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zi  Top  drive  well  drilling  apparatus  with  removable  link  adapter. 

57}  A  well  drilling  apparatus  having  a  drive  unit  for  rotating 
a  drill  string  (27).  A  stem  (25)  extends  downward  from  the 
drive  unit,  and  during  tripping  a  link  adapter  (35)  is  remov- 
ably  connected  to  the  stem  (25).  During  tripping,  an  eleva- 
tor  (31)  is  suspended  from  the  link  adapter  (35)  by  a  pair  of 
links  (33).  and  the  drill  string  (27)  is  held  by  the  elevator  (31). 
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  A  well  drilling  apparatus  having  a  drive  unit for  rotating 
a  drill  string  (27).  A  stem  (25)  extends  downward  from  the 
drive  unit  and  during  tripping  a  link  adapter  (35)  is  remov- 
ably  connected  to  the  stem  (25).  During  tripping,  an  eleva- 
tor  (31)  is  suspended  from  the  link  adapter  (35)  by  a  pair  of 
links  (33),  and  the  drill  string  (27)  is  held  by  the  elevator  (31). 



T h i s   i n v e n t i o n   r e l a t e s   in  g e n e r a l   to   a  w e l l  

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

d r i l l i n g   a p p a r a t u s .  

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

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

a  k e l l y ,   and  a  k e l l y   b u s h i n g .   An  e l e c t r i c   d r i l l i n g   m o t o r   i s  

s u s p e n d e d   f rom  t h e   d r i l l i n g   r i g ' s   c o n v e n t i o n a l   s w i v e l  

and  i s   a t t a c h e d   to  t he   t o p   of  t h e   d r i l l i n g   s t r i n g .   T h e  

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

is   g u i d e d   by  a  p a i r   of  v e r t i c a l   t r a c k s .   The  d r i l l i n g   m o t o r  

is   c o n n e c t e d   to  t h e   d r i l l   s t r i n g   by  a  c y c l i n d r i c a l   s t e m ,  

w h i c h   e x t e n d s   d o w n w a r d   f rom  t h e   m o t o r .   A  w r e n c h   a s s e m b l y  

is   a l s o   s u s p e n d e d   f rom  t h e   d r i l l i n g   m o t o r ,   in  o r d e r   t o  

b r a c k   o u t   or  make  up  c o n n e c t i o n s   b e t w e e n   t h e   s tem  and  t h e  

d r i l l   s t r i n g .   A  l i n k   a d a p t e r ,   on  t h e   s t e m ,   s u p p o r t s   a  

p a i r   of  l i n k s ,   w h i c h   in  t u r n   s u p p o r t   an  e l e v a t o r   b e l o w   t h e  

b o t t o m   of  t h e   s t e m .   As  t h e   d r i l l   s t r i n g   is   d r i l l e d   d o w n ,  

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

I f   t h e   e l e v a t o r   and  t h e   w r e n c h   a s s e m b l y   c o u l d   be  m o v e d  

o u t   of  t h e   way,  t h e   d r i l l   s t r i n g   c o u l d   be  d r i l l e d   d o w n  

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

to   t h e   d r i l l   s t r i n g .  

The  p r e s e n t   i n v e n t i o n   i s   a  t o p   d r i v e   w e l l  

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

f rom  t h e   s t e m ,   so  t h a t   l i n k   a d a p t e r ,   l i n k s ,   and  e l e v a t o r  

may  be  r e m o v e d   f rom  t h e   s t em   d u r i n g   d r i l l i n g .   The  l i n k  

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

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

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

s t e m .   The  l i n k   a d a p t e r   a l s o   has   means   f o r   s t a b i l i z i n g   t h e  

l i n k s   and  f o r   t i l t i n g   t h e   l i n k s   to   a  n o n - v e r t i c a l   p o s i t i o n .  

