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@  A  wrench  assembly  for  making  and  breaking  connec- 
tions  between  tubular  members,  such  as  a  drill  string  and  a 
top  drive  sub.  The  wrench  assembly  consists  of  a  lower 
wrench  (33)  and  an  upper  wrench  (31).  The  lower  wrench  (33) 
has  a  curved  gate  arm  (41)  and  a  curved  latch  arm  (43)  pivot- 
able  between  an  open  position  and  a  closed  position.  The 
gate  arm  (41)  has  a  plurality  of  teeth  on  its  outer  surface,  and 
the  latch  arm  (43)  has  a  plurality  of  teeth  on  its  inner  surface, 
for  locking  engagement  with  the  teeth  on  the  gate  arm  (41). 
The  lower  wrench  (33)  also  has  a  clamping  cylinder  (61)  and 
a  die  block  (59)  for  forcing  the  tubular  member  against  the 
gate  arm  (41).  The  upper  wrench  (31),  mounted  above  the 
lower  wrench  (33),  has  a  semicircular  plate  (65).  At  least  one 
spline  (67)  is  mounted  on  the  interior  surface  of  the  semicir- 
cular  plate  (59)  for  engagement  with  at  least  one  spline  on  the 
top  drive  sub.  A  fluid  cylinder  (71)  is  provided  for  applying 
torque  to  the  wrenches  to  rotate  one  of  the  wrenches  with 
respect  to  the  other  wrenches. 
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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   w r e n c h e s   a n d  

w r e n c h   a s s e m b l i e s   and  in  p a r t i c u l a r   to  a  w r e n c h   a s s e m b l y  

f o r   u se   w i t h   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  t h e   d r i l l i n g   of  o i l   and  gas   w e l l s ,   h y d r a u l i c a l l y  

p o w e r e d   w r e n c h e s   a r e   u s e d   to   make  and  b r e a k   c o n n e c t i o n s  

b e t w e e n   t u b u l a r   m e m b e r s .   The  w r e n c h   a s s e m b l i e s   g e n e r a l l y  

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

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

j o i n t   on  e i t h e r   s i d e   of  t h e   c o n n e c t i o n ,   and  t o r q u e   i s  

a p p l i e d   to   r o t a t e   t h e   w r e n c h e s   w i t h   r e s p e c t   to   one  a n o t h e r ,  

to   make  up  or  b r e a k   t h e   c o n n e c t i o n .   One  s u c h   w r e n c h   a s s e m -  

b l y   is   shown  in  US  p a t e n t   No.  4 , 3 4 8 , 9 2 0   ( B O Y A D J I E F F ) ,  

i s s u e d   S e p t e m b e r   14,  1982 .   One  d i s a d v a n t a g e   i n h e r e n t   i n  

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

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

A  top   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 h e   t o p   of  t h e   d r i l l   s t r i n g .   The  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   i s   g u i d e d   b y  

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   i s   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 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  t o p   d r i v e   sub  i s   t h e   b o t t o m  

u n i t   of  t h e   c y l i n d r i c a l   s t e m ,   and  i s   t h e   u n i t   to   w h i c h  

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

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

s t r i n g .   In  some  p r i o r   a r t   t o p   d r i v e   d r i l l i n g   s y s t e m s ,  

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

no t   r e m o v a b l e   t h e r e f r o m .   H o w e v e r ,   t h e r e   a r e   some  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   w r e n c h   a s s e m b l y   m a y  
be  r e t r a c t e d   away  f rom  t h e   d r i l l   s t r i n g .  

