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@)  Axial  balancing  device  for  down  hole  drilling  motors. 

@  A  downhole  drilling  motor  is  described  which  has  an  outer 
drill  casing  (11),  a  shaft  (12)  for  driving  a  drill  bit  connected 
thereto,  and  the  shaft  (  1  2)  being  rotatable  relative  to  the  casing 
(11).  A  turbine  (1  5)  is  disposed  between  the  casing  (1  1  )  and 
the  shaft  (12)  to  permit  the  shaft  (12)  to  be  rotated.  A 
pressurised  fluid  can  be  admitted  via  an  inlet  (13)  and  is 
transmitted  to  the  turbine  (15)  via  a  passage  (20)  to  effect 
operation.  The  shaft  is  provided  with  reaction  means  which 
includes  a  sleeve  (17)  mounted  on  the  shaft  (12)  and  which 

£y|  sleeve  and  shaft  have  pressure  surfaces  (23,  24)  which  can  be 
^0  acted  on  by  the  pressure  fluid  to  produce  a  force  acting  counter ~   to  the  normal  hydraulic  thrust  on  the  shaft  (12)  to  produce 
^   a  reduced  resultant  hydraulic  thrust  on  the  shaft  (12).  In  a 

preferred  arrangement,  the  reaction  member  and  thrust  bear- 
1"  ing  is  located  above  the  turbine  (15)  so  that  the  unit  can  be 
O   replaced  as  a  whole. 
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AXIAL  BALANCING  DEVICE  FOR 
DOWNHOLE  DRILLING  MOTORS 

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

As  i s   w e l l   known  in   t h e   a r t ,   a  t u r b o d r i l l   i s   a  
d o w n h o l e   d r i l l i n g   t o o l   f o r   d r i l l i n g   of   o i l   w e l l s   or   t h e  

5  l i k e   and   e s s e n t i a l l y   c o n s i s t s   of   an  o u t e r   c a s i n g   w i t h i n  

w h i c h   i s   m o u n t e d   a  r o t a t a b l e   s h a f t   c a r r y i n g   a t   i t s   l o w e r  
end   a  d r i l l   b i t   f o r   d r i l l i n g   of   t h e   w e l l .   D r i l l i n g   m u d  
i s   a r r a n g e d   to   be  f e d   a t   p r e s s u r e   i n t o   t h e   a r e a   b e t w e e n  
t h e   c a s i n g   and  t h e   s h a f t ,   t h e   d r i l l i n g   mud  p a s s i n g   d o w n  

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

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

15  The  s h a f t   i s   r o t a t a b l y   d r i v e n   w i t h i n   t h e   c a s i n g   by  a  
t u r b i n e   s e c t i o n   c o n s i s t i n g   of   a  p l u r a l i t y   of   a n n u l a r  
t u r b i n e   s t a g e s .   Each   t u r b i n e   u n i t   c o m p r i s e s   a  s t a t o r   a n d  

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

p r o f i l e   d i s p o s e d   a n n u l a r l y   a b o u t   t h e   a x i s   of   r o t a t i o n   o f  
20  t h e   s h a f t .   The  s t a t o r   n o r m a l l y   i s   f i x e d l y   l o c a t e d   in   t h e  

b o r e   of   t h e   c a s i n g   and   t h e   r o t o r   i s   f i x e d l y   a t t a c h e d   to   t h e  
r o t a t a b l e   s h a f t .   On  p a s s a g e   of   d r i l l i n g   mud,  t h e   m u d  
i n t e r a c t s   w i t h   t h e   c o - o p e r a t i n g   b l a d e s   of   t h e   s t a t o r   a n d  
r o t o r   of   e a c h   t u r b i n e   u n i t   in   o r d e r   to   c a u s e   r o t a t i o n   o f  

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

I t   w i l l   be  a p p r e c i a t e d   by  t h o s e   s k i l l e d   in   t h e   a r t  
t h a t   when  t h e   p r e s s u r i s e d   d r i l l i n g   mud  i s   s u p p l i e d   to   t h e  
t u r b i n e   s e c t i o n   of  t h e   t u r b o d r i l l ,   a  h y d r a u l i c   d o w n w a r d   a x i a l  

30  t h r u s t   l o a d   i s   a p p l i e d   t o   t h e   d r i l l i n g   m o t o r   s h a f t   w h i c h  
i s   c o u n t e r a c t e d   by  t h e   sum  of  t h e   u p w a r d   l o a d   on  t h e   b i t  
and  t h e   u p w a r d   t h r u s t   f r o m   t h e   c a s i n g .   In  o r d e r   t o  
a c c o m m o d a t e   s u c h   a x i a l   f o r c e s   i t   i s   n e c e s s a r y   t o   p r o v i d e  
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a x i a l   t h r u s t   b e a r i n g s   and  i f   t h e   r e s u l t a n t   a x i a l   f o r c e s  

on  t h e   t h r u s t   b e a r i n g s   a r e   l a r g e ,   e x c e s s i v e   w e a r   of   t h e  

a x i a l   t h r u s t   b e a r i n g s   i s   l i k e l y   to   o c c u r .  

E x i s t i n g   known  d e s i g n s   of  t u r b i n e   h a v e   an  o p t i m u m  
5  e f f i c i e n c y   a t   c o m p a r a t i v e l y   h i g h   r o t a t i o n a l   s p e e d s ,  

t y p i c a l l y   7 0 0 - 8 0 0   RPM  and  f u r t h e r m o r e   t h e s e   t u r b i n e s  

c a r r y   a  l a r g e   n u m b e r   of   s t a g e s ,   t y p i c a l l y   o v e r   250 ,   w i t h  

up  to   t h r e e   s e p a r a t e   t u r b i n e   s e c t i o n s ,   when  l a r g e   b i t  

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

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

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

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

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

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

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

c a s i n g   or  p i p e ,   i s   to   a  l a r g e   e x t e n t   b a l a n c e d   by  t h e  

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

20  good   p e n e t r a t i o n   r a t e s .   T h i s   l e a v e s   a  c o m p a r a t i v e l y   s m a l l  

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

(PCD)  d r i l l i n g   b i t s   h a v e   b e e n   r a p i d l y   i n t r o d u c e d   i n t o  

t h e   d r i l l i n g   m a r k e t   and   in   many  d r i l l i n g   s i t u a t i o n s   h a v e  

25  r e p l a c e d   t h e   more   e x p e n s i v e   n a t u r a l   d i a m o n d   b i t s .   A 

f e a t u r e   of  t h e s e   PCD  b i t s   i s   t h a t   t h e y   r e q u i r e   much  l e s s  

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

d r i l l i n g   w i t h   e x t e n d e d   b i t   l i f e   in   t h e   w e l l   i s   to   b e  

a c h i e v e d .  