The  a b o v e ,   as  w e l l   as  a d d i t i o n a l   o b j e c t s ,  

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

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

i n v e n t i o n   w h i c h   i s   shown  by  way  of  e x a m p l e   in  t h e   a t t a c h e d  

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

F i g u r e   1  i s   a  p e r s p e c t i v e   v i e w   of  a  d r i l l i n g  



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

F i g u r e   2  i s   a  s i d e   v i e w   of  a  l i n k   a d a p t e r ,  

and  an  e l e v a t o r   d u r i n g   a  t r i p p i n g   o p e r a t i o n ;  

F i g u r e   3  i s   a  t o p   v i e w   of  a  l i n k   a d a p t e r  ;   a n d  

F i g u r e   4  i s   a  s i d e   v i e w   of  a  l i n k   a d a p t e r .  
F i g u r e   1  i l l u s t r a t e s   a  t o p   d r i v e   w e l l   d r i l l i n g  

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

b l o c k   13  and  a  c o n v e n t i o n a l   hook  15  a r e   s u s p e n d e d   b y  

c a b l e s   17  f rom  t h e   t o p   of  an  o i l   we2i  d e r r i c k .   A  d r i v e  

u n i t   19  i s   s u s p e n d e d   f rom  t h e   hook  15  and  m o u n t e d   on  a  

c a r r i a g e   21.  The  d r i v e   u n i t   19  i s   a  d r i l l i n g   m o t o r   of  a  

c o n v e n t i o n a l   t y p e .   The  c a r r i a g e   21  g u i d e s   t h e   d r i v e  

u n i t   19  up  and  down  a l o n g   a  p a i r   of  v e r t i c a l   g u i d e   t r a c k s  

23.  A  c y l i n d r i c a l   q u i l l ,   or  s t em  25,  e x t e n d s   d o w n w a r d  

f rom  t h e   d r i v e   u n i t   19,  and  c o n n e c t s   to   t h e   t o p   of  a  d r i l l  

s t r i n g   27.  The  d r i l l   s t r i n g   27  c o n s i s t s   of  a :  s e r i e s   o f  

p i p e   s e c t i o n s   and  has   a  r o t a r y   r o c k   b i t   a t t a c h e d   a t   t h e  

b o t t o m   f o r   d r i l l i n g   a  w e l l   b o r e .  

A  w r e n c h   a s s e m b l y   29  i s   p r o v i d e d   f o r   m a k i n g   u p  
t h e   c o n n e c t i o n   b e t w e e n   t h e   s t e m   25  and  t h e   d r i l l   s t r i n g  

27.  The  w r e n c h   a s s e m b l y   i s   m o u n t e d   to   t h e   c a r r i a g e   2 1 ,  

and  i s   c a p a b l e   of  m o v i n g   b e t w e e n   a  w o r k i n g   p o s i t i o n  

a l o n g   t h e   s t e m   25,   or  t h e   a x i s   of  t h e   d r i l l   s t r i n g   2 7 ,  

and  a  r e t r a c t e d   p o s i t i o n   away  f rom  t h e   a x i s   of  t h e   d r i l l  

s t r i n g   27.  The  w r e n c h   a s s e m b l y   29  i s   a l s o   c a p a b l e   o f  

m o v i n g   v e r t i c a l l y   a l o n g   t h e   s t em  25  and  t h e   d r i l l   s t r i n g  

2 7 .  

F i g u r e   2  i l l u s t r a t e s   a  p o r t i o n   of  t h e   t o p  
d r i v e   w e l l   d r i l l i n g   a p p a r a t u s   d u r i n g   a  t r i p p i n g  

o p e r a t i o n .   The  d r i l l   s t r i n g   27  i s   n o t   c o n n e c t e d   d i r e c t l y  

to   t h e   s t em   25,  b u t   i s   s u s p e n d e d   f rom  a  c o n v e n t i o n a l  

p i p e   e l e v a t o r   31.  The  e l e v a t o r   31  i s   s u s p e n d e d   f rom  a  

p a i r   of  l i n k s   33  w h i c h   d e p e n d   f rom  a  l i n k   a d a p t e r   3 5 .  

