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©  Drilling  apparatus. 
©  The  invention  provides  a  drill  pipe  rotary  drive  mechan- 
ism  for  an  earth  drilling  apparatus  comprising  a  housing,  a 
drive  member  mounted  in  the  housing  for  rotation  therein 
about  a  rotary  axis  and  having  an  axial  bore  opentng  at  each 
end  to  the  exterior  of  the  housing,  and  a  drive  mechanism  in 
the  housing  for  rotatably  driving  the  drive  member.  A  drive 
coupling  tool  is  adapted  to  be  readily  removably  mounted  in 
the  drive  member  so  that  the  drive  mechanism  can  be  used 
for  rotatably  driving  different  types  of  earth  drilling  tools,  the 
coupling  tool  having  a  tubular  body  portion  telescopingly 
removably  mounted  in  the  axial  bore  of  the  drive  member, 
the  body  portion  having  an  axial  opening  extending  there- 
through  for  reception  of  a  portion  of  the  length  of  the  drill 
pipe,  a  flange  at  one  end  of  the  body  portion  for  abutting 
engagement  with  one  end  of  the  drive  member  for  axially 
locating  the  coupling  tool  in  the  drive  member,  the  coupling 
tool  being  adapted  to  be  non-rotatably  coupled  to  a  drilling 
tool  and  to  the  drive  member. 

The  invention  also  provides  a  dual-wall  drill  pipe  section 
comprising  an  outer  pipe  member  having  a  box  end  formed 
with  an  internal  thread  and  a  pin  end  formed  with  an  external 
thread  for  engagement  with  the  box  end  of  another  outer 
pipe  member,  the  bore  of  one  of  the  ends  of  the  outer  pipe 
member  is  formed  with  a  shoulder  and  a  circumferential, 
inwardly  facing  groove  axially  spaced  from  the  shoulder,  an 
inner  pipe  member  concentrically  disposed  within  the  outer 
pipe  member  so  as  to  define  an  annular  passage  between 

the  inner  and  outer  pipe  members,  spacer  members  con- 
nected  to  each  end  of  the  inner  pipe  member  and  disposed  in 
the  annular  passage  for  maintaining  concentricity  between 
the  inner  and  outer  pipe  members,  the  spacer  members  at 
one  end  of  the  inner  pipe  being  formed  with  a  shoulder  for 
abutting  engagement  with  the  shoulder  of  the  outer  pipe 
member  so  as  to  axially  locate  and  support  the  inner  pipe 
member  within  the  outer  pipe  member,  and  at  least  one 
spring  member  connected  to  the  inner  pipe  member  and 
having  a  portion  engageable  with  the  groove  of  the  outer 
pipe  member  for  resiliently  and  frictionally  retaining  the 
inner  pipe  member  within  the  outer  pipe  member  during 
drilling,  storage  and  handling  of  an  assembled  pipe  section. 
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T h i s   i n v e n t i o n   r e l a t e s   to  an  a p p a r a t u s   f o r  

d r i l l i n g   in  e a r t h   f o r m a t i o n s   and ,   m o r e  

p a r t i c u l a r l y ,   to  a  d r i l l  r i g   f o r   use  in  m i n e r a l  

e x p l o r a t i o n   and  the   l i k e .   The  i n v e n t i o n   a l s o  

r e l a t e s   to  a  d u a l - w a l l   p i p e   s e c t i o n   f o r   u se   in  a 

d r i l l   s t r i n g   f o r   d r i l l i n g   in  e a r t h   f o r m a t i o n s .  

As  i s   w e l l   know,  t h e r e  a r e   v a r i o u s   t y p e s   o f  

e a r t h   d r i l l i n g   t e c h n i q u e s ,   i n c l u d i n g   t h o s e   k n o w n  

as  d u a l   t u b e   d r i l l i n g ,   w i r e - l i n e   d r i l l i n g ,   d i a m o n d  

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

a u g e r s .   H e r e t o f o r e ,   d r i l l   r i g s   or  a p p a r a t u s   h a v e  

been   e s p e c i a l l y   d e s i g n e d  f o r   e ach   d i f f e r e n t   t y p e  
of  d r i l l i n g   and  s u b s t a n t i a l   c h a n g e s   of  t he   d r i l l  

r i g   w e r e   n e c e s s a r y   in  o r d e r   to  c h a n g e   f rom  o n e  

t y p e   of  d r i l l i n g   to  a n o t h e r   t ype   of  d r i l l i n g .  