30  The  a d v e n t   of   t h e   PCD  b i t   has   l e d   to   a  d e c l i n e   in   t h e  

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

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

t h e   PCD  b i t   w e i g h t - o n - b i t   r e q u i r e m e n t s ,   l e a v i n g   a  l a r g e  
35  r e s i d u a l   a x i a l   t h r u s t   to   be  c a r r i e d   by  t h e   t u r b o d r i l l  

t h r u s t - b e a r i n g   m o d u l e ,   w i t h   r e s u l t i n g   h i g h   b e a r i n g   c o s t ,  
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l a r g e   f r i c t i o n   l o s s e s ,   and  s h o r t   b e a r i n g   l i f e .   Fo r   t h i s  

r e a s o n ,   PCD  b i t s   h a v e   f o u n d   a p p l i c a t i o n   w i t h   r o t a r y  
d r i l l i n g   and   w i t h   p o s i t i v e   d i s p l a c e m e n t   d o w n h o l e   m u d  
m o t o r s .   In  t h e   c a s e   of   r o t a r y   d r i l l i n g ,   d r i l l i n g   s p e e d s  

5  a r e   v e r y   l ow,   t y p i c a l l y   l e s s   t h a n   100  RPM  and  f u r t h e r m o r e  
f o r   d e e p   and  d e v i a t e d   w e l l s   a  s i g n i f i c a n t   p r o p o r t i o n   o f  
t h e   p o w e r   p u t   i n t o   t h e   d r i l l   s t r i n g   a t   t h e   s u r f a c e   i s  
l o s t   in   f r i c t i o n   r e s u l t i n g   in   a  c o m p a r a t i v e l y   low  n e t  

t o r q u e   a t   t h e   b i t .   Mud  m o t o r s ,   p a r t i c u l a r l y   in   t h e  
10  l a r g e r   s i z e s ,   a r e   a l s o   r e s t r i c t e d   to   c o m p a r a t i v e l y   l o w  

r o t a t i o n a l   s p e e d s   and  l i m i t a t i o n s   on  s u p p l y   p r e s s u r e   a n d  

t o r q u e ,   and  a l s o   s u f f e r   f rom  h i g h e r   w e a r   r a t e s   t h a n   t u r b o -  
d r i l l s   and  t h e r e f o r e   h a v e   t h e i r   own  l i m i t a t i o n s   d e s p i t e  
b e i n g   b e t t e r   m a t c h e d   t o   t h e   r e q u i r e m e n t s   of   PCD  b i t s .  

15  An  o b j 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   t o   p r o v i d e   a n  
a x i a l   t h r u s t   a r r a n g e m e n t   f o r   a  t u r b o d r i l l   and  w h i c h   w i l l  
a s s i s t   t h e   t u r b o d r i l l   in   e f f i c i e n t   o p e r a t i o n   when  u s e d  
w i t h   b i t s   h a v i n g   t h e   d r i l l i n g   c h a r a c t e r i s t i c s   o f   PCD  b i t s .  

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

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

e n a b l i n g   r o t a t i o n   of   s a i d   s h a f t ,   an  i n l e t   f o r   a d m i t t i n g  
25  f l u i d   u n d e r   p r e s s u r e ,   and   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  

s a i d   i n l e t   and   t u r b i n e   means   w h e r e b y   p r e s s u r i s e d   f l u i d  

can  be  t r a n s m i t t e d   t o   t h e   t u r b i n e   m e a n s   t o   e f f e c t  

o p e r a t i o n   t h e r e o f ,   c h a r a c t e r i s e d   in   t h a t   t h e   s h a f t   i s  

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

s u r f a c e s   w h i c h   can   be  a c t e d   upon  by  t h e   p r e s s u r e   f l u i d  
to  p r o d u c e   a  f o r c e   a c t i n g   c o u n t e r   to   t h e   n o r m a l   h y d r a u l i c  
t h r u s t   on  t h e   s h a f t   t h e r e b y   p r o d u c i n g   a  r e d u c e d   r e s u l t a n t  

h y d r a u l i c   t h r u s t   on  t h e   s h a f t .  

35  P r e f e r a b l y ,   t h e   r e a c t i o n   means   c o m p r i s e s   s l e e v e  

means   f i x e d l y   m o u n t e d   on  t h e   s h a f t ,   s a i d   s l e e v e   and  s h a f t  
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n a v m g   p r e s s u r e   s u r f a c e s   w h i c h   can  be  a c t e d   upon   b y  
u n e q u a l   p r e s s u r e s   f r o m   t h e   p r e s s u r e   f l u i d   to   i n d u c e   a  
f o r c e   on  t h e   s h a f t   c o u n t e r   to   t h e   n o r m a l   d i r e c t i o n   o f  
f l o w   of   t h e   p r e s s u r e   f l u i d   a l o n g   t h e   d r i l l .  

5  P r e f e r a b l y ,   t h e   r e a c t i o n   means   i s   l o c a t e d   in  t h e  
d r i l l i n g   t o o l   a b o v e   t h e   t u r b i n e   m e a n s .  

E m b o d i m e n t s   of   t h e   p r e s e n t   i n v e n t i o n   w i l l   now  b e  
d e s c r i b e d ,   by  way  o f   e x a m p l e ,   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 :   -  

10  P i g s .   1A-1E  i l l u s t r a t e   p a r t l y   in   c r o s s - s e c t i o n   a  
f i r s t   e m b o d i m e n t   of   d o w n 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 e   p r e s e n t   i n v e n t i o n ,   t h e   v i e w s   s h o w i n g   s e q u e n t i a l  
s e c t i o n s   o f   t h e   t o o l   f r o m   t h e   u p p e r   end   ( F i g .   1A)  to   t h e  
l o w e r   end  ( F i g .   I E ) ;  

15  F i g .   2  i l l u s t r a t e s   a  p a r t i a l   p l a n   v i e w   of  an  a x i a l  
t h r u s t   b e a r i n g   as  u t i l i s e d   in   t h e   e m b o d i m e n t   of   F i g s .  
1 A - 1 E ;  

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

20  F i g s .   4A-4D  i l l u s t r a t e ,   p a r t l y   in   c r o s s - s e c t i o n ,   a  
s e c o n d   e m b o d i m e n t   of   d o w n h o l e   d r i l l i n g   t o o l   i n  
a c c o r d a n c e   w i t h   t h e   p r e s e n t   i n v e n t i o n ,   t h e   v i e w s   s h o w i n g  
s e q u e n t i a l   s e c t i o n s   of   t h e   t o o l   f r o m   t h e   u p p e r   end  ( F i g .  
4A)  t o   t h e   l o w e r   end   ( F i g .   4D)  . 