A  l i n k   s t a b i l i z e r   37  i s   c o n n e c t e d   b e t w e e n   t h e   l i n k  

a d a p t e r   35  and  t h e   l i n k s   33.  The  l i n k   s t a b i l i z e r   37 

s t a b i l i z e s   t h e   l i n k s   33  and ,   in  c o o p e r a t i o n   w i t h   a  h y d r a u -  

l i c   c y l i n d e r   39,  may  a l s o   be  u s e d   to   t i l t   t h e   l i n k s   33  t o  



a  n o n - v e r t i c a l   p o s i t i o n .   The  l i n k   s t a b i l i z e r   37  i s  

t h u s   a  s t a b i l i z i n g   means   f o r   s t a b i l i z i n g   t h e   l i n k s   3 3 ,  

and  i s   a l s o   a  t i l t i n g   means   f o r   t i l t i n g   the   l i n k s   33 

to  a  n o n - v e r t i c a l   p o s i t i o n .  A   b e l l   41  is  a t t a c h e d   t o  

t h e   l o w e r   end  of  t h e   s t em   25  to  f a c i l i t a t e   m a k e u p  

b e t w e e n   t h e   d r i l l   s t r i n g   27  and  t h e   s tem  25,  i f   t h e  

d r i l l   s t r i n g   27  and  t h e   s t em  25  have   to  be  r e c o n n e c t e d  

w h i l e   t h e   l i n k   a d a p t e r   35  i s   s t i l l   in  p l a c e .  

F i g u r e s   3  and  4  a r e   c l o s e - u p   v i e w s   of  t h e  

r e m o v a b l e   l i n k   a d a p t e r   35.  The  l i n k   a d a p t e r   35  has  a  

c e n t r a l   b o r e   43,  a d a p t e d   to   r e c e i v e   t h e   s t em  25.  T h e  

l i n k   a d a p t e r   35  has   a  d o o r   45,  w h i c h   can  be  o p e n e d  

to  a l l o w   t h e   l i n k   a d a p t e r   35  to  be  p l a c e d   a r o u n d   t h e   s t e m  

25.  Once  t h e   l i n k   a d a p t e r   35  has   been   p o s i t i o n e d   o n  

t h e   s t em  25,  t h e   d o o r   45  may  be  s e c u r e d   w i t h   t he   p i n s  

47.  The  d o o r   45  i s   a d a p t e d   to   e n g a g e   an  a l i g n m e n t   d o g  

49  (shown  in  F i g .   1)  on  t h e   s t em  25.  The  d o o r   45  a n d  

t h e   a l i g n m e n t   dog  49  a r e   t h u s   an  a l i g n m e n t   means   f o r  

a l i g n i n g   t h e   l i n k   a d a p t e r   35  on  t h e   s t em  25.  The  b o r e  

43  of  t h e   l i n k   a d a p t e r   35  has   a  d o w n w a r d   f a c i n g   s h o u l d e r  

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

53  ( shown  in  F i g .   1)  on  t h e   s t e m .  

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

is   in  t h e   c o n f i g u r a t i o n   shown  in  F i g .   1  d u r i n g   t h e  

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

d r i l l i n g   m u s t   be  s t o p p e d   and  t h e   d r i l l   s t r i n g   27  m u s t  

be  r e m o v e d   f rom  t h e   w e l l   b o r e .   For   e x a m p l e ,   t h e   d r i l l  

s t r i n g   27  m u s t   be  r e m o v e d   f rom  t h e   w e l l   b o r e   o c c a s i o n a l l y  
in  o r d e r   to   r e p l a c e   a  worn  d r i l l   b i t .   The  p r o c e s s   o f  

r e m o v i n g   t h e   d r i l l   s t r i n g   27  f rom  t h e   w e l l   b o r e ,   a n d  

t h e n   r e i n s e r t i n g   t h e   d r i l l   s t r i n g   27  b a c k   i n t o   t h e   w e l l  

b o r e ,   i s   known  as  a  t r i p p i n g   o p e r a t i o n .   D u r i n g   a  

t r i p p i n g   o p e r a t i o n   t h e   d r i l l   s t r i n g   27  i s   n o t   c o n n e c t e d  

d i r e c t l y   to   t h e   s t em  25,  b u t   i s   s u s p e n d e d   f rom  a  p i p e  

e l e v a t o r   41,  as  shown  in  F i g .   2 .  