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

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

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

a p p a r a t u s   a r e  n e c e s s a r y   to  a d a p t   t he   a p p a r a t u s   f o r  

a  d i f f e r e n t   s i z e   of  d r i l l   s t r i n g .   A  s t i l l   f u r t h e r  

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

are   n o t   a d a p t e d   f o r   c a r r y i n g   ou t   a l l   of  t h e  

f u n c t i o n s   w h i c h   a re   n e c e s s a r y   to  d r i v e   and  e x t r a c t  

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

W i t h   t r a n s p o r t a t i o n   c o s t s   r i s i n g   a t   an  e v e r  

i n c r e a s i n g   r a t e   and  m i n e r a l   e x p l o r a t i o n   b e i n g  

e x t e n d e d   to  more  r e m o t e   a r e a s ,   i n c l u d i n g  

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

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

p e r s o n n e l   to  the   d r i l l   s i t e .   For  r e a s o n s   w h i c h  

a re   a p p a r e n t ,   the   h e l i c o p t e r   has  r e c e i v e d   m u c h  

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

h e l i c o p t e r s   a re   u n a b l e   to  t r a n s p o r t   h e a v i e r  



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

p a r t i c u l a r l y   t h o s e   in  e l e v a t e d   r e g i o n s .   T h u s ,  
t h e r e   i s   a  need   f o r   l i g h t e r   d r i l l i n g   e q u i p m e n t  

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

h e l i c o p t e r   or  t r u c k s .  

The  p r e s e n t   i n v e n t i o n   p r o v i d e s   an  a r r a n g e m e n t  
w h i c h   is  e a s i l y   and  q u i c k l y   m o d i f i e d   f o r  

a s s e m b l i n g   d r i l l   s t r i n g   and  d r i l l i n g   a  b o r e   h o l e ,  

d i s m a n t l i n g   a  d r i l l   s t r i n g   and  use   w i t h   d i f f e r e n t  

s i z e s   of  d r i l l   p i p e .  

The  f o r e g o i n g   a re   a c h i e v e d   by  t h e   p r o v i s i o n   o f  

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

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

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

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

d r i v e   member  or  s p i n d l e   r o t a t a b l y   and  d r i v i n g l y  

m o u n t e d   in  t h e   h o u s i n g .   The  s p i n d l e   e x t e n d s  

t h r o u g h   the   h o u s i n g   and  is  f o r m e d   w i t h   an  a x i a l  

o p e n i n g   h a v i n g   m e a n s ,   s u c h   as  s p l i n e s   or  t h e   l i k e ,  
f o r   t e l e s c o p i n g l y   r e c e i v i n g   and  n o n - r o t a t a b l y  

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

c o u p l i n g   t o o l s .  

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

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

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

a s s e m b l i n g   and  d r i v i n g   a  d r i l l   s t r i n g   i n t o   a n  

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

i n t e n d e d   p r i m a r i l y   f o r   use   in  d i s m a n t l i n g   a n d  

e x t r a c t i n g   a  d r i l l   s t r i n g   f rom  an  e a r t h  

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

f r o m   one  a n o t h e r   in  t h a t   i t   is  s p e c i f i c a l l y  
c o n s t r u c t e d   f o r   c o u p l i n g   to  a  d r i l l   p i p e   of  a  

p a r t i c u l a r l y   o u t s i d e   d i a m e t e r .   H o w e v e r ,   a l l   o f  

t h e   t o o l s   h a v e   s u b s t a n t i a l l y   the   same  e x t e r i o r  



c o n f i g u r a t i o n   so  t h a t   a l l   can  be  m o u n t e d  i n   a n d  

d r i v e n   by  t he   d r i v e   s p i n d l e   w i t h o u t   a n y  
m o d i f i c a t i o n   of  t he   d r i v e   m e c h a n i s m .  

Each   c o u p l i n g   t o o l   a l s o   i n c l u d e s   an  a x i a l  

o p e n i n g   t h r o u g h   wh ich   a  p o r t i o n   of  a  d r i l l   p i p e  

e x t e n d s .   One  end ,   t h e   u p p e r   e n d ,   of  t he   t o o l s   i s  

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

a b u t t i n g l y   e n g a g a b l e   w i t h   t he   u p p e r   end  of  t h e  

d r i v e   s p i n d l e .   The  o t h e r   end ,   t h e   l o w e r   e n d ,   i s  

f o r m e d   to  r e c e i v e   means  fo r   r e m o v a b l y   r e t a i n i n g  

t h e   t o o l   o p e r a t i v e l y   d i s p o s e d   in  t h e   d r i v e  

s p i n d l e .   In  a d d i t i o n ,   the   f l a n g e   and  r e t a i n i n g  

means   c o o p e r a t e   to  d e f i n e   p r e d e t e r m i n e d   l i m i t s   o f  

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

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

of  d r i l l   p i p e   s e c t i o n s   as  w i l l   be  d e s c r i b e d   i n  

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

When  i t   is  d e s i r e d   to  a s s e m b l e   and  d r i v e   a  

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

s i z e   of  t h e   f i r s t   c a t e g o r y   is   s e l e c t e d   and   s i m p l y  