The  o b j e c t   of  t h e   i n v e n t i o n   i s   a  w r e n c h   and  w r e n c h  

a s s e m b l y   w h i c h   may  be  u s e d ,   w i t h o u t   a d j u s t m e n t ,   on  t u b u l a r  

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

A c c o r d i n g   to   t h e   i n v e n t i o n   t h e   w r e n c h   has   a  c u r v e d  

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

n e c t e d   to   t h e   f r a m e   of  t h e   w r e n c h .   The  g a t e   arm  has   a  



p l u r a l i t y   of  t e e t h   on  i t s   o u t e r   s u r f a c e ,   and  t h e   l a t c h   a r m  

has   a  p l u r a l i t y   of  t e e t h   on  i t s   i n n e r   s u r f a c e .   When  t h e  

g a t e   arm  and  t h e   l a t c h   arm  have   been   c l o s e d   a g a i n s t   t h e  

t u b u l a r   member ,   t he   t e e t h   on  t h e   g a t e   arm  w i l l   e n g a g e   c e r -  

t a i n   t e e t h   on  t h e   l a t c h   arm,   d e p e n d i n g   upon   t h e   d i a m e t e r  

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

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

p r i s e s   a  l o w e r   w r e n c h   and  an  u p p e r   w r e n c h .   The  u p p e r  
w r e n c h   of  t h e   w r e n c h   a s s e m b l y   has   a  s e m i c i r c u l a r   p l a t e  

h a v i n g   a t   l e a s t   one  v e r t i c a l   s p l i n e s .   The  s p l i n e ,   w h i c h  

may  be  b e v e l e d   on  t h e   u p p e r   e n d ,   a r e   a d a p t e d   to   e n g a g e   a t  

l e a s t   o n e  s p l i n e   on  t h e   t o p   d r i v e   sub  in  a  t o p   d r i v e   d r i l -  

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

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

c a p a b l e   of  c o n n e c t i n g   and  d i s c o n n e c t i n g   c o n n e c t i o n s   b e t w e e n  

a  t o p   d r i v e   sub  and  a  t o o l   j o i n t   on  a  d r i l l   s t r i n g   r e g a r d -  

l e s s   of  t h e   d i a m e t e r   of  t h e   t o o l   j o i n t .  

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   become   a p p a r e n t   i n  

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  a  p r e f e r r e d   e m b o d i -  

men t   shown  in  t h e   a c c o m p a n y i n g   d r a w i n g ,   w h e r e i n :  

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

a p p a r a t u s ;  

F i g .   2  i s   a  p e r s p e c t i v e   v i e w   of  t h e   ( l o w e r )   w r e n c h  

of  t h e   i n v e n t i o n ;  

F i g .   3  is   a  t o p   v i e w ,   p a r t i a l l y   in   s e c t i o n ,   s h o w i n g  

how  t h e   g a t e   arm  and  t h e   l a t c h   arm  e n g a g e   t u b u l a r   m e m b e r s  

of  d i f f e r e n t   d i a m e t e r s ;   a n d  

F i g .   4  i s   a  p e r s p e c t i v e   v i e w   of  t h e   w r e n c h   a s s e m b l y  
of  t h e   i n v e n t i o n .  

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 .   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   11  and  a  c o n v e n t i o n a l  

hook  13  a r e   s u s p e n d e d   by  c a b l e s   15  a b o v e   t h e   f l o o r   17  o f  

an  o i l   w e l l   d r i l l i n g   r i g .   A  t o p   d r i v e   u n i t   19,  w h i c h   is   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 ,   is   s u s p e n d e d   f r o m  

t h e   hook  13.  A  c a r r i a g e   21  g u i d e s   t h e   t o p   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 

t u b u l a r   m e m b e r ,   or  s t em  25,  e x t e n d s   downward   f rom  t h e   t o p  
d r i v e   u n i t   19.  The  u p p e r   end  of  a  d r i l l   s t r i n g   27  i s  



t h r e a d e d   to   a  t o p   d r i v e   sub  29,  w h i c h   is   t h e   l o w e s t   u n i t  

of  t h e   s t em  25.  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  

of  t u b u l a r   m e m b e r s ,   c a l l e d   p i p e   s e c t i o n s ,   and  has   a  r o t a -  

ry  r o c k   b i t   a t t a c h e d   a t   t h e   l o w e r   end  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   31  i s   u s e d   to  make  and  b r e a k   c o n -  