In  o r d e r   to  c h a n g e   f rom  t h e   d r i l l i n g   c o n f i g u -  

r a t i o n   ( F i g .   1  )   to   t h e   t r i p p i n g   c o n f i g u r a t i o n   ( F i g .   2 ) ,  



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

to   h o l d   t h e   w e i g h t   of  t he   d r i l l   s t r i n g   27.  The  w r e n c h  

a s s e m b l y   29  i s   t h e n   u s e d   to  b r e a k   ou t   t he   c o n n e c t i o n  

b e t w e e n   t h e   d r i l l   s t r i n g   27  and  t h e   s t em  25.  The  s t em  25  

is   t h e n   r a i s e d   to   s e p a r a t e   t h e   s t em  25  f rom  t h e   d r i l l  

s t r i n g   27.  The  r e m o v a b l e   l i n k   a d a p t e r   35  i s   t h e n  

p l a c e d   a r o u n d   t h e   s t em  25,  so  t h a t   t h e   d o w n w a r d   f a c i n g  

s h o u l d e r   51  of  t h e   l i n k   a d a p t e r   35  e n g a g e s   t h e   u p w a r d  

f a c i n g   s h o u l d e r   53  on  t h e   s t em   25.  The  a l i g n m e n t   dog  49  

i n s u r e s   t h a t   t h e   l i n k   a d a p t e r   35  i s   p r o p e r l y   a l i g n e d  

on  t h e   s t em  25.  The  d o o r   45  of  t h e   l i n k   a d a p t e r   35  i s  

t h e n   c l o s e d   and  s e c u r e d   w i t h   p i n s   47.  The  c o n v e n t i o n a l  

e l e v a t o r   31  i s   now  s u p e n d e d   b e l o w   t h e   l i n k   a d a p t e r   35  

by  t h e   l i n k s   33.  The  e l e v a t o r   31  i s   t h e n   c o n n e c t e d   t o  

t h e   d r i l l   s t r i n g   27  in  a  c o n v e n t i o n a l   m a n n e r .  

In  o r d e r   to   r e t u r n   to   t h e   d r i l l i n g   c o n f i g u r a t i o n ,  

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

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

t h e   d r i l l   s t r i n g   27.  Then  t h e   e l e v a t o r   31  i s   r e m o v e d  

f rom  t h e   d r i l l   s t r i n g   27,  and  t h e   l i n k   a d a p t e r   35  i s  

r e m o v e d   f rom  t h e   s t em  25.  The  s t em   25  i s   t h e n   l o w e r e d  

to  t h e   d r i l l   s t r i n g   27,  and  t h e   w r e n c h   a s s e m b l y   29  i s  

u s e d   to   make  up  t h e   c o n n e c t i o n .  

I f ,   f o r   some  r e a s o n ,   i t   b e c o m e s   n e c e s s a r y   t o  

r e c o n n e c t   t h e   d r i l l   s t r i n g   27  to   t h e   s t em  25  w h i l e   t h e  

l i n k   a d a p t e r   45  i s   in  p l a c e ,   t h e   d r i l l   s t r i n g   27  may  b e  

s e t   in   t h e   s l i p s   w h i l e   t h e   s t em   25  i s   l o w e r e d   o n t o   t h e  

d r i l l   s t r i n g   27.  The  b e l l   41  on  t h e   s t em   25  w i l l   g u i d e  

t h e   d r i l l   s t r i n g   27  to  make  a  p r o p e r   e n g a g e m e n t .  

