   in   i t s   o p e n   c o n d i t i o n ,   t h r o u g h  

t h e   h o l l o w   t o r q u e   member   71  and  t h e   h o l l o w   r o t o r   75  and  i s  

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

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

b o r e   h o l e   110  ( F i g .   1)  b e i n g   f o r m e d   by  t h e   d r i l l   b i t   1 0 3 .  

W h i l e   t h e   d r i l l   b i t   103  i s   b e i n g   o p e r a t i v e l y   t u r n e d   f l u s h i n g  

j e t s   of  d r i l l i n g   mud  a r e ,   of  c o u r s e ,   a l s o   d i s c h a r g e d   t h r o u g h  

t h e   b o r e s   in  t h e   d r i l l   b i t   103  u n d e r   t h e   i n f l u e n c e   of  t h e  

d o w n w a r d   m o v e m e n t   of   t h e   v a l v e   17  w h i c h   i s   in   i t s   c l o s e d  

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

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

and  v o l u m e   f l u s h i n g   j e t s   of   d r i l l i n g   mud  w h i l e   t h e   v a l v e   17  i s  

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

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

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

mud  j e t s   w i t h   a  r e s u l t a n t   r e d u c t i o n   i n   t h e   c l e a n i n g   a c t i o n   o n  

t h e   b o t t o m   of   t h e   b o r e   h o l e   110  b e i n g   d r i l l e d   i s   s u b s t a n t i a l l y  

m i n i m i z e d .  



F i g s .   12,   13  and  14  show  a  m o d i f i e d   form  of   a  p o r t i o n   of  t h e  

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

w i t h   p a r t i c u l a r   r e f e r e n c e   to   F i g s .   1  to  11.  F i g .   12  s u b -  

s t a n t i a l l y   c o r r e s p o n d s   to   F i g .   4,  and  as  w i l l   be  n o t e d   in  t h i s  

m o d i f i e d   f o rm  of  t h e   p r e f e r r e d   e m b o d i m e n t   t h e   s t u d s   63  and  t h e  

a s s o c i a t e d   r o l l e r s   64  a r e   o m i t t e d ,   and  i n s t e a d   an  e n d l e s s   b a l l  

b e a r i n g   t r a c k   or  p r e f e r a b l y   a  p l u r a l i t y   of   a n g u l a r l y   s p a c e d  

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

shown  in  F i g .   13,  e a c h   of   t h e s e   e n d l e s s   b a l l   b e a r i n g   t r a c k s  

c o m p r i s e s   one  of  t h e   a x i a l l y   d i s p o s e d   g r o o v e s   66  in  t h e   s u b  

10C  and  an  a x i a l l y   d i s p o s e d   f i r s t   g r o o v e   111  in   t h e   e x t e n s i o n  

member   62  of  t h e   f i r s t   v a l v e   member   18,  t h i s   f i r s t   g r o o v e   1 1 1  

b e i n g   a l i g n e d   w i t h   t h e   g r o o v e   66  w i t h   t h e s e   a l i g n e d   g r o o v e s  

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

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

g r o o v e   112  in   t h e   e x t e n s i o n   member   62.  The  e n d s   of  t h e  

g r o o v e s   111 ,   112  in   t h e   e x t e n s i o n   member  62  a r e   i n t e r c o n n e c t e d  

as  shown  a t   113 ,   and  a  p l u r a l i t y   of  f r e e l y   m o v a b l e   b a l l  

b e a r i n g s   114  a r e   d i s p o s e d   in   t h e   b a l l   b e a r i n g   t r a c k .  

S i n c e   t h e   f r e e l y   m o v a b l e   b a l l   b e a r i n g s   114  d i s p o s e d   w i t h i n  

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

p o s e d   p a r t i a l l y   in  t h e   g r o o v e   111  in  t h e   e x t e n s i o n   member   62  

and  p a r t i a l l y   in  t h e   g r o o v e   66  in  t he   sub  10C  t h e   f i r s t   v a l v e  

member   18  i s   t h e r e b y   r e s t r a i n e d   a g a i n s t   r o t a t i o n   d u r i n g  

o p e r a t i v e   u p w a r d   and  d o w n w a r d   m o v e m e n t   of   t h e   v a l v e   17,   t h e  

b a l l   b e a r i n g s   114  o p e r a t i v e l y   r e t u r n i n g   a l o n g   t h e   g r o o v e   1 1 2  

w h i c h   i s   w h o l l y   in  t h e   e x t e n s i o n   member  62  and   w h i c h   c o n s t i -  

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

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

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

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

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

f o r   o p e r a t i v e l y   t u r n i n g   t h e   t o r q u e   member  71  d u r i n g   u p w a r d   a n d  



d o w n w a r d   m o v e m e n t   of  t h e   f i r s t   v a l v e   member   18.   T h e s e   e n d l e s s  

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

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

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

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

in   e a c h   e n d l e s s   b a l l   b e a r i n g   t r a c k   t h e   g r o o v e   70  in  t h e   t o r q u e  

m e m b e r   71  i s   h e l i c a l l y   d i s p o s e d   and  t h e   a l i g n e d   g r o o v e   1 1 1 '  

w h i c h   i s   p r o v i d e d   in  t h e   e x t e n s i o n   member   62  i s   c o r r e s p o n d i n g l y  

h e l i c a l l y   d i s p o s e d .   The  h e l i c a l l y   d i s p o s e d   g r o o v e s   70  in  t h e  

t o r q u e   member   71  c o n s t i t u t e   t h e   f i r s t   c o u p l i n g   means   and  t h e  

a l i g n e d   g r o o v e s   111*  in   t h e   e x t e n s i o n   member   62  c o n s t i t u t e   t h e  

s e c o n d   c o u p l i n g   m e a n s ,   w i t h   t h e   b a l l   b e a r i n g s   114 '   c o n s t i t u t i n g  

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

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

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

R e f e r r i n g   now  to   F i g s .   15  and   16  w h i c h   show  a  f u r t h e r   m o d i f i e d  

f o r m   of   t h e   p r e f e r r e d   e m b o d i m e n t ,   i t   w i l l   be  n o t e d   t h a t   i n  

t h i s   f u r t h e r   m o d i f i e d   f o r m   t h e   s t u d s   63  and  t h e   a s s o c i a t e d  

r o l l e r s   64  a r e   r e p l a c e d   by  an  a x i a l   s p l i n e   115  m o u n t e d   in  t h e  

e x t e n s i o n   member   62  and  w h i c h   i s   s l i d a b l y   d i s p o s e d   w i t h i n   t h e  

a x i a l   g r o o v e   66  f o r m e d   in   t h e   sub   10C  t h e r e b y   to   p r e v e n t  

r o t a t i o n   of  t h e   f i r s t   v a l v e   member   18  d u r i n g   u p w a r d   and  d o w n -  

w a r d   m o v e m e n t   of  t h e   v a l v e   17 .   F u r t h e r m o r e ,   t h e   f i r s t   c o u p l i n g  

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

a n g u l a r l y   s p a c e d   h e l i c a l   r i b s   116  p r e s e n t e d   by  t h e   t o r q u e  

member   71,   e a c h   of  t h e s e   r i b s   116  b e i n g   s l i d a b l y   d i s p o s e d  

w i t h i n   an  a l i g n e d   h e l i c a l   g r o o v e   117  w h i c h   i s   p r o v i d e d   in  t h e  

e x t e n s i o n   member   62  and  w h i c h   c o n s t i t u t e s   t h e   s e c o n d   c o u p l i n g  

m e a n s .   A n n u l a r   s e a l s   187  b e a r i n g   a g a i n s t   t h e   member  19  a r e  

p r o v i d e d   in   r e c e s s e s   in   t h e   sub   1 0 C .  