n e c t i o n s   in  t h e   s t em  25  and  t h e   c o n n e c t i o n   b e t w e e n   t h e  

t o p   d r i v e   sub  29  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   31  i s   m o u n t e d   on  t h e   c a r r i a g e   21,  and  i s   m o v a b l e   h o r i -  

z o n t a l l y   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 em   25,  o r  

t h e   d r i l l   s t r i n g   27,  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   31  i s  

a l s o   m o v a b l e   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   27.  When  t h e   w r e n c h   a s s e m b l y   31  i s   u s e d   to   make  o r  

b r e a k   t h e   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  

t o p   d r i v e   sub  29,  t h e   l o w e r   w r e n c h   33  g r i p s   t h e   t o o l   j o i n t  
35  on  t h e   u p p e r   end  of  t h e   d r i l l   s t r i n g   27,  and  t h e   u p p e r  
w r e n c h   37  e n g a g e s   t h e   t o p   d r i v e   sub  29.  The  t o p   d r i v e   s u b  

29  has   a  p l u r a l i t y   of  s p l i n e s   39  to  f a c i l i t a t e   t h e   e n g a g e -  
ment   b e t w e e n   t h e   w r e n c h   37  and  t h e   sub  2 9 .  

F i g u r e   2  shows  t h e   l o w e r   w r e n c h   33  in  t h e   c l o s e d  

p o s i t i o n .   The  l o w e r   w r e n c h   33  has   a  c u r v e d   g a t e   arm  41  a n d  

a  c u r v e d   l a t c h   arm  43,  p i v o t a l l y   c o n n e c t e d   to   a  f r a m e   45  

a t   p i v o t   p o i n t s   47  and  49,  r e s p e c t i v e l y .   The  g a t e   arm  4 1  

and  t h e   l a t c h   arm  43  a r e   p i v o t a b l e   b e t w e e n   t h e   c l o s e d   p o -  

s i t i o n ,   as  shown  in  F i g .   2,  and  an  open   p o s i t i o n   w h e r e i n  

t h e   w r e n c h   can   be  a p p l i e d   to   or  r e m o v e d   f rom  t h e   t o o l  

j o i n t   35.  A  f l u i d   c y l i n d e r   51,  53  is   c o n n e c t e d   to  e a c h  

arm  41,  43  to   p r o v i d e   means   f o r   p i v o t i n g   t h e   arms  b e t w e e n  

t h e   open   and  c l o s e d   p o s i t i o n s .   The  g a t e   arm  41  has   a  p l u -  

r a l i t y   of  l a t c h i n g   t e e t h   55  on  i t s   o u t e r   s u r f a c e ,   and  t h e  

l a t c h   arm  43  has   a  p l u r a l i t y   of  l a t c h i n g   t e e t h   57  on  i t s  

i n n e r   s u r f a c e   f o r   l o c k i n g   e n g a g e m e n t   w i t h   t h e   t e e t h   55  o n  

t h e   g a t e   arm  41.  A  d i e   b l o c k   59,  h a v i n g   t o n g   d i e s   58,  i s  

m o u n t e d   on  t h e   f r a m e   45  o p p o s i t e   t h e   g a t e   arm  41  and  l a t c h  

arm  43.  A  c l a m p i n g   c y l i n d e r   61  moves   t h e   d i e   b l o c k   59  

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

d r i l l   s t r i n g   27  and  an  e x t e n d e d   p o s i t i o n   a g a i n s t   t h e   d r i l l  

s t r i n g   27.  The  c l a m p i n g   c y l i n d e r   61  and  d i e   b l o c k   59  a r e   a  



means   f o r   f o r c i n g   t h e   t o o l   j o i n t   35  a g a i n s t   t h e   g a t e   a r m  

4 1 .  