25  R e f e r r i n g   t o   F i g s .   1  to   3  of  t h e   d r a w i n g ,   a  d o w n h o l e  
d r i l l i n g   t o o l   or   t u r b o d r i l l   c o m p r i s e s   a  c o n n e c t o r   10  f o r  
c o n n e c t i n g   t h e   d r i l l   t o o l   to   a  s u p p l y   o f   d r i l l i n g   f l u i d   o r  
mud  u n d e r   p r e s s u r e .   The  c o n n e c t o r   10  i s   f i t t e d   to   a  
c a s i n g   11  of  a  d r i l l   s t r i n g   w h i c h   i s   s u b s t a n t i a l l y   n o n -  

30  r o t a t a b l e   w i t h i n   a  w e l l   b o r e   or  may  be  r o t a t e d   a t   l o w  
s p e e d .   C a r r i e d   w i t h i n   t h e   c a s i n g   11  i s   a  r o t a t a b l e   s h a f t  
12,  t h e   o u t e r   d i a m e t e r   of  w h i c h   i s   r a d i a l l y   s p a c e d   f r o m  
t h e   i n t e r n a l   d i a m e t e r   of   t h e   c a s i n g   1 1 .  

The  c o n n e c t o r   10  has   a  c e n t r a l   p a s s a g e   13  t h r o u g h  
J5  w h i c h   d r i l l i n g   mud  u n d e r   p r e s s u r e   can   be  s u p p l i e d   to  a  

t u r b i n e   s e c t i o n   14  f o r   d r i v i n g   t h e   s h a f t   12,   t h e  
t u r b i n e   s e c t i o n   14  ( F i g .   IB)  c o m p r i s i n g   a  p l u r a l i t y   o f  
c o - o p e r a t i n g   t u r b i n e   u n i t s   1 5 .  
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E x t e n d i n g   a c r o s s   t h e   p a s s a g e   13  i s   a  t r a n s v e r s e  

f a c e   16  of   a  c o v e r   17  w h i c h   s e a l s ,   by  m e a n s   of   O - r i n g s  

18,   a g a i n s t   t h e   i n s i d e   s u r f a c e   o f   t h e   c a s i n g   11.  T h e  

c o v e r   17  h a s   e x t e n d i n g   t h e r e f r o m ,   in   an  a x i a l   d i r e c t i o n ,  

5  an  i n t e g r a l   c y l i n d r i c a l   w a l l   or   s k i r t   19  w h i c h   d e f i n e s  

an  a n n u l a r   p r e s s u r e   c h a m b e r   20  b e t w e e n   t h e   o u t e r  

c i r c u m f e r e n c e   of   t h e   w a l l   19  and  t h e   i n n e r  

c i r c u m f e r e n c e   of   t h e   c a s i n g   11.  P o r t s   21  in   t h e   c o v e r  
17  i n t e r c o n n e c t   t h e   p a s s a g e   13  and  t h e   c h a m b e r   2 0 .  

10  The  l o w e r   end   of   t h e   c h a m b e r   20  o p e n s   i n t o   a  

t u r b i n e   p r e s s u r e   s u p p l y   c h a m b e r   22.   P r e s s u r i s e d   f l u i d  

a t   a  g i v e n   p r e s s u r e   p a s s i n g   i n t o   t h e   c h a m b e r   22  f o r  

d r i v i n g   t h e   t u r b i n e   s e c t i o n   14  a u t o m a t i c a l l y   c a u s e s   t h a t  

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

15  d e v i c e   h a v i n g   l o w e r   end  f a c e s   23  and   24  on  a  c y l i n d r i c a l  
s l e e v e   25  and  a s s o c i a t e d   f i x e d   b u s h   26  r e s p e c t i v e l y .  

The  s l e e v e   25  i s   f i x e d   to   t h e   o u t s i d e   of   t h e   s h a f t   12  

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

c i r c u m f e r e n t i a l   g r o o v e s   27.  The  b u s h   26  c l o s e l y  

20  s u r r o u n d s   t h e   e x t e r n a l   s u r f a c e   of   t h e   s l e e v e   25  b u t   i s  

s p a c e d   t h e r e f r o m   by  a  s m a l l   c l e a r a n c e   gap  28  s u f f i c i e n t  

to   p e r m i t   a  s m a l l   s u p p l y   of   p r e s s u r i s e d   f l u i d   to   p a s s  
b e t w e e n   t h e   s l e e v e   25  and  b u s h   26  t o   a c t   on  t h e   r a d i a l  

s u r f a c e s   of   t h e   g r o o v e s   27  b e f o r e   l e a k i n g   i n   c o n t r o l l e d  

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

c h a m b e r   29  f r o m   w h e r e   t h e   f l u i d   p a s s e s   f r e e l y   o u t   of  t h e  

d r i l l i n g   t o o l   t h r o u g h   r a d i a l   h o l e s   30  w i t h o u t  

c o m m u n i c a t i o n   w i t h   p o r t s   21  to   t h e   a n n u l u s   b e t w e e n   t h e  

o u t s i d e   of   t h e   c a s i n g   11  and  t h e   w a l l   of   t h e   b o r e h o l e .  

30  I t   w i l l   be  n o t e d   t h a t ,   a t   i t s   u p p e r   e n d ,   t h e   b u s h   26  a b u t s  

a g a i n s t   a  s h o u l d e r   f o r m e d   on  t h e   i n s i d e   of   w a l l   1 9 .  