F u r t h e r m o r e ,   as  shown  i n   F i g .   15  t h e   s p r i n g   40  may  be  r e -  

l o c a t e d   t o   s u r r o u n d   t h e   t o r q u e   member   71  and  a c t   b e t w e e n   t h e  

l o w e r   end  of   t h e   e x t e n s i o n   member   62  and  an  u p w a r d l y   f a c i n g  

s h o u l d e r   ( n o t   shown)  p r e s e n t e d   by  t h e   sub   10C,  in  o r d e r   t o  



p r o v i d e   s a i d   u p w a r d   u r g i n g   of  t h e   f i r s t   v a l v e   member   1 8 .  

R e f e r r i n g   to   F i g .   17  w h i c h   shows  a  m o d i f i e d   fo rm  of  t h e   o n e -  

way  c l u t c h   76,  i t   w i l l   be  n o t e d   t h a t   t h e   s p r i n g   80,  t h e   s c r e w  

81  and  t h e   s l o t   82  as  h e r e i n b e f o r e   d e s c r i b e d   w i t h   r e f e r e n c e   t o  

F i g .   5  a r e   o m i t t e d ,   and  i n s t e a d   a  c o i l   s p r i n g   176  i s   c o n n e c t e d  

b e t w e e n   t h e   c a g e   77  and  t h e   u p p e r   end  p o r t i o n   74  of  t h e   r o t o r  

75  in  o r d e r   r e s i l i e n t l y   to   m a i n t a i n   t h e   c l u t c h   76  in   t h e   c o n -  

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

176  b e i n g   d i s p o s e d   w i t h i n   an  a n n u l a r   r e c e s s   177  in   t h e   u p p e r  
end  of  t h e   u p p e r   end  p o r t i o n   74  of  t h e   r o t o r   75.   An  a n n u l a r  

s l e e v e   178  i s   m o u n t e d   on  t h e   t o r q u e   member   71  by  means   of  a  

c l i p   179 ,   t h e   s l e e v e   178  e x t e n d i n g   d o w n w a r d l y   w i t h i n   t h e   u p p e r  
end  p o r t i o n   74  of  t h e   r o t o r   7 5 .  

F u r t h e r m o r e ,   t h e   l o w e r   end   of  t h e   l o w e r   end  p o r t i o n   73  of  t h e  

t o r q u e   member   71  and  t h e   a d j a c e n t   f a c e   of  t h e   r o t o r   75  a r e   o f  

c o m p l e m e n t a r y   c o n i c a l   f o r m   as  i n d i c a t e d   by  t h e   r e f e r e n c e  

n u m e r a l   180 ,   w h e r e b y   d u r i n g   d o w n w a r d   o p e r a t i v e   m o v e m e n t   of  t h e  

v a l v e   17  t h e   i n t e r e n g a g e m e n t   b e t w e e n   t h e   f i r s t   and  s e c o n d  

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

member   71  w h i c h   c a u s e s   t h e   c o n i c a l   l o w e r   end  of   t h e   l o w e r   e n d  

p o r t i o n   73  of  t h e   t o r q u e   member   71  to   be  u r g e d   i n t o   m a t i n g  

f r i c t i o n a l   e n g a g e m e n t   w i t h   t h e   c o n i c a l   f a c e   of  t h e   r o t o r   7 5 .  

T h i s   a s s i s t s   in  t h e   d r i v e n   t u r n i n g   of  t h e   r o t o r   75  by  t h e  

t o r q u e   member   71  t h r o u g h   t h e   o n e - w a y   c l u t c h   76.   D u r i n g   u p w a r d  

o p e r a t i v e   m o v e m e n t   of   t h e   v a l v e   17  t h e   i n t e r e n g a g e m e n t   b e t w e e n  

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

on  t h e   t o r q u e   member   71  w h i c h   c a u s e s   t h e   c o n i c a l   l o w e r   end  o f  

t h e   l o w e r   end  p o r t i o n   73  of  t h e   t o r q u e   member   71  to   be  m o v e d  

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

t h e   r o t o r   75  so  t h a t   t h e   r o t o r   75  i s   n o t   d r i v e n   by  t h e   t o r q u e  
member   7 1 .  

In  t h e   m o d i f i e d   fo rm  of  t h e   o n e - w a y   c l u t c h   76  i l l u s t r a t e d   i n  

F i g s .   18  to   21,  i n c l u s i v e ,   t h e   a d j a c e n t   a n n u l a r   f a c e s   of  t h e  



u p p e r   end  p o r t i o n   74  of  t h e   h o l l o w ,   c y l i n d r i c a l   r o t o r   75  a n d  

t h e   s u r r o u n d i n g   l o w e r   end  p o r t i o n   73  of  t h e   t o r q u e   member   71 

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

p r e f e r a b l y   a  p l u r a l i t y   of  l o n g i t u d i n a l l y   e x t e n d i n g ,   a n g u l a r l y  

.  s p a c e d   g r o o v e s   181 ,   a  p l u r a l i t y   of  f i r s t   a n n u l a r   c l u t c h   p l a t e s  

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

p l a t e s   183  b e i n g   d i s p o s e d   b e t w e e n   end  r i n g s   184  w i t h   t h e   o u t e r  

e d g e s   o f   t h e   p l a t e s   182  h a v i n g   t e e t h   185  w h i c h   e n g a g e   w i t h i n  

t h e   g r o o v e s   181  in   t h e   l o w e r   end  p o r t i o n   73  of  t h e   t o r q u e  

m e m b e r   71  and  t h e   i n n e r   e d g e s   of   t h e   p l a t e s   183  h a v i n g   t e e t h  

186  w h i c h   e n g a g e   w i t h i n   t h e   g r o o v e s   181  in   t h e   u p p e r   e n d  

p o r t i o n   74  of  t h e   r o t o r   75 .   Thus   d u r i n g   d o w n w a r d   o p e r a t i v e  

m o v e m e n t   of   t h e   v a l v e   17  t h e   d o w n w a r d   f o r c e   on  t h e   t o r q u e  

m e m b e r   71  c a u s e s   t h e   p l a t e s   1 8 2 ,   183  to   be  u r g e d   i n t o   m a t i n g  

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

r o t o r   75  by  t h e   t o r q u e   member   71  t h r o u g h   t h e   o n e - w a y   c l u t c h  

76,   w h i l e   d u r i n g   u p w a r d   o p e r a t i v e   m o v e m e n t   of   t h e   v a l v e   17  

t h e   u p w a r d   f o r c e   on  t h e   t o r q u e   member   71  r e m o v e s   t h e   m a t i n g  

f r i c t i o n a l   e n g a g e m e n t   b e t w e e n   t h e   p l a t e s   182 ,   183  so  t h a t   t h e  

r o t o r   75  i s   n o t   d r i v e n   by  t h e   t o r q u e   member   7 1 .  