F i g u r e   3  i l l u s t r a t e s   how  t h e   w r e n c h   i s   c a p a b l e   o f  

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

h a v i n g   to   be  a d j u s t e d .   The  s o l i d   l i n e s   show  t o n g   d i e s   60 

on  t h e   g a t e   arm  41  e n g a g i n g   a  t u b u l a r   member   62  of  a  

l a r g e r   d i a m e t e r .   The  t e e t h   55  on  t h e   g a t e   arm  41  e n g a g e  
t h e   t e e t h   57  on  t h e   l a t c h   arm  43,  and  t h e   s p e c i f i c   t e e t h  

57  w h i c h   a r e   e n g a g e d   a r e   n e a r   t h e   o u t e r   end  63  of  t h e  

l a t c h   arm  43.  When  t h e   g a t e   arm  41  e n g a g e s   a  t u b u l a r   mem- 

be r   64  of  a  s m a l l e r   d i a m e t e r ,   as  shown  in  shadow  in  F i g .  

3,  t he   t e e t h   55  on  t h e   g a t e   arm  41  e n g a g e   a  d i f f e r e n t   s e t  

of  t e e t h   57  on  t h e   l a t c h   arm  43.  In  t h i s   c a s e ,   t h e   e n -  

g a g e d   t e e t h   57  on  t he   l a t c h   arm  43  a r e   c l o s e r   to   t h e   p i v o t  

p o i n t   49.  For   t u b u l a r   m e m b e r s   of  v a r i o u s   d i a m e t e r s ,   t h e  

g a t e   arm  t e e t h   55  w i l l   e n g a g e   d i f f e r e n t   l a t c h   arm  t e e t h   5 7 .  

T h u s ,   t he   g a t e   arm  41  is   c a p a b l e   of  e n g a g i n g   t u b u l a r   mem-  

b e r s   h a v i n g   a  w ide   r a n g e   of  d i a m e t e r s ,   w i t h o u t   h a v i n g   t o  

be  a d j u s t e d .  

F i g u r e   4  shows  t h e   e n t i r e   w r e n c h   a s s e m b l y   31,  w h i c h  

c o n s i s t s   of  t he   l o w e r   w r e n c h   33  and  an  u p p e r   w r e n c h   3 7 .  

The  u p p e r   w r e n c h   37  d o e s   n o t   c o m p l e t e l y   e n c i r c l e   t h e   t o p  
d r i v e   sub  29  b u t   r a t h e r   has  a  s e m i c i r c u l a r   p l a t e   65.  A 

p l u r a l i t y   of  v e r t i c a l   s p l i n e s   67  a r e   m o u n t e d   on  t h e   i n t e -  

r i o r   s u r f a c e   of  t h e   s e m i - c i r c u l a r   p l a t e   65,   f o r   e n g a g i n g  

t h e   s p l i n e s   39  on  t h e   t o p   d r i v e   sub  29.  The  s p l i n e s   67 

on  t h e   u p p e r   w r e n c h   37  a r e   s p a c e d   a p a r t   so  as  t o   f i t  

b e t w e e n   t h e   s p l i n e s   39  on  t h e   t op   d r i v e   sub  29.  The  u p p e r  
end  of  e a c h   s p l i n e   67  i s   b e v e l e d   to  f a c i l i t a t e   e n g a g e m e n t  

w i t h   t h e   s p l i n e s   39  on  t h e   t o p   d r i v e   sub  29.  A  f l u i d   c y -  
l i n d e r   71  i s   a t t a c h e d   to   t h e   l o w e r   w r e n c h   33,  and  t h e  

p i s t o n   rod   73  is   c o n n e c t e d   to   t h e   u p p e r   w r e n c h   37.  When 

t h e   p i s t o n   rod   73  i s   e x t e n d e d ,   t he   u p p e r   w r e n c h   i s   r o t a t e d  

c o u n t e r c l o c k w i s e ,   r e l a t i v e   to   t h e   l o w e r   w r e n c h   33.  T h e  

f l u i d   c y l i n d e r   71  and  p i s t o n   rod   73  a r e   t h u s   means   f o r   a p -  

p l y i n g   t o r q u e   to   t h e   w r e n c h e s   33,  37  to   r o t a t e   one  of  t h e  

w r e n c h e s   w i t h   r e s p e c t   to   t h e   o t h e r   w r e n c h .  