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

d r i v e   s p i n d l e   o p e n i n g   u n t i l   t he   f l a n g e   s e a t s   o n t o  

t h e   u p p e r   end  of  the   s p i n d l e   and  t h e n   t h e  

r e t a i n i n g   means   is  a t t a c h e d   to  t h e   l o w e r   end  o f  

t h e   t o o l .   W h e n  i t   is   d e s i r e d   to  d r i v e   p i p e   of  a 

d i f f e r e n t   s i z e   or  d i s m a n t l e  t h e   d r i l l   s t r i n g ,   t h e  

r e t a i n i n g   means  is  s i m p l y   r e m o v e d   f r o m   t he   t o o l  

m o u n t e d   in  t he   d r i v e   s p i n d l e ,   t h e   t o o l  

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

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

a b o v e .   T h u s ,   i t   w i l l   b e  s e e n  t h a t   t h e  

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

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



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

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

In  o r d e r   to  r e n d e r   the   d r i l l i n g   r i g   c a p a b l e   o f  

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

c o n s t r u c t e d   in   a t   l e a s t   two  m o d u l e s   so  t h a t   e a c h  

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

d r i l l i n g   s i t e .   One  m o d u l e   c o n s i s t s   of  an  a i r  

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

and  p r i m e   m o v e r ,   f o r   s u p p l y i n g   a i r   down  the   d r i l l  

s t r i n g   as  i s   w e l l   k n o w n .   A n o t h e r   m o d u l e   c o n s i s t s  

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

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

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

r e s e r v o i r .   The  mas t   a s s e m b l y   i s   a l s o   c o n s t r u c t e d  

as  an  i n t e g r a l   u n i t   w h i c h   is  r e m o v a b l y   m o u n t e d   o n  

t h e   m o d u l e .   T h u s ,   i f   a  p a r t i c u l a r   v e h i c l e   o r  

h e l i c o p t e r   d o e s   no t   have   t he   c a p a c i t y   to  c a r r y   t h e  

e n t i r e   m o d u l e ,   t he   m a s t   a s s e m b l y   can   r e a d i l y   b e  

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

t h e   d r i v e   m e c h a n i s m   a c t u a t i n g   m e a n s   is  a r r a n g e d   i n  

s u c h   a  m a n n e r   as  to  r e d u c e   t h e   s t r e n g t h  

r e q u i r e m e n t s   of  the   mas t   and  t h e r e b y   r e d u c e   t h e  

o v e r a l l   w e i g h t   of  t h e   m o d u l e .  

D u a l - w a l l e d   d r i l l   p i p e   u s e d   f o r   d r i l l i n g   b o r e  

h o l e s   in  e a r t h   f o r m a t i o n s   a r e   w e l l   k n o w n .  

G e n e r a l l y ,   b o r e   h o l e s   a r e   f o r m e d   by  r o t a t i n g   o r  

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

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

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

r i g .   The  d r i l l   s t r i n g   is  c o m p r i s e d   of  an  o u t e r  

p i p e   s t r i n g ,   to  t he   l o w e r   end  of   w h i c h   i s  

c o n n e c t e d   a  d r i l l   b i t ,   and  an  i n n e r   p i p e   s t r i n g .  

The  i n n e r   and  o u t e r   p i p e   s t r i n g s   t o g e t h e r   d e f i n e  

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



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

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

to  r e t u r n   the   a i r   and  c u t t i n g   b i t s   to  the   s u r f a c e .  

The  o u t e r   p i p e   s t r i n g   is   f o r m e d   by  a  p l u r a l i t y  

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

p i p e .   The  o u t e r   p i p e   s t r i n g   s e r v e s   to  t r a n s f e r  

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

d r i l l   b i t   and  a b s o r b   a x i a l   f o r c e s   s u c h   as  t h o s e  

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

b o r e   h o l e .   The  a x i a l  f o r c e s   may  be  s u b s t a n t i a l  

d e p e n d i n g   upon  the   l e n g t h   of  t h e   d r i l l   s t r i n g .  

A c c o r d i n g l y ,   t he   o u t e r   p i p e   s t r i n g   is  a  h i g h  

s t r e n g t h   a s s e m b l y   wh ich   mus t   be  d e s i g n e d   t o  

w i t h s t a n d   t h e s e   l o a d s .  

The  i n n e r   p i p e   s t r i n g   is   a l s o   f o r m e d   by  a 

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

a l t h o u g h   no t   t h r e a d e d l y   c o n n e c t e d .   The  p r i m a r y  

f u n c t i o n   of  t he   i n n e r   p i p e   s t r i n g   is   to  d e f i n e   t h e  

two  a b o v e - m e n t i o n e d   f l u i d   p a s s a g e w a y s .   I t   n e e d  

n o t   t r a n s f e r   r o t a r y   or  p e r c u s s i v e   f o r c e s   to  t h e  

d r i l l   b i t   and ,   a c c o r d i n g l y ,   n e e d   n o t   meet   the  h i g h  

s t r e n g t h   r e q u i r e m e n t s   of  t h e   o u t e r   p i p e   s t r i n g .  