R e f e r r i n g   now  to   F i g s .   22  to   26 ,   i n c l u s i v e ,   in   w h i c h   t h e r e   i s  

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

to   an  a l t e r n a t i v e   p r e f e r r e d   e m b o d i m e n t   of  t h e   i n v e n t i o n ,   t h e  

f i r s t   v a l v e   member   18  of  t h e   v a l v e   17  of  t h i s   a l t e r n a t i v e  

p r e f e r r e d   e m b o d i m e n t   c o m p r i s e s   a  c y l i n d r i c a l   member   118  on  t h e  

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

t u b u l a r   member   119 .   The  u p p e r   end   p o r t i o n   of  t h e   member   1 1 8  

h a s   s c r e w   t h r e a d e d l y   c o n n e c t e d   t h e r e t o   a  s l e e v e   p o r t i o n   120  o f  

a  b r a c k e t   121  w h i c h   a l s o   c o m p r i s e s   p a r a l l e l   d i a m e t r i c a l l y  

o p p o s e d   a rms   122  e x t e n d i n g   a x i a l l y   u p w a r d s   f rom  t h e   s l e e v e  

p o r t i o n   120  and  t h e   u p p e r   e n d s   of   w h i c h   a r e   c o n n e c t e d   by  r a d i a l  

a r m s   123  t o   a  c e n t r a l l y   d i s p o s e d ,   i n t e r n a l l y   s c r e w   t h r e a d e d  

b o s s   1 2 4 .   The  l o w e r   end  of   a  s h a f t   125  i s   s c r e w - t h r e a d e d l y  

d i s p o s e d   t h r o u g h   t h i s   b o s s   124  and  i s   s e c u r e d   t h e r e b y   by  a  

l o c k   n u t   1 2 6 .  



The  s e c o n d   v a l v e   member   20  o f   t h e   v a l v e   17  c o m p r i s e s   a  m e m b e r  

127  h a v i n g   a  d o w n w a r d l y   p r o j e c t i n g   c e n t r a l   rod   p o r t i o n   128  o n  

w h i c h   i s   m o u n t e d   a  t u b u l a r   s l e e v e   129  h a v i n g   a  p l u r a l i t y   o f  

s a y ,  t h r e e   r a d i a l   a rms  130  on  w h i c h   t h e   member   118  of  t h e   f i r s t  

v a l v e   member   18  i s   s l i d a b l y   m o u n t e d   t h e r e b y   to   g u i d e   t h e  

member  118  d u r i n g   o p e r a t i v e   a x i a l   m o v e m e n t   of  t h e   f i r s t   v a l v e  

member   18  r e l a t i v e   to   t h e   s e c o n d   v a l v e   member   20.  The  u p p e r  

end  p o r t i o n   of   t h e   member   127  i s   in   t h e   fo rm  of   a  s h o r t  

c y l i n d r i c a l   s t u b   131 ,   two  d i a m e t r i c a l l y   o p p o s e d   and  a x i a l l y  

e x t e n d i n g   l i m b   p o r t i o n s   132  of   a  s l e e v e   member   133  b e i n g  

m o u n t e d   on  t h e   s t u b   131  and   b e i n g   c o n n e c t e d   t h e r e t o   by  m e a n s  

of  a  t r a n s v e r s e l y   e x t e n d i n g   p i n   134 .   The  u p p e r   end  p o r t i o n   o f  

t h e   s l e e v e   133  p r e s e n t s   a  d o w n w a r d   d i r e c t e d   s h o u l d e r   135 ,   w i t h  

a  r e l a t i v e l y   l i g h t   s p r i n g   136  b e i n g   m o u n t e d   on  t h e   s h a f t   1 2 5  

b e t w e e n   t h i s   s h o u l d e r   135  and  t h e   u p p e r   f a c e   of   t h e   b o s s   1 2 4 .  

As  in   t h e   c a s e   of   t h e   p r e f e r r e d   e m b o d i m e n t   h e r e i n b e f o r e  

d e s c r i b e d   w i t h   p a r t i c u l a r   r e f e r e n c e   to   F i g s .   1  t o   11 ,   i n c l u s i v e ,  

a  c o i l   c o m p r e s s i o n   s p r i n g   137  a c t s   on  t h e   s h a f t   125  u p w a r d l y  

to   u r g e   t h e   f i r s t   v a l v e   member   18.   T h i s   s p r i n g   137  a c t s  

b e t w e e n   a  c o l l a r   138  and  t h e   u p p e r   end  f a c e   of  a  member   1 3 9  

t h e   l o w e r   end  p o r t i o n   of   w h i c h   p r e s e n t s   an  a n n u l a r   f l a n g e   1 4 0  

w i t h   t h e   o u t e r   end  p o r t i o n   1 4 1 ,   t h i s   f l a n g e   140  b e i n g   r a d i a l l y  

d i s p o s e d   and  b e i n g   o p e r a t i v e l y   c l a m p e d   b e t w e e n   a  s h o u l d e r   1 4 2  

and  a  s l e e v e   143 .   The  c o l l a r   138  i s   m o u n t e d   on  t h e   s h a f t   1 2 5  

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

s p r i n g   s u p p o r t   member   41  on  t h e   s h a f t   32,  and  c o r r e s p o n d i n g  

r e f e r e n c e   n u m e r a l s   a r e   u s e d   to   d e n o t e   c o r r e s p o n d i n g   p a r t s .  
Be low  t h e   s l e e v e   143  i s   a  l i n e r   144  t h e   l o w e r   end  p o r t i o n   o f  