A f t e r   p a s s i n g   t h r o u g h   t h e   t u r b i n e   s e c t i o n   14,  t h e  

main   f l o w   of   p r e s s u r e   f l u i d   p a s s e s   t h r o u g h   p o r t s   31  i n  

r a d i a l   j o u r n a l   b e a r i n g s   32  and  t h e n c e   i n t o   a n n u l a r  

35  p r e s s u r e   c h a m b e r   3 3 .  
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As  shown  in  F i g .   1C,  t h e   d r i l l i n g   t o o l   i s   b r o k e n  
i n t o   u p p e r   and  l o w e r   p o r t i o n s   i n t e r c o n n e c t e d   by  a  

c o u p l i n g   d e s i g n a 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   3 4 .  
The  c o u p l i n g   34  c o m p r i s e s   an  o u t e r   s l e e v e   35  w h i c h   i s  

5  p r o v i d e d   w i t h   s c r e w - t h r e a d s   35a  and  35b  w h e r e b y   t h e   s l e e v e  
35  c a n   be  r e l e a s a b l y   c o n n e c t e d   to   t h e   u p p e r   and  l o w e r  

p o r t i o n s   of   t h e   d r i l l   c a s i n g   11.  The  c o u p l i n g   34  a l s o  
i n c l u d e s   m a l e   and  f e m a l e   s c r e w - t h r e a d e d   j u n c t i o n   p i e c e s  
3 6 , 3 7   f i x e d   to   t h e   l o w e r   end  of   t h e   u p p e r   p o r t i o n   of   s h a f t  

10  12  and   t h e   u p p e r   end   of   t h e   l o w e r   p o r t i o n   of   s h a f t   12  

r e s p e c t i v e l y .   By  v i r t u e   of   t h e   c o u p l i n g   34,  t h e   l o w e r  

p o r t i o n   of  t h e   d r i l l i n g   t o o l   can   be  r e m o v e d   f o r  

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

15  I t   w i l l   be  s e e n   t h a t   when  t h e   c o u p l i n g   34  i s   f i t t e d   t o  
c o n n e c t   t h e   u p p e r   and  l o w e r   p o r t i o n s   of   t h e   d r i l l i n g   t o o l ,  
t h e   p r e s s u r e   c h a m b e r   33  e x t e n d s   t h r o u g h   t h e   c o u p l i n g   3 4  
i n t o   t h e   l o w e r   p o r t i o n   of   t h e   t o o l .  

In   s a i d   l o w e r   p o r t i o n   of  t h e   t o o l ,   t h e   p r e s s u r e  
20  f l u i d   p a s s e s   t h r o u g h   p o r t s   38  in   a  s e c o n d   r a d i a l   j o u r n a l  

b e a r i n g   39  b e f o r e   p a s s i n g   t h r o u g h   p o r t s   40  in   a  p l u r a l i t y  
of  a x i a l   t h r u s t   b e a r i n g s   41  ( F i g .   ID  and  F i g s .   2  and  3 ) .  
Each   t h r u s t   b e a r i n g   41  c o n s i s t s   of   an  a n n u l a r   m e t a l   r i n g  
42  f o r m e d   w i t h   a  r a d i a l l y -   e x t e n d i n g   web  43  to   t h e   u p p e r  

25  and  l o w e r   s u r f a c e s   of   w h i c h   a r e   m o u l d e d ,   a t   s p a c e d  
i n t e r v a l s   t h e r e a r o u n d ,   a  p l u r a l i t y   of  t h r u s t   p a d s   44  
of   r u b b e r   o r   s i m i l a r   e l a s t o m e r i c   r e s i l i e n t ,   w e a r -  
r e s i s t a n t   m a t e r i a l .   Each   r i n g   42  i s   f o r m e d   r a d i a l l y  
o u t w a r d l y   of   t h e   p a d s   44  w i t h   t h e   p o r t s   40  w h i c h   p e r m i t  

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

b e a r i n g s .   As  shown  in   F i g .   ID,  e a c h   t h r u s t   pad   44  i s  

o p e r a t i v e l y   d i s p o s e d   in   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   a  
p a i r   of   c o - o p e r a t i n g   t h r u s t   c o l l a r s   45  s e c u r e d   to   t h e  
s h a f t   12.  R e s i d u a l   a x i a l   t h r u s t   i s   a c c o m m o d a t e d   b y  

35  t h e   a x i a l   t h r u s t   b e a r i n g s   4 1 .  

As  shown  b e s t   in   F i g .   3,  e a c h   t h r u s t   pad  44  i s  
f o r m e d   w i t h   r a d i a l   g r o o v e s   46  and  i t s   s u r f a c e   w h i c h  
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e n g a g e s   an  a d j a c e n t   t h r u s t   c o l l a r   45  i s   p r o f i l e d   b y  

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

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

t h r u s t   p a d s   44  and  t h e i r   g r o o v e s   46  r e s u l t   in   t h e  

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

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

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

p r e v i o u s l y   p r o p o s e d   t y p e s   of   d r i l l i n g   t o o l .  

A f t e r   t h e   p r e s s u r e   f l u i d   p a s s e s   t h r o u g h   t h e   a x i a l  

10  t h r u s t   b e a r i n g s   41  l o c a t e d   b e l o w   t h e   t u r b i n e   s e c t i o n   14  , 
t h e   f l u i d   f l o w s   d o w n w a r d l y   i n t o   a n n u l a r   p a s s a g e   47,   a n g l e d  

p o r t   48  and  i n t o   an  a x i a l   p a s s a g e   49  f o r   t r a n s m i s s i o n   t o   a  

d r i l l   b i t   s e c u r e d   to   c o n n e c t o r   50  a t   t h e   l o w e r   end  of   t h e  

d r i l l i n g   t o o l .  

15  A  l a b y r i n t h   s e a l   51  o f   known  c o n s t r u c t i o n   and   r a d i a l  

j o u r n a l   b e a r i n g   52  w h i c h   a b s o r b s   m e c h a n i c a l   v i b r a t i o n  

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

t h e   l o w e r   end  of   t h e   t o o l   ( F i g .   IE)  . 
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  a t   h i g h  

20  p r e s s u r e   i s   s u p p l i e d   i n t o   p a s s a g e   13  and  a c t s   on  t h e   u p p e r  

f a c e   16  of   c o v e r   17  t o   t e n d   to   u r g e   t h e   d r i l l i n g   t o o l  

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

p a s s a g e   13  t h r o u g h   p o r t s   19,   p r e s s u r e   c h a m b e r   20  and  t u r b i n e  

p r e s s u r e   s u p p l y   c h a m b e r   22  to   t h e   t u r b i n e   s e c t i o n   1 4 .  