T h u s ,   i t   may  be  c o n s t r u c t e d   of  t h i n n e r - w a l l e d   t u b e .  

In  o r d e r   to  m i n i m i z e  t h e   s t r e n g t h   r e q u i r e m e n t s  

and ,   h e n c e   t he   s i z e   of  t h e   i n n e r   p i p e ,   i t   is  k n o w n  

to  p r e m o u n t   and  s e c u r e   an  i n n e r   p i p e   to  a n  

a s s o c i a t e d   o u t e r   p i p e   so  as  to  fo rm  a  d u a l - w a l l  

d r i l l   p i p e   s e c t i o n   or  a s s e m b l y .   In  t h i s   m a n n e r ,  
t h e   w e i g h t   of  e a c h   i n n e r   p i p e   is   t r a n s f e r r e d  

d i r e c t l y   to  i t s   a d j a c e n t   o u t e r   p i p e .   A  d r a w b a c k  

of  t h i s   a r r a n g e m e n t   is  t h a t   i f   e i t h e r   the   i n n e r   o r  

o u t e r   p i p e   is  d a m a g e d ,   i t   is   d i f f i c u l t   to  s e p a r a t e  
t he   t w o  l e n g t h s   of  p i p e   so  as  to  r e p l a c e   t h e  

d a m a g e d   p i p e .   On  the   o t h e r   h a n d ,   i f   t he   i n n e r  



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

o u t e r   p i p e ,   t he   a s s e m b l y   may  be  d i f f i c u l t   t o  

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

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

of  t h e   two  p i p e s   to  t e l e s c o p i c a l l y   s l i d e   w i t h  

r e s p e c t   to  one  a n o t h e r . .  

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

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

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

o u t e r   p i p e   member  so  as  to  f a c i l i t a t e   s e p a r a t i o n  

of   t he   two  p i p e   members   in  t h e   e v e n t   t h a t   one  o f  

t h e   two  members   is   damaged  and  m u s t   be  r e p l a c e d  

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

h a n d l i n g .   The  a s s e m b l y   mus t   a l s o   be  a r r a n g e d   s o  

t h a t   no  r o t a r y   f o r c e s   a re   t r a n s m i t t e d   f rom  t h e  

o u t e r   p i p e   member  to  t h e   i n n e r   p i p e   member  d u r i n g  

d r i l l i n g .  

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

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

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

p a r t i c u l a r ,   an  a r r a n g e m e n t   w h i c h   m i n i m i z e s   t h e  

w a l l   t h i c k n e s s   of  t he   i n n e r   p i p e   s t r i n g   a n d  

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

of   d r i l l   s t r i n g s .   In  a c c o r d a n c e   w i t h   one  a s p e c t  

of  t h e   i n v e n t i o n ,   t he   i n n e r   and  o u t e r   p i p e   m e m b e r s  

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

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

w i t h i n   an  a s s o c i a t e d   o u t e r   p i p e   member   a n d  

t r a n s f e r   t h e  w e i g h t   of  t he   i n n e r   p i p e   member  a n d  

any  o t h e r   a x i a l   l o a d s   a p p l i e d   to   t h e   i n n e r   p i p e  

member  d i r e c t l y   to  i t s   a s s o c i a t e d   o u t e r   p i p e  

m e m b e r .   As  a  r e s u l t ,   the   l o w e r   i n n e r   p i p e   m e m b e r s  

of  t h e   i n n e r   d r i l l   s t r i n g   n e e d   n o t   a b s o r b   any  m o r e  

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



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

t h e   s t r e n g t h   r e q u i r e m e n t s   and  c o s t   of   t h e   i n n e r  

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

t h e   p r e s e n t   i n v e n t i o n ,   t h e r e   is   p r o v i d e d   m e a n s  

r e l e a s a b l y   r e t a i n i n g   the   i n n e r   p i p e   member   w i t h i n  

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

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

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

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

s t r i n g s .  