In  o p e r a t i o n ,   t h e   w r e n c h   a s s e m b l y   31  i s   f i r s t   r e t r a c -  

t e d   away  f rom  t h e   s t e m ,   and  t h e n   l o w e r e d   to  a  p o s i t i o n  



b e l o w   t h e   c o n n e c t i o n   b e t w e e n   t h e   t o o l   j o i n t   35  and  t h e  

t o p   d r i v e   sub  29.  The  w r e n c h   a s s e m b l y   31  is  t h e n   e x t e n d e d  

back   to  t h e   c e n t e r   l i n e   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   31  i s   r a i s e d   to   e n g a g e   t h e   s p l i n e s   67  on  t h e   u p p e r  
w r e n c h   37  and  t he   s p l i n e s   39  on  t h e   t op   d r i v e   sub  2 9 .  

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

s p l i n e s   39,   67,  a i d e d   by  t h e   b e v e l s   69  a t   t h e   t op   of  t h e  

w r e n c h   s p l i n e s   67.  The  s p l i n e s   37  on  t h e   t o p   d r i v e   sub  29  

a r e   b e v e l e d   a t   t h e   l o w e r   e n d .  

When  t h e   u p p e r   w r e n c h   37  i s   a l i g n e d   w i t h   t h e   t o p  

d r i v e   sub  29,  t h e   l o w e r   w r e n c h   33  w i l l   be  a l i g n e d   w i t h  

t h e   t o o l   j o i n t   35  a t   t h e   t op   of  t h e   d r i l l   s t r i n g   27.  T h e  

f l u i d   c y l i n d e r   51  i s   a c t u a t e d   to   p i v o t   t h e   g a t e   arm  4 1  

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

g a t e   arm  41  c o n t a c t s   t h e   t o o l   j o i n t   35.  F l u i d   c y l i n d e r   53 

is  t h e n   a c t u a t e d   to   p i v o t   t h e   l a t c h   arm  43  to   c l o s e   o n t o  

t he   g a t e   arm  41.  The  l a t c h i n g   t e e t h   57  on  t h e   l a t c h   a r m  

43  m a y  o r   may  n o t   mesh   w i t h   t h e   t e e t h   55  on  t h e   g a t e   a r m  

41  a t   t h i s   p o i n t .   The  c l a m p i n g   c y l i n d e r   61  i s   t h e n   a c t u a -  

t e d   to  e x t e n d   t h e   d i e   b l o c k   59.  The  d i e   b l o c k   59  p u s h e s  

t h e   t o o l   j o i n t   35  a g a i n s t   t h e   g a t e   arm  41.  The  c l a m p i n g  

c y l i n d e r   61  e x e r t s   s u b s t a n t i a l   p r e s s u r e   and  o v e r c o m e s  

t h e   g a t e   arm  c y l i n d e r   51,  c a u s i n g   t h e   g a t e   arm  41  to   b e  

p u s h e d   b a c k .   The  g a t e   arm  41  w i l l   c o n t i n u e   to   be  p u s h e d  

back   u n t i l   t h e   t e e t h   55,  57  on  t h e   arms  41,   43  b e c o m e  

i n t e r l o c k e d .   The  p r e s s u r e   in  t h e   c l a m p i n g   c y l i n d e r   61  i s  

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

The  t o r q u i n g   c y l i n d e r   71  i s   t h e n  a c t u a t e d   to   r o t a t e   t h e  

u p p e r   w r e n c h   37  in  r e l a t i o n   to   t h e   l o w e r   w r e n c h   33,  t h u s  

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

sub  29  and  t h e   t o o l   j o i n t   35  on  t h e   d r i l l   s t r i n g   2 7 .  