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

d i n g   s l o t   or  p r e f e r a b l y   a  p l u r a l i t y   of  a x i a l l y   e x t e n d i n g ,  

a n n u l a r l y   s p a c e d   s l o t s   145 ,   t h e   p u r p o s e   of   w h i c h   i s   h e r e i n a f t e r  

more   f u l l y   e x p l a i n e d .   I n s t e a d   of  t h e   c o l l a r   72  t h e   u p p e r   e n d  

of   t h e   t o r q u e   member   71  i s   p r o v i d e d   w i t h   a  s h o c k   a b s o r b e r  

a s s e m b l y   w h i c h   may  be  a  m u l t i - s t a g e   a s s e m b l y   c o m p r i s i n g ,   a s  
shown  in  F i g .   21,   a  s p r i n g   146  d i s p o s e d   w i t h i n   an  e n l a r g e d  

d i a m e t e r   c h a m b e r   147  in   t h e   u p p e r   end  p o r t i o n   of  t h e   h o l l o w  



t o r q u e   m e m b e r   71 ,   t h i s   s p r i n g   146  b e i n g   b e t w e e n   a  p l a t e   1 7 2  

a t   t h e   b o t t o m   of   t h e   c h a m b e r   147  and  t h e   b a s e   148  of  a  c y l i n -  

d r i c a l   cup   149  s l i d a b l y   m o u n t e d   w i t h i n   t h e   c h a m b e r   147 .   A 

f u r t h e r   s p r i n g   150  i s   d i s p o s e d   w i t h i n   t h e   cup   149  b e t w e e n   t h e  

b a s e   148  and   a  p l u g   151  s l i d a b l y   m o u n t e d   in   t h e   cup  1 4 9 ,   a  

t r a n s v e r s e   p i n   152  b e i n g   d i s p o s e d   t h r o u g h   t h e   b a s e   148  of   t h e  

cup   149  w i t h   t h e   e n d s   o f   t h e   p i n   152  in   a x i a l l y   e l o n g a t e d  

s l o t s   153  in  t h e   u p p e r   end  p o r t i o n   of   t h e   t o r q u e   member   7 1  

t h e r e b y   t o   l i m i t   s l i d a b l e   m o v e m e n t   of   t h e   cup   149  w i t h i n   t h e  

u p p e r   end  p o r t i o n   of   t h e   t o r q u e   member   71,   and  a  f u r t h e r  

t r a n s v e r s e   p i n   154  b e i n g   d i s p o s e d   t h r o u g h   t h e   p l u g   151  w i t h  

t h e   e n d s   o f   t h e   p i n   154  in   a x i a l l y   e l o n g a t e d   s l o t s   155  i n  

t h e   cup   149  t h e r e b y   l i k e w i s e   to   l i m i t   s l i d a b l e   m o v e m e n t   o f  

t h e   p l u g   151  w i t h i n   t h e   cup  149 .   The  s p r i n g s   146 ,   145  m a y  

be  of   t h e   B e l l e v i l l e   t y p e .   B e l o w   t h e   s l e e v e   p o r t i o n   1 2 0  

o f   t h e   b r a c k e t   121  t h e r e   i s   m o u n t e d   on  t h e   member   118  a  

p l u r a l i t y   o f   p i s t o n   r i n g s   156  in   s l i d i n g   c o n t a c t   w i t h   t h e  

l i n e r   1 4 4 ,   and   a  b y p a s s   p o r t   o r   p r e f e r a b l y   a  p l u r a l i t y   o f  

a n g u l a r l y   s p a c e d   b y p a s s   p o r t s   157  i s   p r o v i d e d   in   t h e   m e m b e r  

118  b e l o w   t h e   p i s t o n   r i n g s   156 .   A n n u l a r   w e a r   r i n g s   188  a r e  

m o u n t e d   on  t h e   m e m b e r   118  b e l o w   t h e   p o r t s   1 5 7 .  

The  member   139  i s   s c r e w   t h r e a d e d l y   c o n n e c t e d   t o   t h e   l o w e r   e n d  

p o r t i o n   o f   a  s l e e v e   158  t h e   u p p e r   end  p o r t i o n   of   w h i c h   i s  

s c r e w   t h r e a d e d l y   c o n n e c t e d   t o   a  p l u g   member   159 ,   w i t h   t h e  

s l e e v e   158  c o n s t i t u t i n g   a  c a s i n g   w i t h i n   w h i c h   t h e   s p r i n g   1 3 7  

i s   d i s p o s e d   t h e r e b y ,   in   t h i s   p r e f e r r e d   e m b o d i m e n t ,   t o  

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

t h e   s p r i n g   137  d u r i n g   t h i s   a s s e m b l y   and  d i s a s s e m b l y   of   t h e  

t o o l .   By  r e p l a c i n g   a  s c r e w   160  in   t h e   p l u g   member   159  w i t h  

a  l o n g e r   s c r e w   155  t h i s   l o n g e r   s c r e w   may  be  c a u s e d   t o   o p e r a t e  

on  t h e   u p p e r   end   o f   t h e   s h a f t   125  t h e r e b y   t o   move  t h e   s h a f t  

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

137  f r o m   t h e   s h a f t   125 .   By  t h e n   s e p a r a t i n g   t h e   s u b s   10A,  10B 

and  r e m o v i n g   t h e   l o c k   n u t   126  t h e   s h a f t   125  may  be  d i s c o n n e c -  

t e d   f r o m   t h e   b o s s   124  i n   o r d e r   c o n v e n i e n t l y   t o   r e p l a c e   t h e  

a s s e m b l y   c o m p r i s i n g   t h e   s h a f t   125 ,   t h e   member   139 ,   t h e  



s l e e v e   158 ,   t h e   p l u g  m e m b e r   159 ,   t h e   c o l l a r   138  and  t h e   s p r i n g  

137 ,   w r e n c h   f l a t s   161  f o r m e d   on  t h e   s h a f t   125  b e i n g   e x p o s e d  

when  t h e   s h a f t   125  i s   moved  d o w n w a r d l y   as  d e s c r i b e d   a b o v e   f o r  

e n g a g e m e n t   by  a  s u i t a b l e   f o rm  of  w r e n c h   (no t   shown)   t o  

f a c i l i t a t e   u n s c r e w i n g   of  t h e   s h a f t   125  f rom  t h e   b o s s   1 2 4 ,  

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

F i g s .   22  to   26,   i n c l u s i v e ,   p r e s s u r i z e d   d r i l l i n g   mud  or   o t h e r  

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

e m b o d i m e n t   h e r e i n b e f o r e   d e s c r i b e d   w i t h   r e f e r e n c e   to   F i g s .   1 

to   11,  i n c l u s i v e ,   c o n t i n u o u s l y   pumped   down  t h e   d r i l l   s t r i n g  

11  and  e l o n g a t e d   h o l l o w   h o u s i n g   10,   t h i s   p r e s s u r i z e d   d r i l l i n g  

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

o p e n i n g s   162  in   t h e   f l a n g e   140  of   t h e   member  139  a n d ,   w i t h  

t h e   v a l v e   17  in   i t s   c l o s e d   c o n d i t i o n   shown  in  F i g .   23 ,   a c t i n g  

on  t h e   v a l v e   17  to   move  t h e   v a l v e   17  d o w n w a r d l y   w i t h i n   t h e  

h o u s i n g   1 0 .  

As  h e r e i n b e f o r e   d e s c r i b e d   w i t h   r e f e r e n c e   to   F i g s .   1  t o   l l ,  

i n c l u s i v e ,   12 ,   13  and  14,  or   15  and   16,   t h i s   d o w n w a r d   m o v e m e n t  

of   t h e   v a l v e   17  c a u s e s   t u r n i n g   o f   t h e   t o r q u e   member   71  in   s a i d  

one  d i r e c t i o n   w i t h   r e s u l t a n t   t u r n i n g   of  t h e   r o t o r   75  and  t h e  

d r i l l   b i t   103  t h r o u g h   t h e   o n e - w a y   c l u t c h   7 6 .  