25  When  t h e   p r e s s u r e   f l u i d   i s   p r e s e n t   in   t h e   c h a m b e r   22  ,  t h e  

p r e s s u r e   a c t s   on  t h e   l o w e r   f a c e s   ( 2 3 , 2 4 )   of   s l e e v e   25  a n d  

b u s h   26  r e s p e c t i v e l y   and  a  s m a l l   p r o p o r t i o n ,   s ay   5%,  f l o w s  

u p w a r d l y   t h r o u g h   c l e a r a n c e   gap  28,   i n t o   c h a m b e r   29  a n d  

o u t   of  t h e   d r i l l i n g   t o o l   t h r o u g h   h o l e s   30.  Due  t o   t h e  

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

c l e a r a n c e   gap  28,   t h e   p r e s s u r e   of   t h e   f l u i d   i n  

c h a m b e r   29  i s   s u b s t a n t i a l l y   l o w e r   t h a n   t h a t   on  f a c e s   2 3 , 2 4  

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

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

35  when  o p e r a t i n g   w i t h   w e i g h t   on  t h e   b i t ,   t h e   r e s i d u a l   l o a d  

on  t h e   a x i a l   t h r u s t   b e a r i n g s   of   t h e   d r i l l i n g   t o o l   i s   m i n i m a l .  
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As  a  r e s u l t   of   t h e   a x i a l   t h r u s t   b a l a n c i n g   d e v i c e s   o f  

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

o p e r a t e   more  e f f i c i e n t l y   and  a r e   s u b j e c t   to   l o w e r  

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

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

s u i t a b l e   f o r   u se   w i t h   PCD  b i t s   w h i c h   o p e r a t e   a t   l o w  

w e i g h t s   on  t h e   b i t   due   to   t h e   f a c t   t h a t   t h e   d o w n w a r d  

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

s i g n i f i c a n t   e x t e n t .  

10  In  t h e   e m b o d i m e n t   shown  in  F i g s .   4A-4D,   a  d r i l l i n g  
t o o l   i s   shown  in   w h i c h   t h e   a x i a l   t h r u s t   b e a r i n g ,   a x i a l  

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

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

15  F i g s .   1  to   3.  In  F i g s . 4 A - 4 D   like  p a r t s   w i l l   be  g i v e n   t h e  

same  r e f e r e n c e   n u m e r a l s   as  in   F i g s .   1  to   3 .  

R e f e r r i n g   to   F i g s .   4A-4D,   a  d o w n h o l e   d r i l l i n g   t o o l  

c o m p r i s e s   a  c o n n e c t o r   10  f o r   c o n n e c t i o n   to   a  s u p p l y   o f  

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

20  b e i n g   f i t t e d   to   c a s i n g   11  as  in   t h e   p r e v i o u s   e m b o d i m e n t .  

The  c e n t r a l   p a s s a g e   13  of   t h e   c o n n e c t o r   10  a l l o w s  

p r e s s u r i s e d   f l u i d   to   be  f e d   a x i a l l y   p a s t   t h e   o u t s i d e  

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

c a s i n g   19  l o c a t e d   a t   t h e   t o p   end  of  t h e   d r i l l i n g   t o o l  

25  a b o v e   t u r b i n e   s e c t i o n   14  ( F i g .   4C)  . 
I n t e r n a l l y   of   t h e   c o n n e c t o r   10  and  i n t e g r a l   t h e r e w i t h ,  

a  b o d y   p o r t i o n   61  d e f i n e s   a  c y l i n d e r   62  w i t h i n   w h i c h   a  
f l e x i b l e   w a l l   in   t h e   f o r m   of   a  p i s t o n   63  i s   s l i d a b l e .  

A l t e r n a t i v e l y   t h e   f l e x i b l e   w a l l   may  be  p r o v i d e d   by  a  
30  b e l l o w s .   From  t h e   b o d y   p o r t i o n   61  t h e   c y l i n d r i c a l   w a l l  

or   s k i r t   19  e x t e n d s   d o w n w a r d l y   in   an  a x i a l   d i r e c t i o n  

s u b s t a n t i a l l y   as  in   t h e   e m b o d i m e n t   of  F i g s .   1A-1E .   P o r t s  

64  e x t e n d   t h r o u g h   t h e   body   p o r t i o n   61  to   i n t e r c o n n e c t   t h e  

p a s s a g e   13  w i t h   a n n u l a r   p r e s s u r e   c h a m b e r   20  b e t w e e n   t h e  

35  o u t e r   c i r c u m f e r e n c e   of   w a l l   19  and  t h e   i n n e r   c i r c u m f e r e n c e  

of   c a s i n g   1 1 .  

The  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 e s   a  s e a l e d   c h a m b e r  
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65  f i l l e d   or   p a r t i a l l y   f i l l e d   w i t h   a  l u b r i c a t i n g   f l u i d  

s u c h   as  o i l   and  w i t h i n   w h i c h   i s   h o u s e d   a  r o t a t i n g   b e a r i n g  
s l e e v e   66a  m o u n t e d   on  a  b e a r i n g   s h a f t   66 ,   t h e   u p p e r   w a l l  

of   t h e   c h a m b e r   65  b e i n g   d e f i n e d   by  t h e   p i s t o n   63  w h i c h  

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

as  d o w n h o l e   p r e s s u r e   and   t e m p e r a t u r e s   v a r y .   F u r t h e r m o r e ,  
i t   a l l o w s   f o r   e q u a l i s a t i o n   of   t h e   f l u i d   p r e s s u r e   w i t h i n  

t h e   c h a m b e r   65  t o   t h a t   of   t h e   s u r r o u n d i n g   d r i l l i n g   m u d .  

W i t h i n   t h e   c y l i n d r i c a l   s p a c e   67  b e t w e e n   t h e   b e a r i n g   s h a f t  

10  66  and  t h e   w a l l   19  t h e r e   i s   p r o v i d e d   a  p l u r a l i t y   o f  

b e a r i n g s   68,   f o r   e x a m p l e   b a l l   or   r o l l e r   b e a r i n g s ,  

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

means   of   r e s i l i e n t   m o u n t i n g s   68a .   The  u p p e r   end   of   t h e  

s e a l e d   c h a m b e r   i s   c l o s e d   by  t h e   p i s t o n   63  h a v i n g   a  
15  p e r i p h e r a l   s e a l i n g   r i n g   69  s e a l i n g   a g a i n s t   t h e   i n n e r  

s u r f a c e   of  c y l i n d e r   62.   The  l o w e r   end   o f   t h e   b e a r i n g  
c h a m b e r   65  i s   s e a l e d   a t   i t s   l o w e r   end   by  a  s h a f t   s e a l i n g  

s y s t e m   w h i c h   i s   t y p i c a l l y   one  or   more   r o t a r y   f a c e - t y p e  
s e a l s   70  in   c o m b i n a t i o n   w i t h   s t a t i o n a r y   l i p - t y p e   s h a f t  

20  s e a l s   71.  The  s t a t i o n a r y   l i p   s e a l s   71  a c t   as   a  b a r r i e r  

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

a d m i t t e d   to   c h a m b e r   72  g a i n i n g   a c c e s s   to   t h e   f a c e   s e a l s   7 0 .  