The  p r e s e n t  i n v e n t i o n   is  g e n e r a l l y   d e f i n e d   a s  

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

c o m b i n a t i o n ,   an  o u t e r   p i p e   member  h a v i n g   a n  

i n t e r n a l l y   t h r e a d e d   box  end  and  an  e x t e r n a l l y  

t h r e a d e d   p i n  e n d ,   and  an  i n n e r   p i p e   m e m b e r  

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

t h e   o u t e r   p i p e   member  and  d e f i n i n g   t h e r e w i t h   a 

g e n e r a l l y   t u b u l a r   f l u i d   p a s s a g e .   R e c e s s   means   i s  

f o r m e d   on  one  of  t he   members   w i t h i n   t h e   p a s s a g e  
and  means   a s s o c i a t e d   w i t h   the   o u t e r   of   t h e   m e m b e r s  

is   e n g a g e a b l e   w i t h   the   r e c e s s   means   f o r   r e l e a s a b l y  

r e t a i n i n g   t h e   i n n e r   p i p e   member  w i t h i n   t h e   o u t e r  

p i p e   m e m b e r .  

T h e s e   and  o t h e r   f e a t u r e s   of  t he   i n v e n t i o n   w i l l  

b e c o m e   more  a p p a r e n t   f rom  the   f o l l o w i n g  

d e s c r i p t i o n   in  w h i c h   r e f e r e n c e   is  made  to  t h e  

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

F i g u r e   1  is  a  v iew  i l l u s t r a t i n g   a  form  o f  

d r i l l   p i p e   w i t h   w h i c h   the  p r e s e n t   d r i l l   r i g   i s  

a d a p t e d   to  be  u s e d ;  

F i g u r e   2  i s   a  d i a g r a m m a t i c ,   p e r s p e c t i v e   v i e w  

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

r i g   of  t h e   p r e s e n t   i n v e n t i o n ;  



F i g u r e   3  is  a  s i d e   e l e v a t i o n a l   v i e w   of  t h e  

c a r r i a g e   and  p i p e   d r i v e   m e c h a n i s m ;  

F i g u r e   4  is  a  r e a r   e l e v a t i o n a l   v i e w   of  t h e  

a s s e m b l y   of  F i g u r e   3 ;  

F i g u r e   5  is  a  p a r t i a l   c r o s s - s e c t i o n a l   v i e w   o f  

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

F i g u r e   5a  is  a  p a r t i a l l y   b r o k e n   e l e v a t i o n a l  

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

t o   a  c o u p l i n g   t o o l   and  the   i n n e r   p i p e   member   of  a  

d u a l - w a l l   d r i l l   p i p e ;  

F i g u r e   6  is   a  p a r t i a l l y   b r o k e n   t o p   v i e w   of  t h e  

p i p e   d r i v e   m e c h a n i s m   i l l u s t r a t e d   in   F i g u r e   5 ;  

F i g u r e   7  is   a  top   v i ew  of  a  p i p e   e n g a g i n g   t o o l  

u s e d   f o r   d i s m a n t l i n g   or  " b r e a k i n g "   a  p i p e   j o i n t ;  

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

l i n e   8 -8   of  F i g u r e   7 .  

F i g u r e s   9  and  10  a re   v i e w s   s i m i l a r   to   F i g u r e s  

7  and  8  r e s p e c t i v e l y   bu t   i l l u s t r a t i n g   a  t o o l   f o r  

u s e   w i t h   a  s m a l l e r   s i z e   of  p i p e ;  

F i g u r e   11  is   a  c r o s s - s e c t i o n a l   v i e w   of  a  p i p e  

d r i v e   t o o l   s i m i l a r   to  t h a t   i l l u s t r a t e d   in  F i g u r e   5 

b u t   f o r   use   w i t h   s m a l l e r   d r i l l   p i p e ;  

F i g u r e s   12  and  13  a r e   a  t o p   and  e d g e   v i e w ,  

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

a  p i p e   e n g a g i n g   t o o l   on  t he   t op   d r i v e ;  

F i g u r e s   14  and  15  a r e   a  top   a n d  

c r o s s - s e c t i o n a l   v i e w   t a k e n   a l o n g   l i n e   1 5 - 1 5 ,  

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

w i t h   t h e   s p l i t   r i n g ;  

F i g u r e   16  i s  a   s i d e ,   p a r t i a l l y   c r o s s - s e c t i o n a l  

v i e w   of  t he   c a r r i a g e ;  

F i g u r e   17  is   a  f r o n t   v i ew   of  t h e   c a r r i a g e   a n d  

t o p   d r i v e   a s s e m b l y ;  



F i g u r e s   18  and  19  a r e   s i d e   and  f r o n t   v i e w s ,  

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

p u l l - u p   a s s e m b l y   s h o w i n g   the   mas t   in  d o t t e d   a n d  

d a s h e d   l i n e s ;  

F i g u r e s   20  and  21  a r e   v i e w s   s i m i l a r   to  F i g u r e s  

18  and  19  b u t   i l l u s t r a t i n g   a  c a r r i a g e   a c t u a t i n g  

m e c h a n i s m   p u l l - d o w n   a s s e m b l y ;  

F i g u r e s   22  and  23  a r e   v i e w s   s i m i l a r   to  F i g u r e s  