To  r e m o v e   t h e   w r e n c h   a s s e m b l y   31  f rom  t h e   c o n n e c t i o n ,  

t h e   l o w e r   w r e n c h   33  is   f i r s t   r e l e a s e d .   To  r e l e a s e   t h e   l o w e r  

w r e n c h   33,  t h e   c l a m p i n g   c y l i n d e r   61  r e t r a c t s   t h e   d i e   b l o c k  

59  f rom  t h e   t o o l   j o i n t   35.  F l u i d   c y l i n d e r   53  t h e n   p i v o t s  

t h e   l a t c h   arm  43  to   t h e   open   p o s i t i o n ,   and  f l u i d   c y l i n d e r  

51  p i v o t s   t he   g a t e   arm  to  t h e   open   p o s i t i o n .   The  w r e n c h  

a s s e m b l y   31  i s   t h e n   l o w e r e d   to   d i s e n g a g e   t h e   s p l i n e s   3 9 ,  

67  on  t h e   t op   d r i v e   sub  29  and  t h e   t o p   w r e n c h   37.  T h e  



w r e n c h   a s s e m b l y   31  i s   r e t r a c t e d   away  f rom  t h e   c o n n e c t i o n ,  

r a i s e d ,   and  r e t u r n e d   to  i t s   s t o r a g e   p o s i t i o n   b e n e a t h   t h e  

t op   d r i v e   u n i t   1 9 .  

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

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 .   B e c a u s e   of  t h e   v a r i o u s  

t e e t h   57  on  t h e   l a t c h   arm  43  w h i c h   may  be  e n g a g e d   by  t h e  

g a t e   arm  t e e t h   55,  t h e   w r e n c h   a s s e m b l y   31  may  be  u s e d   o n  

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

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

37  and  t h e   t o p   d r i v e   sub  29  e l i m i n a t e s   t h e   need   to   r e p e a -  

t a b l y   g r i p   t h e   t op   d r i v e   sub  w i t h   t o n g   d i e s .   R e p e a t e d  

g r i p p i n g   w i t h   t o n g   d i e s   wou ld   damage   t h e   sub  29,  w h i c h  

m u s t   t h e n   be  r e p l a c e d .   The  w r e n c h   a s s e m b l y   31  of  t h e   i n v e n -  

t i o n   can  be  r e t r a c t e d   away  f rom  t he   s t em  25  and  t h e   d r i l l  

s t r i n g   27.  T h i s   c a p a b i l i t y   a l l o w s   t h e   w r e n c h   a s s e m b l y   31  

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

s t r i n g   27.  The  a b i l i t y   of  t h e   w r e n c h   a s s e m b l y   31  to   b e  

r a i s e d   to   t h e   s t o r a g e   p o s i t i o n ,   shown  in  F i g .   1,  a l l o w s  

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

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

be  a d d e d   to  t h e   d r i l l   s t r i n g   2 7 .  

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   one  o f  

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   is   n o t   so  l i m i t e d ,   b u 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 .   For   e x a m p l e ,   t h e   w r e n c h   a s s e m b l y   may  h a v e  

an  u p p e r   w r e n c h   of  t h e   same  d e s i g n   as  t h e   l o w e r   w r e n c h   33 

d e s c r i b e d   a b o v e .  



1.  A  w r e n c h   f o r   m a k i n g   and  b r e a k i n g   c o n n e c t i o n s   b e t -  

ween  t u b u l a r   m e m b e r s ,   c h a r a c t e r i z e d   b y  

(a)  a  f r a m e   ( 4 5 ) ;  

(b)  a  g a t e   arm  ( 4 1 ) ,   h a v i n g   l a t c h i n g   t e e t h   ( 5 5 ) ,  

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

t a b l e   b e t w e e n   an  open   p o s i t i o n   and  a  c l o s e d   p o s i t i o n ;  

(c)  a  l a t c h   arm  ( 4 3 ) ,   h a v i n g   l a t c h i n g   t e e t h   ( 5 7 )  