D r i l l i n g   mud  p a s s i n g   t h r o u g h   t h e   gap  b e t w e e n   r o t a r y   s l e e v e  

25  and  s t a t i o n a r y   b u s h   26  t h e n   p a s s e s   to   t h e   a n n u l u s  

25  a r o u n d   c a s i n g   11  of   t h e   d r i l l   v i a   d r i l l e d   r a d i a l   h o l e s   7 3  

w i t h o u t   c o m m u n i c a t i o n   w i t h   c h a m b e r   20.   R a d i a l   h o l e s   74  

a l l o w   a n n u l a r   p r e s s u r e   f r o m   t h e   o u t s i d e   of   c a s i n g   11  to   b e  
f e d   to   t h e   t o p   s i d e   o f   p i s t o n   63  w i t h o u t   c o m m u n i c a t i o n   w i t h  

p a s s a g e   1 3 .  

30  Below  t h e   a x i a l   t h r u s t   b e a r i n g s   68  and  c a r r i e d   o n  

b e a r i n g   s h a f t   66  i s   l o c a t e d   an  a x i a l   t h r u s t   b a l a n c i n g  
d e v i c e   of  t h e   t y p e   d e s c r i b e d   in  t h e   e m b o d i m e n t   of   F i g s .   1 

to   3  and  h a v i n g   a s s o c i a t e d   s l e e v e   25  and  b u s h   2 6  

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

35  The  a n n u l a r   p r e s s u r e   c h a m b e r   20  e x t e n d s   p a s t   t h e  
a x i a l   t h r u s t   b a l a n c i n g   d e v i c e   and  t h r o u g h   a  c o u p l i n g  
i n d i c a 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 b e r a l   75  ( F i g .   4B)  . 
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The  c o u p l i n g   75,  w h i c h   i s   o n l y   one  f o r m   of   c o u p l i n g   f o u n d  
to  be  s u i t a b l e   f o r   t h e   p u r p o s e ,   c o n n e c t s   b e a r i n g   s h a f t  
66  w i t h   t u r b i n e   and  d r i l l   b i t   s h a f t   76.  The  c o u p l i n g  
75  i n c o r p o r a t e s   an  u p p e r   f e m a l e   c o n n e c t o r   77  w h i c h   i s  

5  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   of  b e a r i n g  
s h a f t   66.  A  m a l e   c o n n e c t o r   78  a d a p t e d   to   i n t e r e n g a g e  
by  means   of   s p l i n e s   79  w i t h   f e m a l e   c o n n e c t o r   77  i s   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 u r b i n e   s h a f t   7 6 .  
A  s h e a r   r i n g   80  i s   l o c a t e d   in   r e g i s t e r i n g   a p e r t u r e s   i n  

LO  m a l e   and  f e m a l e   c o n n e c t o r s   7 7 , 7 8   to   p r e v e n t   r e l a t i v e  
a x i a l   d i s p l a c e m e n t   t h e r e b e t w e e n .   The  s h e a r   r i n g   80  i s  
p r o v i d e d   w i t h   a  r a d i a l   s c r e w   a d j u s t m e n t   81  w h e r e b y   t h e  
r i n g   80  can   be  u r g e d   r a d i a l l y   i n w a r d l y   to   i n t e r c o n n e c t  
c o n n e c t o r s   7 7 , 7 8   and  r e l e a s e d   r a d i a l l y   o u t w a r d l y   to   a l l o w  

L5  t h e   c o n n e c t o r s   7 7 , 7 8   to   be  moved  a x i a l l y   i n t o   or   o u t   o f  
e n g a g e m e n t   w i t h   e a c h   o t h e r .   The  c a s i n g   11  i s   i n t e r r u p t e d  
i n t o   u p p e r   and  l o w e r   p o r t i o n s   w h i c h   a r e   s c r e w - t h r e a d e d l y  
i n t e r c o n n e c t e d   by  c o u p l i n g   s l e e v e   8 2 .  

A c c e s s   a p e r t u r e s   83  a l l o w   a c c e s s   t o   t h e   s c r e w  
!0  a d j u s t m e n t s   8 1 .  

As  shown  in   P i g .   4C,  and  a f t e r   p a s s i n g   t h r o u g h   t h e  
c o u p l i n g   75,  a n n u l a r   p r e s s u r e   c h a m b e r   20  l e a d s   t h r o u g h  
r a d i a l   j o u r n a l   b e a r i n g   84  to   e n a b l e   p r e s s u r e   f l u i d   to   b e  
s u p p l i e d   t o   t u r b i n e   s e c t i o n   85  w h i c h   d r i v e s   t u r b i n e   s h a f t  

:5  76.  A f t e r   l e a v i n g   t h e   t u r b i n e   s e c t i o n   85,   p r e s s u r e   f l u i d  
i s   f e d   t h r o u g h   a  f u r t h e r   r a d i a l   j o u r n a l   b e a r i n g   86  a n d ,   a s  
shown  in   P i g .   4D,  t h e n c e   t h r o u g h   a n g l e d   p a s s a g e   87  a n d  
c e n t r a l   b o r e   88  t o   d r i l l   b i t   c o n n e c t o r   89.  At  t h e   l o w e r  
end  of   t h e   c a s i n g   11  a d j a c e n t   t h e   d r i l l   b i t   c o n n e c t o r   89  a  

0  r a d i a l   j o u r n a l   b e a r i n g   90  i s   p r o v i d e d   to   a s s i s t   i n  
a b s o r b i n g   t h e   d y n a m i c   f o r c e s   g e n e r a t e d   on  o p e r a t i o n   of   t h e  
d r i l l   b i t .  

The  o p e r a t i o n   of   t h e   d r i l l i n g   t o o l   as  shown  in   F i g s .  
4A-4D  i s   s i m i l a r   to   t h a t   d e s c r i b e d   in   F i g s .   1  to   3.  I t  