18  and  19 ,   r e s p e c t i v e l y ,   b u t   i l l u s t r a t i n g   t h e  

h o i s t   m e c h a n i s m ;  

F i g u r e   24a  is  a  l o n g i t u d i n a l   c r o s s - s e c t i o n a l  

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

s t r i n g ;  

F i g u r e   24b  is  a  b o t t o m   v iew  of  the   h o i s t   p l u g  

of  F i g u r e   2 4 a ;  

F i g u r e   25  is   a  top  v i e w   of  t he   b r e a k - o u t  

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

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

F i g u r e   26  is  a  b r o k e n ,   p a r t i a l   c r o s s - s e c t i o n a l  

v i e w   of   a  d r i l l   p i p e   s e c t i o n   of  the   p r e s e n t  

i n v e n t i o n ;  

F i g u r e   27  is  a  b r o k e n ,   c r o s s - s e c t i o n a l   v i ew   o f  

t h e   o u t e r   p i p e   member  of  t he   d r i l l   p i p e   of  t h e  

p r e s e n t   i n v e n t i o n ;  

F i g u r e   28  is  a  b r o k e n ,   c r o s s - s e c t i o n a l   v i e w   o f  

t h e   i n n e r   p i p e   member  of  the   d r i l l   p i p e   s e c t i o n   o f  

t h e   p r e s e n t   i n v e n t i o n ;  

F i g u r e   29  is  a  top  end  v iew  o f  t h e   i n n e r   p i p e  

member   i l l u s t r a t e d   in  F i g u r e   2 8 ;  

F i g u r e   30  is   a  b o t t o m   v iew  of  t he   i n n e r   p i p e  

member   i l l u s t r a t e d   in  F i g u r e   2 8 ;  

F i g u r e   31  is  an  edge   v iew  o f  t h e   i n n e r   p i p e  
member   r e s i l i e n t l y   r e t a i n i n g   t o g e t h e r   t h e   i n n e r  

and  o u t e r   p i p e   m e m b e r s ;   a n d  



F i g u r e   32  is  a  top   v i e w   of  t h e   s t r i n g  

i l l u s t r a t e d   in   F i g u r e   3 1 .  

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

p r e s e n t   i n v e n t i o n   is  to   a s s e m b l e   and  r o t a t a b l y  

d r i v e   a  d r i l l   s t r i n g   i n t o   an  e a r t h   f o r m a t i o n   a t   a  

d e s i r e d   d r i l l i n g   s i t e  a n d   e x t r a c t   and  d i s m a n t l e  

t h e   d r i l l   s t r i n g .   A  d r i l l   s t r i n g   is  c o m p r i s e d   o f  

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

l e n g t h   of  p i p e   is   t h r e a d e d   a t   e a c h   end  f o r  

t h r e a d e d   e n g a g e m e n t   w i t h   one  end  of  an  a d j a c e n t  

p i p e .  

As  shown  i n - F i g u r e   1,  one   end  of  t h e   p i p e   10  

is  f o r m e d   w i t h   i n t e r n a l   t h r e a d   and  is  r e f e r r e d   t o  

as  a  " b o x "   12.  The  o t h e r   end  of  t h e   p i p e   i s  

f o r m e d   w i t h   an  e x t e r n a l   t h r e a d ,   r e f e r r e d   to  as  a  

" p i n "   14.   A  c u t t i n g   b i t   ( n o t   shown)   i s   c o n n e c t e d  

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

A d j a c e n t   t h e   box  and  p i n   of  e a c h   p i p e   s e c t i o n  

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

r e c e s s e s   or  s l o t s .   The  s l o t s   a r e   p r o v i d e d   f o r  

t h r e a d e d l y   e n g a g i n g   and   d i s e n g a g i n g   ( " b r e a k i n g " )   a  

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

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

and  c a l l e d   " b o x   end  b r e a k - o u t   s l o t s "   16,  w h i l e   t h e  

s l o t s   a d j a c e n t   t h e   p i n ,   c a l l e d   " p i n   end  b r e a k - o u t  

s l o t s "   18,  a r e   e n g a g e a b l e   w i t h   p i v o t e d   dogs   of  a  

b r e a k - o u t   t o o l   r e m o v a b l y   m o u n t e d   in  t h e   p i p e   d r i v e  

m e c h a n i s m .  

W h i l e   n o t   l i m i t e d   t h e r e t o ,   t he   p r e s e n t  

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

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

p i p e   20  is   c o n c e n t r i c a l l y   m o u n t e d   w i t h i n   t h e   a b o v e  

d e s c r i b e d   p i p e   in  a  w e l l   known  m a n n e r .   The  i n n e r  

and  o u t e r   p i p e   members   t o g e t h e r   d e f i n e   an  a n n u l a r  

p a s s a g e w a y   22  f o r   c o m m u n i c a t i n g   a  f l u i d ,   s u c h   a s  



a i r ,   f rom  t h e   s u r f a c e   to  t he   c u t t i n g   b i t   and  t h e  

i n n e r  p i p e   d e f i n e s   a  b o r e   24  f o r   c o m m u n i c a t i n g   t h e  

f l u i d   and  c u t t i n g s   to  t he   s u r f a c e .  