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

t e e t h   (55)  on  t h e   g a t e   arm  ( 4 1 ) ,   t h e   l a t c h   arm  (43)  b e i n g  

p i v o t a l l y   s e c u r e d   to  t h e   f r a m e   (45)  and  p i v o t a b l e   b e t w e e n  

an  open   p o s i t i o n   and  a  c l o s e d   p o s i t i o n ;  

(d)  means   ( 5 9 , 6 1 )   f o r   f o r c i n g   one  of  t h e   t u b u l a r  

m e m b e r s   a g a i n s t   t h e   g a t e   arm  ( 4 1 ) ;  

(e)  means   (51)  f o r   p i v o t i n g   t h e   g a t e   arm  (41)  b e t -  

ween  t h e   open   p o s i t i o n   and  t h e   c l o s e d   p o s i t i o n ;   a n d  

(f)  means   (53)  f o r   p i v o t i n g   t h e   l a t c h   arm  (43)  b e t -  

ween  t h e   open   p o s i t i o n   and  t h e   c l o s e d   p o s i t i o n .  
2.  The  w r e n c h   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   i n  

t h a t   t h e   g a t e   arm  i s   a  c u r v e d   g a t e   a rm,   t h e   i n n e r   s u r f a c e  

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

a  p l u r a l i t y   of  s a i d   l a t c h i n g   t e e t h   (55)  i s   p r o v i d e d   on  t h e  

o u t e r   s u r f a c e   of  t h e   g a t e   a rm,   and  t h a t   t h e   l a t c h   arm  ( 4 3 )  

is   a  c u r v e d   l a t c h   a rm,   t h e   i n n e r   s u r f a c e   of  t h e   l a t c h   a r m  

c o n t a c t s   t h e   o u t e r   s u r f a c e   of  t h e   g a t e   a rm,   and  a  p l u r a -  

l i t y   of  s a i d   l a t c h i n g  t e e t h   (57)  is   p r o v i d e d   f o r   l o c k i n g  

e n g a g e m e n t   w i t h   t h e   l a t c h i n g   t e e t h   on  t h e   g a t e   a r m .  

3.  A  w r e n c h   a s s e m b l y   f o r   m a k i n g   and  b r e a k i n g   c o n n e c -  

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

a t   l e a s t   one  s p l i n e ,   c h a r a c t e r i z e d   b y  

(a)  a  l o w e r   w r e n c h   ( 3 3 ) ,   f o r   e n g a g i n g   t h e   t u b u l a r  

m e m b e r ;  

(b)  an  u p p e r   w r e n c h   ( 3 7 ) ,   m o u n t e d   a b o v e   t h e   l o w e r  

w r e n c h ,   and  h a v i n g   a  s e m i c i r c u l a r   p l a t e   ( 6 5 ) ;  

(c)  means   (71)  f o r   a p p l y i n g   t o r q u e   to   t h e   w r e n c h e s  

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

w r e n c h ;   a n d  

(d)  a t   l e a s t   one  s p l i n e   ( 6 7 ) ,   on  t h e   i n t e r i o r   s u r -  

f a c e   of  t h e   s e m i c i r c u l a r   p l a t e   ( 6 5 ) ,   f o r   e n g a g i n g   a t   l e a s t  

one  s p l i n e   on  t h e   t o p   d r i v e   s u b .  



4.  The  w r e n c h   a s s e m b l y   a c c o r d i n g   to  c l a i m   3,  c h a r a c -  

t e r i z e d   in  t h a t   t h e   u p p e r   end  (69)  of  a t   l e a s t   one  s p l i n e  

(67)  i s   b e v e l e d   to  f a c i l i t a t e   e n g a g e m e n t   w i t h   t h e   s p l i n e  

on  t h e   t o p   d r i v e   s u b .  

5.  The  w r e n c h   a s s e m b l y   a c c o r d i n g   to   c l a i m   3  or  4 ,  

c h a r a c t e r i z e d   in  t h a t   t h e   l o w e r   w r e n c h   (33)  i s   a  w r e n c h  

a c c o r d i n g   to   c l a i m   1  or  2 .  
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