When  t h e   l o w e r   end  of  t h e   r o d   p o r t i o n   128  of  t h e   s e c o n d   v a l v e  

member  20  c o n t a c t s   t h e   p l u g   151  t h i s   p l u g   151  i s   u r g e d   d o w n -  

w a r d s   a g a i n s t   t h e   i n f l u e n c e   of   t h e   s p r i n g   150  and  t h e   cup  1 4 9  

t o g e t h e r   w i t h   t h e   p l u g   151  i s   t h e n   u r g e d   d o w n w a r d s   a g a i n s t  

t h e   i n f l u e n c e   o f   t h e   s p r i n g   1 4 6 ,   t h e r e b y   a r r e s t i n g   t h e   d o w n w a r d  

m o v e m e n t   of   t h e   s e c o n d   v a l v e   m e m b e r   20  in   a  c u s h i o n e d   m a n n e r .  

C o n t i n u e d   d o w n w a r d   movemen t   of   t h e   f i r s t   v a l v e   m e m b e r   18  

r e s u l t s   i n   o p e n i n g   of  t h e   v a l v e   17  ( F i g .   2 6 ) ,   as  h e r e i n b e f o r e  

d e s c r i b e d   w i t h   r e f e r e n c e   to   F i g s .   1  to   1 1 ,  i n c l u s i v e ,  

As  t h e   d o w n w a r d   m o v e m e n t   of  t h e   s e c o n d   v a l v e   member   20  i s   b e i n g  

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

s p r i n g s   146 ,   150  t h e   u p p e r m o s t   of   t h e   p i s t o n   r i n g s   156  p a s s e s  



b e l o w   t h e   u p p e r   e n d s   of   t h e   s l o t s   145  in   t h e   l i n e r   144 ,   w h e r e -  

upon   t h e   h i g h   p r e s s u r e   d r i l l i n g   mud  f l o w s   a r o u n d   t h e   v a l v e   1 7 ,  

i n t o   t h e s e   s l o t s   145  and  t h r o u g h   t h e   b y p a s s   p o r t s   157  to   a c t  

on  t h e   d o w n s t r e a m   s i d e   of  t h e   v a l v e   17.   T h i s   e q u a l i z a t i o n   o f  

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

of   t h e   v a l v e   17  f u r t h e r   a s s i s t s   in   a r r e s t i n g   t h e   d o w n w a r d  

m o v e m e n t   o f   t h e   v a l v e   1 7 .  

The  v a l v e   17  i s   t h e n   moved  u p w a r d s   i n   t h e   h o u s i n g   10  u n d e r   t h e  

i n f l u e n c e   o f   t h e   s p r i n g   137  w h i c h   h a s ,   of  c o u r s e ,   b e e n   c o m -  

)  p r e s s e d   d u r i n g   t h e   d o w n w a r d   m o v e m e n t   of   t h e   v a l v e   17  as  i n  

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

r e f e r e n c e   t o   F i g s .   1  t o   11,  i n c l u s i v e .   D u r i n g   t h i s   u p w a r d  

m o v e m e n t   o f   t h e   v a l v e   17,   t h e   v a l v e   17  i s   of  c o u r s e   m a i n t a i n e d  

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

5  l i g h t   s p r i n g   1 3 6 .   When  t h e   u p p e r   end   of   t h e   s l e e v e   133  of  t h e  

s e c o n d   v a l v e   member   20  c o n t a c t s   a  r e s i l i e n t l y   d e f o r m a b l e   r i n g  

163  d i s p o s e d   b e t w e e n   t h e   u p p e r   end   o f   t h e   s l e e v e   133  and  t h e  

m e m b e r   139  t h e   s e c o n d   v a l v e   m e m b e r   20  i s   t h e r e b y   r e s t r a i n e d  

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

)  m o v e m e n t   o f   t h e   s e c o n d   v a l v e   m e m b e r   20  b e i n g   c u s h i o n e d   by  t h e  

r e s i l i e n t l y   d e f o r m a b l e   r i n g   1 6 3 .   H o w e v e r ,   u n d e r   t h e   i n f l u e n c e  

o f   t h e   s p r i n g   137  t h e   u p w a r d   m o v e m e n t   of   t h e   f i r s t   v a l v e  

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

s p r i n g   1 3 6 ,   u n t i l   t h e   v a l v e   17  i s   a g a i n   in  i t s   c l o s e d  

5  c o n d i t i o n   ( F i g .   2 3 ) ,   w h e r e u p o n   t h e   a b o v e - d e s c r i b e d   c y c l e   o f  

o p e r a t i o n s   i s   r e p e a t e d .  

D u r i n g   t h e   a b o v e - d e s c r i b e d   u p w a r d   m o v e m e n t   of  t h e   v a l v e   17  t h e  

t o r q u e   m e m b e r   71  i s   t u r n e d   in   t h e   o p p o s i t e   d i r e c t i o n   w i t h ,   a s  

a  r e s u l t   o f   t h e   o n e - w a y   c l u t c h   76 ,   t h e   r o t o r   75  and   t h e   d r i l l  

0  b i t   103  b e i n g   s t a t i o n a r y   as   i s   f u l l y   d e s c r i b e d   h e r e i n b e f o r e  

w i t h   r e f e r e n c e   t o   t h e   p r e f e r r e d   e m b o d i m e n t   of  F i g s .   1  to   1 1 ,  

i n c l u s i v e ,   t h e   r o t a t i o n   o f   t h e   d r i l l   b i t   103  t h u s   a g a i n   b e i n g  
i n t e r m i t t e n t   d u r i n g   o p e r a t i o n   of   t h e   t o o l ,   and  h i g h   p r e s s u r e  
and   v o l u m e   d r i l l i n g   mud  f l u s h i n g   j e t s   a g a i n   s e r v i n g   to   p r o v i d e  



i m p r o v e d   c l e a n i n g   of  t h e   b o t t o m   of   t h e   b o r e   h o l e   110  b e i n g  

d r i l l e d   by  t h e   d r i l l   b i t   103  w h i l e   t h e   d r i l l   b i t   103  i s  

s t a t i o n a r y .  

R e f e r r i n g   to   F i g .   27  w h i c h   shows   a  m o d i f i e d   fo rm  of   t h e  

a s s e m b l y   i n c o r p o r a t i n g   t h e   s p r i n g   137 ,   t h i s   m o d i f i e d   a s s e m b l y  

c o m p r i s e s   a  c y l i n d e r   164  w h i c h   i s   s c r e w - t h r e a d e d l y   c o n n e c t e d  

to   t h e   member   1 3 9 .   The  u p p e r   end  p o r t i o n   of   t h e   c y l i n d e r   1 6 4  

i s   c l o s e l y   s p a c e d   f rom  t h e   i n n e r   w a l l   of  t h e   sub  10A  t o  

p r o v i d e   a  r e s t r i c t e d   a n n u l a r   t h r o a t   165  and  t h i s   t h r o a t   1 6 5  

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

of   t h e   c y l i n d e r   164  t h r o u g h   a  p o r t   or   p r e f e r a b l y   a  p l u r a l i t y  

of   a n g u l a r l y   s p a c e d   p o r t s   166 .   W i t h i n   t h e   c y l i n d e r   164  i s  

s l i d a b l y   m o u n t e d   a  p i s t o n   167  t o   w h i c h   t h e   u p p e r   end  of   t h e  

s h a f t   125  i s   s c r e w   t h r e a d e d l y   c o n n e c t e d ,   t h e   s h a f t   125  b e i n g  

s e a l e d   r e l a t i v e   t o   t h e   p i s t o n   167  by  an  O - r i n g   168 ,   and  p i s t o n  

r i n g s   169  t o g e t h e r   w i t h   a  w e a r - r i n g   170  b e i n g   m o u n t e d   on  t h e  

p i s t o n   167  i n   s l i d i n g   c o n t a c t   w i t h   t h e   i n n e r   w a l l   of  t h e  

c y l i n d e r   1 6 4 .  