The  m a j o r   c o m p o n e n t s   of  t h e   d r i l l   r i g   a r e  

p r o v i d e d   by  two  s e p a r a t e   m o d u l e s   25  and  26,  e a c h  

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

h e l i c o p t e r .   Module   25  i n c l u d e s   a  s l e d   or  b a s e   27 

on  w h i c h   a re   m o u n t e d   a  mas t   a s s e m b l y   30,   a  p r i m e  

mover   28,  such   as  a  d i e s e l   e n g i n e ,   a  h y d r a u l i c  

s y s t e m   29  i n c l u d i n g   a  h y d r a u l i c   pump  and  r e s e r v o i r  

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

c y l i n d e r s   and  m o t o r s   of  a  m a s t   a s s e m b l y   3 0 .  

M o d u l e   26  i n c l u d e s   a  s l e d   31  c a r r y i n g   a  c o m p r e s s e d  

a i r   s y s t e m   33,  i n c l u d i n g   an  e n g i n e   35,  a  

c o m p r e s s o r   and  r e s e r v o i r   37,   f o r   s u p p l y i n g  

p r e s s u r i z e d  a i r   v i a   c o n d u i t   39  to  an  a i r   s w i v e l  

d i s c h a r g e   d e v i c e   41  m o u n t e d   on  a  d r i l l   p i p e   d r i v e  

m e c h a n i s m   of  a s s e m b l y   30.  The  d i s c h a r g e   d e v i c e ,  

in  t u r n ,   s u p p l i e s   a i r   to  p a s s a g e w a y   22  a s  

e x p l a i n e d   e a r l i e r ' .   The  a i r   s w i v e l   d i s c h a r g e  

d e v i c e   a l s o   c o n n e c t s   t he   o u t l e t   of  b o r e   24  o f  

i n n e r   p i p e   20  to  a  c y c l o n e   43  v i a   c o n d u i t   45  in  a  

m a n n e r   w e l l   known  to  t h o s e   s k i l l e d   in  t h i s   a r t .  

L e n g t h s   of  p i p e   s e c t i o n s   10  a r e   s t o r e d   in  a  p i p e  

r a c k   47  as  shown  in  F i g u r e   2 .  

The  mas t   a s s e m b l y   30  ( F i g u r e   2)  i n c l u d e s   a  

m a s t   32  h a v i n g   a  t r a c k   34,  a  c a r r i a g e   36  m o v a b l e  

a l o n g   the   t r a c k ,   a  d r i l l   p i p e   r o t a r y   d r i v e  

m e c h a n i s m   38  m o u n t e d   on  the   c a r r i a g e ,   a  c a r r i a g e  

a c t u a t i n g   m e c h a n i s m   40  m o u n t e d   on  the   m a s t ,   a  

h o i s t   m e c h a n i s m   42  f o r   h o i s t i n g   t h e   d r i l l   s t r i n g  

or  t h e   d r i v e   m e c h a n i s m   m o u n t e d   on  t h e   mas t   and  a  

" b r e a k - o u t   w r e n c h "   m e c h a n i s m   44  ( F i g u r e   2 5 )  

m o u n t e d   on  the   b a s e   of  the   m a s t .   Each  of  t h e s e  



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

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

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

c o m p o n e n t s .  

The  m a s t   32  o p e r a t i v e l y   s u p p o r t s   t he   o t h e r  

a b o v e - m e n t i o n e d   c o m p o n e n t s   of  t h e   a s s e m b l y   30.  I t  

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

The  t r a c k   34  e x t e n d s   l o n g i t u d i n a l l y   of  t he   m a s t  

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

d i s p o s e d   a t   two  a d j a c e n t   c o r n e r s   a t   t h e   f r o n t   s i d e  

of   t h e   m a s t .   The  mas t   i s   i l l u s t r a t e d   in  d e t a i l   i n  

F i g u r e s   2  and  1 8 - 2 3   ( i n   p h a n t o m   l i n e s ) .  

The  c a r r i a g e   36  i s   c o n n e c t e d   to  a c t u a t i n g  

m e c h a n i s m   40  f o r   v e r t i c a l   m o v e m e n t   a l o n g   t r a c k  

34.   I t s   p r i m a r y   f u n c t i o n   is  to  s u p p o r t   the   p i p e  

d r i v e   m e c h a n i s m   38.   C a r r i a g e   36  is   b e s t  

i l l u s t r a t e d   in  F i g u r e s   3,  4,  16  and  1 7 .  