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

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

a r t .   S i n c e   t h e   l i n k s   33  and  t h e   e l e v a t o r   31  do  n o t   h a n g  

down  b e l o w   t h e   s t em   25  d u r i n g   d r i l l i n g ,   t h e   d r i l l   s t r i n g  

27  can   be  d r i l l e d   down  f u r t h e r   b e f o r e   a d d i t i o n a l   l e n g t h s  

of  p i p e   have   to   be  a d d e d   to  t h e   d r i l l   s t r i n g .   The  i n v e n -  

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

a d a p t e r   35,  t h e   l i n k s   33,   and  t h e   e l e v a t o r   31,  w i t h o u t  



i n t e r r u p t i n g   d r i l l i n g .  

W h i l e   t h e   i n v e n t i o n   has  been   shown  in  o n l y   o n e  

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

in  t h e   a r t   t h a t   i t   i s   no t   so  l i m i t e d ,   bu t   i s   s u s c e p t i b l e  

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

f rom  t h e   s p i r i t   t h e r e o f .  



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

a  d r i v e   u n i t   ( 1 9 ) ,   f o r   r o t a t i n g   a  d r i l l  

s t r i n g   (27)  a b o u t   t h e   l o n g i t u d i n a l   a x i s   of  t h e   d r i l l  

s t r i n g ;   a n d  

a  s t em  (25)  e x t e n d i n g   d o w n w a r d   f rom  t h e   d r i v e  

u n i t   (19)  ,  t o   w h i c h   t h e   d r i l l   s t r i n g   (27)  may  b e  

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

d r i v e   u n i t   to  t h e   d r i l l   s t r i n g ;   c h a r a c t e r i z e d   b y  

a  l i n k   a d a p t e r   ( 3 5 ) ,   r e m o v a b l y   c o n n e c t e d   to  t h e  

s t em  ( 2 5 ) ,   so  t h a t   t h e   l i n k   a d a p t e r   may  be  r e m o v e d  

f rom  t h e   s t em  d u r i n g   d r i l l i n g ;  

a  p a i r   of  e l e v a t o r   l i n k s   (33)  s u s p e n d e d   f r o m  

t h e   l i n k   a d a p t e r   (35)  a n d  

an  e l e v a t o r   (31)  s u s p e n d e d   f rom  t h e   e l e v a t o r  

l i n k s   (33)  f o r   s u s p e n d i n g   t h e   d r i l l   s t r i n g   (27)  d u r i n g  

t r i p p i n g .  

2.  A  wel-  d r i l l i n g   a p p a r a t u s   a c c o r d i n g   to   c l a i m   1 ,  

c h a r a c t e r i z e d   by  a l i g n m e n t   means   ( 4 5 , 4 9 )   f o r   a l i g n i n g  

t h e   l i n k   a d a p t e r   (35)  on  t h e   s t em  ( 2 5 ) .  

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

c l a i m   1  or  2,  c h a r a c t e r i z e d   in   t h a t   s a i d   s t e m   ( 2 5 )  

has   an  u p w a r d   f a c i n g   s h o u l d e r   (53)  and  t h a t   s a i d   l i n k  

a d a p t e r   (35)  has   a  d o w n w a r d   f a c i n g   s h o u l d e r   (51)  f o r  

e n g a g e m e n t   w i t h   t h e   s h o u l d e r   (53)  on  t h e   s t em   ( 2 5 ) .  

4.  A  w e l l   d r i l l i n g   a p p a r a t u s   a c c o r d i n g   to   a n y o n e  
of  t h e   c l a i m s   1  to   3,  c h a r a c t e r i z e d   by  an  e l e v a t o r ,  

s u s p e n d e d   f rom  t h e   e l e v a t o r   l i n k s ,   f o r   s t a b i l i z i n g  

means   (37)  f o r   s t a b i l i z i n g   t h e   l i n k s   ( 3 3 ) .  

5.  A  w e l l   d r i l l i n g   a p p a r a t u s   a c c o r d i n g   to   a n y o n e  
of  t h e   c l a i m s   1  to   4  c h a r a c t e r i z e d   by  t i l t i n g   m e a n s  

( 2 9 , 3 7 )   f o r   t i l t i n g   t h e   l i n k s   (33)  to  a  n o n - v e r t i c a l  

p o s i t i o n .  
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