An  o p e n i n g   o r   a n g u l a r l y   s p a c e d   o p e n i n g s   171  a r e   p r o v i d e d   i n  

t h e   c y l i n d e r   164  b e l o w   t h e   p i s t o n   167 ,   so  t h a t   in   o p e r a t i o n  

h i g h   p r e s s u r e   d r i l l i n g   mud  p a s s e s   t h r o u g h   t h e s e   o p e n i n g s   1 7 1  

and  a c t s   on  t h e   p i s t o n   167  u p w a r d l y   to   u r g e   t h e   p i s t o n   1 6 7  

and  h e n c e   a l s o   t h e   s h a f t   125 ,   t h e   h i g h   p r e s s u r e   d r i l l i n g   m u d  

as  i t   f l o w s   t h r o u g h   t h e   r e s t r i c t e d   a n n u l a r   t h r o a t   165  c r e a t i n g  

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

u p p e r   end  p o r t i o n   of   t h e   i n t e r i o r   of   t h e   c y l i n d e r   164  a b o v e  

t h e   p i s t o n   1 6 7 .  

T h u s ,   t h i s   m o d i f i e d   f o rm  of  F i g .   22  s e r v e s   u p w a r d l y   t o   u r g e  
t h e   s h a f t   1 2 5 ,   and  in   some  c a s e s   t h i s   m o d i f i e d   f o r m   of  F i g ,   2 2  

)  may  be  p r e f e r a b l e   t o   t h e   a s s e m b l y   i n c o r p o r a t i n g   t h e   s p r i n g   1 3 7  

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

t h e   s p r i n g   1 3 7 .  

In  a  f u r t h e r   a l t e r n a t i v e   e m b o d i m e n t   ( n o t   shown)   t h e   f i r s t  



c o u p l i n g   -means  c o m p r i s i n g   t h e   h e l i c a l l y   d i s p o s e d   g r o o v e s   70  

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

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

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

f i x e d l y   m o u n t e d   t h e r e o n ,   and  w i t h   t h e   t o r q u e   member   7 1  

c o n t i n u o u s l y   c o n n e c t e d   to   t h e   f i r s t   v a l v e   m e m b e r   18  by  a x i a l  

s p l i n i n g .   T h u s ,   on  d o w n w a r d   and  u p w a r d   m o v e m e n t   of  t h e   f i r s t  

v a l v e   m e m b e r   18  r e l a t i v e   t o   t h e   t o r q u e   member   71  t h e   f i r s t  

v a l v e   m e m b e r   18  and  h e n c e   a l s o   t h e   t o r q u e   member   71  i s   t u r n e d  

in   t h e   a p p r o p r i a t e   d i r e c t i o n   by  t h e   i n t e r a c t i o n   of   t h e   f i r s t  

and   s e c o n d   c o u p l i n g   m e a n s .  

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

m e m b e r   18  i s   of   c o u r s e   o p e r a t i v e l y   r o t a t e d ,   b u t   i f   t h i s   i s  

n o t   d e s i r a b l e   t h e   f i r s t   v a l v e   m e m b e r   18  c o u l d   be  c o u p l e d   t o  

an  i n t e r m e d i a t e   member   t h r o u g h   a  c o n n e c t i o n   s u c h   t h a t   t h e  

i n t e r m e d i a t e   member   and  t h e   f i r s t   v a l v e   member   18  o p e r a t i v e l y  

move  u p w a r d l y   and  d o w n w a r d l y   as   a  u n i t ,   b u t   w i t h   t h e   i n t e r -  

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

m e m b e r   1 8 .   In   t h i s   c a s e   t h e   f i r s t   c o u p l i n g   m e a n s   w i t h   w h i c h  

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

c o m p r i s e s   t h e   h e l i c a l l y   d i s p o s e d   g r o o v e s   70  i s   p r o v i d e d   in   t h e  

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

t o r q u e   member   71  i s   w i t h   t h e   i n t e r m e d i a t e   m e m b e r .  

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

m e a n s   f o r   u p w a r d   u r g i n g   of   t h e   v a l v e   17  as  shown  in   F i g .   27  

may  be   s u b s t i t u t e d   in  t h e   p r e f e r r e d   e m b o d i m e n t   h e r e i n b e f o r e  

d e s c r i b e d   w i t h   r e f e r e n c e   t o   F i g s .   1  to   11,  i n c l u s i v e ,   or   t h e  

m o d i f i e d   f o r m s   t h e r e o f   of   F i g s .   12 ,   13  and  14,   o r   15  and  1 6 .  

A l s o ,   t h e   m o d i f i e d   f o r m s   of   t h e   o n e - w a y   c l u t c h   76  as  shown  i n  

F i g .   17  o r   F i g s .   18  to   21,   i n c l u s i v e ,   c o u l d   o f   c o u r s e   b e  

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

b e f o r e   d e s c r i b e d   w i t h   r e f e r e n c e   to   F i g s .   22  t o   26 ,   i n c l u s i v e ,  

o r   t h e   m o d i f i e d   f o r m   t h e r e o f   of   F i g .   27.   F u r t h e r m o r e ,   in   a n y  
p a r t i c u l a r   c a s e   t h e   f o r m   of   t h e   v a l v e   17  t o   be  u s e d   w i l l   b e  



a t   l e a s t   p a r t l y   d e p e n d e n t   on  t h e   d i a m e t e r   of  t h e   t o o l   and  t h e  

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

t o o l .  