5  w i l l   be  n o t e d ,   h o w e v e r ,   t h a t   in  t h e   s e c o n d   e m b o d i m e n t ,  
t h e   a x i a l   t h r u s t   b e a r i n g   and  a x i a l   t h r u s t   b a l a n c i n g   d e v i c e  
a r e   l o c a t e d   a b o v e   t h e   t u r b i n e   s e c t i o n .   T h i s   a r r a n g e m e n t  
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p e r m i t s   cne   t n r u s t   t e a r i n g   t o   o p e r a t e   in   a  l u b r i c a n t  
s u c h   as  g r e a s e   o r   o i l ,   s e a l e d   f r o m   t h e   d r i l l i n g   mud  a n d  
t h e r e b y   r e d u c e s   b e a r i n g   f r i c t i o n   l o s s e s   and  p r o l o n g s  
b e a r i n g   l i f e .   The  a r r a n g e m e n t   h a s   t h e   f u r t h e r  

a d v a n t a g e   t h a t   t h e   a x i a l   t h r u s t   b e a r i n g   and   i t s  
a s s o c i a t e d   s e a l s   a r e   r e m o t e   f rom  t h e   d r i l l   b i t   c o n n e c t i o n  
and  f r o m   t h e   h i g h l y   d y n a m i c   r a d i a l   a c t i o n   a s s o c i a t e d   w i t h  
t h a t   a r e a .   F u r t h e r m o r e ,   s i n c e   t h e r e   i s   no  s l i d i n g   s e a l  
a b o v e   t h e   t h r u s t   b e a r i n g ,   t h e   l u b r i c a n t   w h i c h   has   a  l o w e r  
s p e c i f i c   g r a v i t y   t h a n   t h e   mud  i s   e f f e c t i v e l y   t r a p p e d   w i t h i n  
t h e   b e a r i n g   c h a m b e r .  

I t   w i l l   be  f u r t h e r   a p p r e c i a t e d   t h a t   by  p r o v i d i n g  
c o u p l i n g   75  b e t w e e n   t h e   s e a l e d   a x i a l   t h r u s t   b e a r i n g  
a s s e m b l y   and  a x i a l   b a l a n c i n g   d e v i c e   on  t h e   one   h a n d   a n d  
t h e   t u r b i n e   s e c t i o n   on  t h e   o t h e r   h a n d ,   t h e   b e a r i n g  
a s s e m b l y   and   b a l a n c i n g   d e v i c e   f o r m   an  i n t e g r a l   r e p l a c e a b l e  
m o d u l e   . 

I f   d e s i r e d ,   t h e   l u b r i c a t i n g   f l u i d   in   t h e   s e a l e d  
b e a r i n g   c h a m b e r   can   be  c i r c u l a t e d   r o u n d   t h e   c h a m b e r   a n d  
t h r o u g h   a  h e a t   e x c h a n g e r   in   o r d e r   t o   t r a n s f e r   h e a t   f r o m  
t h e   l u b r i c a n t   to   t h e   d r i l l i n g   m u d .  
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CLAIMS 

1.  A  d o w n h o l e   d r i l l i n g   m o t o r   c o m p r i s i n g   an  o u t e r   d r i l l  

c a s i n g   (11)  ,  a  s h a f t   (12)  f o r   d r i v i n g   a  d r i l l   b i t  

c o n n e c t e d   t h e r e t o   and  s a i d   s h a f t   (12)  b e i n g   r o t a t a b l e  

r e l a t i v e   to  s a i d   c a s i n g   (11)  ,  t u r b i n e   means   ( 1 5 )  

5  e x t e n d i n g   b e t w e e n   s a i d   c a s i n g   (11)  and  s h a f t   (12)  f o r  

e n a b l i n g   r o t a t i o n   of  s a i d   s h a f t   (12)  ,  an  i n l e t   (13)  f o r  

a d m i t t i n g   f l u i d   u n d e r   p r e s s u r e ,   and  p a s s a g e   means   ( 2 0 )  

i n t e r c o n n e c t i n g   s a i d   i n l e t   (13)  and  t u r b i n e   means   ( 1 5 )  

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

10  t u r b i n e   means   (15)  to   e f f e c t   o p e r a t i o n   t h e r e o f ,   c h a r a c t e r -  

i s e d   in   t h a t   t h e   s h a f t   (12)  i s   p r o v i d e d   w i t h   r e a c t i o n   m e a n s  

(17)  a c c e s s i b l e   to   t h e   p r e s s u r e   f l u i d   in   s a i d   p a s s a g e  
means   (20)  ,  s a i d   r e a c t i o n   m e a n s   (17)  h a v i n g   s u r f a c e   ( 2 3 ,  

24)  w h i c h   can   be  a c t e d   upon   by  t h e   p r e s s u r e   f l u i d   t o  

15  p r o d u c e   a  f o r c e   a c t i n g   c o u n t e r   to   t h e   n o r m a l   h y d r a u l i c  
t h r u s t   on  t h e   s h a f t   (12)  t h e r e b y   p r o d u c i n g   a  r e d u c e d  

r e s u l t a n t   h y d r a u l i c   t h r u s t   on  t h e   s h a f t   (12)  . 
2.  A  d o w n h o l e   d r i l l i n g   m o t o r   as  c l a i m e d   in   c l a i m   1 

w h e r e i n   t h e   r e a c t i o n   means   c o m p r i s e s   a  s l e e v e   (25)  f i x e d l y  
20  m o u n t e d   on  t h e   s h a f t   (12)  ,  s a i d   s l e e v e   (25)  and  s h a f t   ( 1 2 )  

h a v i n g   p r e s s u r e   s u r f a c e s   ( 2 3 , 2 4 )   w h i c h   can  be  a c t e d   u p o n  
by  u n e q u a l   p r e s s u r e s   f r o m   t h e   p r e s s u r e   f l u i d   to   i n d u c e   a  
f o r c e   on  t h e   s h a f t   c o u n t e r   to   t h e   n o r m a l   d i r e c t i o n   of   f l o w  

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

25  3.  A  d o w n h o l e   d r i l l i n g   m o t o r   as  c l a i m e d   in   c l a i m   2,  i n  

w h i c h   t h e   s l e e v e   (25)  d e f i n e s   a  f l u i d   p a s s a g e   to  p e r m i t  

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

c o r r e s p o n d i n g   r e d u c t i o n   of   p r e s s u r e   i n t o   s a i d   c h a m b e r   ( 2 9 ) ,  

'T*  and  an  o u t l e t   (30)  f o r   p e r m i t t i n g   t h e   f l u i d   to   p a s s   f r e e l y  
30  o u t   of   t h e   d r i l l i n g   t o o l .  

4.  ,,  A  d o w n h o l e   d r i l l i n g   m o t o r   as  c l a i m e d   in  c l a i m   3,  i n  

- • ' . w h i c h   b u s h   means   (26)  s u r r o u n d   s a i d   s l e e v e   (25)  to   d e f i n e   a  
c l e a r a n c e   gap  (28)  f o r   s a i d   l e a k a g e   of   p r e s s u r i s e d   f l u i d .  
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5.  A  d o w n h o l e   d r i l l i n g   m o t o r   as  c l a i m e d   in   any  o f  
c l a i m s   1  to   4,  w h e r e i n   t h e   r e a c t i o n   means   i s   l o c a t e d  
in  t h e   d r i l l i n g   t o o l   a b o v e   t h e   t u r b i n e   means   (15)  . 
6.  A  d o w n h o l e   d r i l l i n g   m o t o r   as  c l a i m e d   in  a n y  

5  p r e c e d i n g   c l a i m ,   i n c l u d i n g   a  t h r u s t   b e a r i n g   (41)  ,  s a i d  
t h r u s t   b e a r i n g   b e i n g   d i s p o s e d   b e l o w   s a i d   t u r b i n e   m e a n s  
( 5 1 ) .  