1.  A  down  h o l e   d r i l l i n g   t o o l   c o m p r i s i n g   an  e l o n g a t e d  

h o l l o w   h o u s i n g   h a v i n g   a  l o n g i t u d i n a l   a x i s   and  h a v i n g   a n  

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

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

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

f i r s t   v a l v e   member   and  a  s e c o n d   v a l v e   member   m o v a b l e  

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

c o n d i t i o n   of  t h e   v a l v e   in   w h i c h   t h e   v a l v e   s u b s t a n t i a l l y  

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

h o u s i n g   p a s t   t h e   v a l v e   and   an  open   c o n d i t i o n   of  t h e   v a l v e  

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

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

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

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

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

u r g i n g   of   t h e   v a l v e   and   d u r i n g   w h i c h   t h e   v a l v e   i s   in  i t s  

c l o s e d   c o n d i t i o n   c a u s e s   a c t u a t i o n   of  t h e   v a l v e   to   i t s   o p e n  
c o n d i t i o n   when  t h e   v a l v e   a t t a i n s   i t s   l o w e r   p o s i t i o n ,   a n d  

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

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

w h i c h   t h e   v a l v e   i s   in   i t s   open   c o n d i t i o n   c a u s e s   a c t u a t i o n  

of   t h e   v a l v e   to   i t s   c l o s e d   c o n d i t i o n   when  t h e   v a l v e  

a t t a i n s   i t s   u p p e r   p o s i t i o n ,   a  t o r q u e   member   r o t a t a b l y  

m o u n t e d   w i t h i n   t h e   h o u s i n g   and  c o n t i n u o u s l y   c o u p l e d   t o   t h e  

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

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

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

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

member   and  o p e r a t i o n   r o t a t i o n   of   t h e   t o r q u e   member   in  t h e  

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

v a l v e   m e m b e r ,   a  d r i l l   b i t   r o t a t a b l y   m o u n t e d   on  and  p r o j e c -  

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

way  c l u t c h   i n t e r c o n n e c t i n g   t h e   t o r q u e   member   and  t h e   d r i l l  

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

b i t   o n l y   d u r i n g   o p e r a t i v e   r o t a t i o n   of  t h e   t o r q u e   member   i n  

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

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

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



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

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

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

d r i l l   b i t   o n l y   w h i l e   t h e   t o r q u e   member   i s   o p e r a t i v e l y  

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

v a l v e   i s   in  i t s   open   c o n d i t i o n   and  t h e   d r i l l   b i t   i s   n o n -  

r o t a t i n g .  

2.  A  down  h o l e   d r i l l i n g   t o o l   c o m p r i s i n g   an  e l o n g a t e d  

h o l l o w   h o u s i n g   h a v i n g   a  l o n g i t u d i n a l   a x i s   and  h a v i n g   a n  

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

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

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

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

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

v a l v e   member   b e t w e e n   a  c l o s e d   c o n d i t i o n   of  t h e   v a l v e   i n  

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

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

an  open   c o n d i t i o n   of  t h e   v a l v e   in  w h i c h   d o w n w a r d   f l o w   o f  

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

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

on  o p e r a t i v e   downward   m o v e m e n t   of  t h e   v a l v e   u n d e r   t h e  

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

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

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

of  t h e   v a l v e   to   i t s   open   c o n d i t i o n   when  t h e   v a l v e   a t t a i n s  

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

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

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

c o n d i t i o n   c a u s e s   a c t u a t i o n   of  t h e   v a l v e   t o   i t s   c l o s e d  

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

t o r q u e   member  r o t a t a b l y   m o u n t e d   w i t h i n   t h e   h o u s i n g  

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

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

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

t i v e   r o t a t i o n   of  t h e   t o r q u e   member  in   one  d i r e c t i o n   d u r i n g  

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

o p e r a t i v e   r o t a t i o n   of  t h e   t o r q u e   member  in  t h e   o p p o s i t e  

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

m e m b e r ,   a  d r i l l   b i t   r o t a t a b l y   m o u n t e d   on  and  p r o j e c t i n g  



d o w n w a r d l y   f r o m   t h e   l o w e r   end  01  t h e   h o u s i n g ,   a  o n e - w a y -  -  

c l u t c h   i n t e r c o n n e c t i n g   t h e   t o r q u e   member   and  t h e   d r i l l   b i t  

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

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

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

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

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

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

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

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

b i t   o n l y   w h i l e   t h e   t o r q u e   member   i s   o p e r a t i v e l y   r o t a t i n g  

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

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

3.  A  t o o l   a c c o r d i n g   to   e i t h e r   one   of  c l a i m s   I  and  2 ,  

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

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

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

t h e   f i r s t   v a l v e   member   e x t e n d s   u p w a r d l y   of  t h e   s e c o n d   v a l v e  

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

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

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

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

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

v a l v e   m e m b e r .  

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

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

d i s p o s e d .  

6.  A  t o o l   a c c o r d i n g   to   e i t h e r   one   of   c l a i m s   4  and  5 ,  

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

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

member   and  a  p l u r a l i t y   of   b a l l   b e a r i n g s ,   t h e   s p r i n g  

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

on  s a i d   u p w a r d l y   e x t e n d i n g   p o r t i o n   of   t h e   f i r s t   v a l v e  

m e m b e r ,   an  a n n u l a r   g r o o v e   b e i n g   p r o v i d e d   in  s a i d   p o r t i o n  

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

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



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

g r o o v e s ,   and  an  a n n u l a r   p o c k e t   of  a  w i d t h   to   a c c o m m o d a t e  

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

s p r i n g   s u p p o r t   m e m b e r ,   w h e r e b y   by  d o w n w a r d   m o v e m e n t   of  t h e  

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

t h e   p o c k e t   may  be  d i s p o s e d   in  a l i g n m e n t   w i t h   t h e   g r o o v e   i n  

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

a s s e m b l y   and  d i s a s s e m b l y .  

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

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

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

member   and  a c t i n g   b e t w e e n   a  l o w e r   end  of  t h e   f i r s t   v a l v e  

member   and  t h e   h o u s i n g   to   p r o v i d e   s a i d   u p w a r d   u r g i n g   o f  

t h e   f i r s t   v a l v e   m e m b e r .  

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

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

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

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

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

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

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

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

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

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

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

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

9.  A  t o o l   a c c o r d i n g   t o   any  one  of  t h e   p r e c e d i n g  

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

m e n t   means   p r e s e n t e d   by  t h e   s e c o n d   v a l v e   m e m b e r ,   a  l o w e r ,  

a x i a l l y   f i x e d   m e m b e r ,   and  an  u p p e r ,   a x i a l l y   f i x e d   m e m b e r ,  

t h e   a b u t m e n t   m e a n s   p r e s e n t e d   by  t h e   s e c o n d   v a l v e   m e m b e r  

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

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

member   when  t h e   v a l v e   a t t a i n s   i t s   l o w e r   p o s i t i o n ,   a n d  

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



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

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

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

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

member   when  t h e   v a l v e   a t t a i n s   i t s   s a i d   l o w e r   and  u p p e r  

p o s i t i o n s .  

10.   A  t o o l   a c c o r d i n g   t o   any  one   of   t h e   p r e c e d i n g  

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

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

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

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

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

p r e s s u r e s   on  t h e   v a l v e   and   t h e r e b y   p r e v e n t   f u r t h e r   d o w n w a r d  

m o v e m e n t   of   t h e   v a l v e .  

11.  A  t o o l   a c c o r d i n g   t o   any   one   of   t h e   p r e c e d i n g  

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

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

12.   A  t o o l   a c c o r d i n g   t o   any  one   of   t h e   p r e c e d i n g  

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

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

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

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

a p e r t u r e s   b e i n g   in   o v e r l a p p i n g   r e l a t i o n s h i p   when  t h e   v a l v e  

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

r e l a t i o n s h i p   when  t h e   v a l v e   i s   in   i t s   c l o s e d   c o n d i t i o n .  