7.  A  d o w n h o l e   d r i l l i n g   m o t o r   as  c l a i m e d   in   any  of   c l a i m s  
1  to   5,  w h e r e i n   s a i d   d o w n h o l e   m o t o r   i n c l u d e s   a  t h r u s t  

10  b e a r i n g   (68)  ,  s a i d   t h r u s t   b e a r i n g   (68)  b e i n g   d i s p o s e d  
a b o v e   s a i d   t u r b i n e   m e a n s   (15)  . 
8.  A  d o w n h o l e   d r i l l i n g   m o t o r   as  c l a i m e d   in   c l a i m   7,  i n  
w h i c h   t h e   t h r u s t   b e a r i n g   (68)  i s   d i s p o s e d   a b o v e   t h e  
r e a c t i o n   means   (17)  . 

15  9.  A  d o w n h o l e   d r i l l i n g   m o t o r   as  c l a i m e d   in   c l a i m   7  o r  
8,  in   w h i c h   s e a l i n g   means   i s   p r o v i d e d   b e t w e e n   t h e   r e a c t i o n  
means   (17)  and  t h e   t h r u s t   b e a r i n g   ( 6 8 ) ,   s a i d   t h r u s t   b e a r i n g  
(68)  h a v i n g   a  s e a l e d   c h a m b e r   (65)  a t   l e a s t   p a r t i a l l y   f i l l e d  

w i t h   a  l u b r i c a t i n g   f l u i d .  

20  10.  A  d o w n h o l e   d r i l l i n g   m o t o r   as  c l a i m e d   in   c l a i m   9,  i n  
w h i c h   t h e   s e a l e d   c h a m b e r   (65)  h a s   an  a d j u s t a b l e   w a l l  
member   (63)  f o r   p e r m i t t i n g   e x p a n s i o n   or   c o n t r a c t i o n   o f  
t h e   l u b r i c a n t   f l u i d   as  d o w n h o l e   p r e s s u r e s   or   t e m p e r a t u r e s  
v a r y .  

25  11.  A  d o w n h o l e   d r i l l i n g   m o t o r   as  c l a i m e d   in   any  of   c l a i m s  
9  o r   10,  in   w h i c h   t h e   c h a m b e r   (65)  i s   p r o v i d e d   w i t h  
s e a l i n g   means   ( 7 0 , 7 1 )   a t   t h e   l o w e r   end  of   t h e   c h a m b e r   ( 6 5 )  
o n l y ,   t h e   c h a m b e r   (65)  b e i n g   l o c a t e d   a t   t h e   u p p e r   end  o f  
t h e   r o t a t i n g   a s s e m b l y .  

JO  12.  A  d o w n h o l e   d r i l l i n g   m o t o r   as  c l a i m e d   in   any  of   c l a i m s  
9  to   11,  in   w h i c h   t h e r e   i s   p r o v i d e d   m e a n s   f o r   c i r c u l a t i n g  
t h e   l u b r i c a t i n g   f l u i d   w i t h i n   t h e   c h a m b e r   (65)  and  c o o l i n g  
means   f o r   s a i d   l u b r i c a n t   f l u i d .  

13.  A  d o w n h o l e   d r i l l i n g   m o t o r   as  c l a i m e d   in   any  of   c l a i m s  
J5  6  to   12,  in   w h i c h   t h e   t h r u s t   b e a r i n g   c o m p r i s e s   a t   l e a s t  

one  r e s i l i e n t l y   m o u n t e d   r o l l i n g   e l e m e n t   (68)  . 
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14.  A  d o w n h o l e   d r i l l i n g   m o t o r   as  c l a i m e d   in  c l a i m s   5  t o  

13,  i n   w h i c h   s a i d   t h r u s t   b e a r i n g   c o m p r i s e s   one  o r   m o r e  
f a c e   to   f a c e   b e a r i n g   e l e m e n t s   (41)  . 
15.  A  d o w n h o l e   d r i l l i n g   m o t o r   as  c l a i m e d   in   c l a i m   1 4 ,  

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

(45)  s e c u r e d   to   s h a f t   (12)  and  a  t h r u s t   b e a r i n g   r i n g   ( 4 2 )  

o p e r a t i v e l y   a s s o c i a t e d   t h e r e w i t h ,   s a i d   r i n g   (42)  h a v i n g   a  
pad   o r   p a d s   (44)  of   e l a s t o m e r i c   m a t e r i a l   in   c o n t a c t   w i t h  
s a i d   t h r u s t   c o l l a r   (45)  . 

10  16.  A  d o w n h o l e   d r i l l i n g   m o t o r   as  c l a i m e d   in   c l a i m   15,  i n  
w h i c h   e a c h   pad  (44)  i s   p r o v i d e d   w i t h   a  l u b r i c a t i o n   g r o o v e  
or  g r o o v e s   (46)  t h e r e i n .  

17.  A  d o w n h o l e   d r i l l i n g   m o t o r   as  c l a i m e d   in   c l a i m   15  o r  
16.  i n   w h i c h   t h e   s u r f a c e   of   e a c h   t h r u s t   pad   (44)  w h i c h  

15  e n g a g e s   an  a d j a c e n t   t h r u s t   c o l l a r   (45)  i s   p r o f i l e d   by  b e i n g  

t a p e r e d   u p w a r d s   t o w a r d s   i t s   c i r c u m f e r e n t i a l   t r a i l i n g   e d g e .  
18.  A  d o w n h o l e   d r i l l i n g   m o t o r   as  c l a i m e d   in   any  p r e c e d i n g  
c l a i m ,   i n c l u d i n g   c o u p l i n g   means   (75)  d i s p o s e d   b e t w e e n   s a i d  
t u r b i n e   means   (15)  and  s a i d   r e a c t i o n   means   (17)  and  s a i d  

20  t h r u s t   b e a r i n g   (68)  ,  t h e   r e a c t i o n   means   (17)  and  t h r u s t  

b e a r i n g   (68)  f o r m i n g   an  i n t e g r a l   m o d u l e   a d a p t e d   to   b e  

r e p l a c e a b l e   as  a  u n i t .  
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