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

i n t e r e n g a g e s   t h e   f i r s t   v a l v e   member   and  t h e   h o u s i n g   t o  

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

member   w i t h i n   t h e   h o u s i n g .  

14.   A  t o o l   a c c o r d i n g   t o   any  one   of   t h e   p r e c e d i n g  

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

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



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

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

p r o j e c t i o n   e n g a g e d   w i t h i n   s a i d   a t   l e a s t   one  g r o o v e   in   t h e  

t o r q u e   m e m b e r .  

15.  A  t o o l   a c c o r d i n g   to   c l a i m   14,  w h e r e i n   s a i d   a t   l e a s t  

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

member   and  h a v i n g   an  end  p o r t i o n   p r o j e c t i n g   t h e r e f r o m ,   a  

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

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

t h e   t o r q u e   member   f o r   f r e e   r o t a t i o n   t h e r e o f   a b o u t   an  a x i s  

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

g r o o v e   in  t h e   t o r q u e   m e m b e r .  

16.  A  t o o l   a c c o r d i n g   to   any   one  of  t h e   p r e c e d i n g   c l a i m s ,  

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

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

by  t h e   t o r q u e   m e m b e r ,   and  s a i d   s e c o n d   c o u p l i n g   m e a n s   p r e s e n t e d  

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

r i b   i s   m a t i n g l y   e n g a g e d .  

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

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

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

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

member  and  h a v i n g   an  end  p o r t i o n   p r o j e c t i n g   t h e r e f r o m ,   a  
r o l l e r   b e i n g   r o t a t a b l y   m o u n t e d   on  s a i d   end  p o r t i o n   of   t h e  

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

t h e   h o u s i n g   f o r   f r e e   r o t a t i o n   t h e r e o f   a b o u t   an  a x i s   s u b s t a n -  

t i a l l y   a t   r i g h t   a n g l e s   to   a  l o n g i t u d i n a l   a x i s   of   s a i d   g r o o v e  
in  t h e   h o u s i n g .  

18.  A  t o o l   a c c o r d i n g   t o   c l a i m   2,  w h e r e i n   s a i d   n o n -  

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

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

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

v a l v e   member   a l i g n e d   w i t h   s a i d   g r o o v e   in  t he   h o u s i n g   w i t h  

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



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

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

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

b e a r i n g   t r a c k ,   and  a  p l u r a l i t y   of   f r e e l y   m o v a b l e   b a l l   b e a r i n g s  

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

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

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

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

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

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

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

20.   A  t o o l   a c c o r d i n g   t o   c l a i m   19,   w h e r e i n   s a i d   f i r s t  

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

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

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

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

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

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

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

b e a r i n g   t r a c k ,   and  s a i d   i n t e r m e d i a t e   m e a n s   c o m p r i s e s   a  

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

b a l l   b e a r i n g   t r a c k .  

21.   A  t o o l   a c c o r d i n g   t o   any   one  of  t h e   p r e c e d i n g   c l a i m s ,  

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

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

way  c l u t c h   and  t h e   d r i l l   b i t ,   t h e   o n e - w a y   c l u t c h   c o m p r i s i n g  

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

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

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

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

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



22.  A  t o o l   a c c o r d i n g   to   any  one  of  c l a i m s   1  to   2 0 ,  

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

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

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

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

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

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

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

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

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

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

g r o o v i n g ,   w h e r e b y   on  o p e r a t i v e   d o w n w a r d   m o v e m e n t   of  t h e  

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

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

f o r   r o t a t i o n a l   d r i v i n g   of  t h e   r o t o r   by  t h e   t o r q u e   m e m b e r ,   a n d  

on  o p e r a t i v e   u p w a r d   m o v e m e n t   of  t h e   t o r q u e   member   d u r i n g  

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

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

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

23.  A  t o o l   a c c o r d i n g   to   any  one  of   c l a i m s   1  to   2 0 ,  

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

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

b e t w e e n   t h e   o n e - w a y   c l u t c h   and  t h e   d r i l l   b i t ,   and  an  a x i a l  

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

in  t h e   h o u s i n g   and  a t   l e a s t   one  a n n u l a r   g r o o v e   in  t h e   r o t o r ,  

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

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

b a l l   b e a r i n g   t r a c k   p a r t i a l l y   in   e a c h   of   s a i d   g r o o v e s   w h e r e b y  

d o w n w a r d   a x i a l   t h r u s t   on  t h e   h o u s i n g   i s   t r a n s m i t t e d   t h r o u g h  

t h e   b a l l   b e a r i n g s   to   t h e   r o t o r   and  t h e   d r i l l   b i t ,   an  a n n u l a r  

l i p p e d   p o c k e t   b e i n g   p r o v i d e d   in  t h e   r o t o r   a b o v e   and  i n  

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

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

t h e   r o t o r   w i t h i n   t h e   h o u s i n g .  

24.  An  a x i a l   t h r u s t   b e a r i n g   c o m p r i s i n g   a  c y l i n d r i c a l  



t u b u l a r   member   h a v i n g   an  i n n e r   f a c e ,   a  c y l i n d r i c a l   m e m b e r  

d i s p o s e d   w i t h i n   s a i d   t u b u l a r   member   and  h a v i n g   an  o u t e r   f a c e  

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

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

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

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

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

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

b a l l   b e a r i n g   t r a c k   p a r t i a l l y   in   e a c h   of   s a i d   g r o o v e s   w h e r e b y  

a x i a l   t h r u s t   on  one   of   s a i d   m e m b e r s   may  be  t r a n s m i t t e d  

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

an  a n n u l a r   l i p p e d   p o c k e t   p r o v i d e d   in   one  of  s a i d   f a c e s   o f  

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

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

d i s a s s e m b l y   of   s a i d   m e m b e r s .  

25 .   A  m e t h o d   of   a s s e m b l y   o f   an  a x i a l   t h r u s t   b e a r i n g  

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

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

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

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

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

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

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

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

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

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

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

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

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

m e m b e r s   in   c o m m u n i c a t i o n   w i t h   a  r e s p e c t i v e   one   of  t h e   g r o o v e s  

t h e r e i n ,   t h e   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  a s s e m b l i n g   t h e  

t h r u s t   b e a r i n g   w i t h   a t   l e a s t   one   of   s a i d   m e m b e r s   b e i n g  

u n h a r d e n e d   b y :  

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

a n n u l a r   p o c k e t   w i t h   t h e   l i p   t h e r e o n   u p w a r d l y   d i r e c t e d   t o  

r e t a i n   t h e   b a l l   b e a r i n g s   t h e r e i n ,  



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

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

t h e   o t h e r   of   s a i d   m e m b e r s ,  

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

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

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

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

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

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

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

one   u n h a r d e n e d   m e m b e r ,  

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

h a r d e n i n g   s a i d   a t   l e a s t   one   u n h a r d e n e d   m e m b e r ,  

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