The  r o t a r y   p i p e   d r i v e   m e c h a n i s m   3 8 ,  

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

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

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

p o s i t i o n   and  a  s e c o n d   p o s i t i o n .   The  f i r s t  

p o s i t i o n   i s   t h e   n o r m a l   o p e r a t i n g   p o s i t i o n   of  t h e  

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

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

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

t h r e a d e d l y   e n g a g e s   or  d i s e n g a g e s   a  p a i r   of  p i p e  

s e c t i o n s   or  h o i s t s   t h e   d r i l l   s t r i n g   as  w i l l   b e  

e x p l a i n e d   in  g r e a t e r   d e t a i l   l a t e r .   The  s e c o n d  

p o s i t i o n   is  t he   p o s i t i o n   in  w h i c h   t h e   top   d r i v e   i s  

d i s p o s e d   when  p i p e   is   a d d e d   and  r e m o v e d .   In  t h i s  

p o s i t i o n ,   the   top   d r i v e   is   d i s p o s e d   a b o u t   90°  f r o m  

t h e   f i r s t   p o s i t i o n   w i t h   t h e   u n d e r s i d e   of  t he   t o p  



d r i v e   f a c i n g   o u t w a r d l y   away  f rom  the   mas t   and  t h e  

r o t a r y   a x i s   i s   s u b s t a n t i a l l y   h o r i z o n t a l .   A  d e t e n t  

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

the   top  d r i v e   in   e i t h e r   p o s i t i o n .   The  top   d r i v e  

is   i l l u s t r a t e d   in  F i g u r e s   3 - 6 .  

The  c a r r i a g e   a c t u a t i n g   m e c h a n i s m   40  i s  

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

c y l i n d e r s   d i s p o s e d   on  o p p o s i t e   s i d e s   of  t he   m a s t ,  

a d j a c e n t   t he   s i d e   on  w h i c h   the   c a r r i a g e   i s  

m o v e a b l e ,   and  m o u n t e d   on  the   b a s e   of  the   m a s t .  

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

to  the  c a r r i a g e   by  c a b l e s   a r r a n g e d   f o r  

s e l e c t i v e l y ,   r e v e r s i b l y   a c t u a t i n g   the   c a r r i a g e .  

The  a c t u a t i n g   m e c h a n i s m   is  b e s t   i l l u s t r a t e d   i n  

F i g u r e s   1 8 - 2 1 .  

The  h o i s t   m e c h a n i s m   42  is  g e n e r a l l y   c o m p r i s e d  

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

t h e   s i d e   of  t h e   m a s t   o p p o s i t e   t he   s i d e   on  w h i c h  

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

c rown  of  t h e   m a s t .   The  h o i s t   m e c h a n i s m   i s  

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

of  p i p e   of  d r i l l   s t r i n g   or  t he   top  d r i v e   f o r  

r a i s i n g   the   d r i l l   s t r i n g ,   as  w i l l   be  e x p l a i n e d   i n  

g r e a t e r   d e t a i l   h e r e i n a f t e r .   The  h o i s t   m e c h a n i s m  

is   b e s t   i l l u s t r a t e d   in  F i g u r e s   22  and  2 3 .  

The  b r e a k - o u t   w r e n c h   m e c h a n i s m   44  i s   a  

h y d r a u l i c a l l y   a c t u a t e d ,   e x t e n d a b l e   and  r e t r a c t a b l e  

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

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

d i s a s s e m b l y   of  a  d r i l l   s t r i n g .   The  b r e a k - o u t  

m e c h a n i s m   is   b e s t   i l l u s t r a t e d   in  F i g u r e   2 5 .  

ROTARY  PIPE  DRIVE  MECHANISM -  TOP  DRIVE 

The  top   d r i v e  3 8 ,   i l l u s t r a t e d   in  F i g u r e s   3 - 6 ,  

is  g e n e r a l l y   c o m p r i s e d   of  a  t r a n s m i s s i o n   or  g e a r  



box  50,   a  s p e e d   r e d u c e r   52,  and  a  h y d r a u l i c   m o t o r  

54.  The  s p e e d   r e d u c e r   52  is  d r i v i n g l y   c o n n e c t e d  

to  t h e   i n p u t   s h a f t   56  of  t h e   g e a r   box  and  b o l t e d  

to  t h e   g e a r   box  c a s i n g   58  w h i l e   t h e   h y d r a u l i c  

m o t o r   54,  w h i c h   is  p r e f e r a b l y   of  t h e   r e v e r s i b l e ,  

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

and  b o l t e d   to  t he   s p e e d   r e d u c e r   52,   as  shown  i n  

F i g u r e s   3  and  4.  The  m o t o r   i s   c o n n e c t e d   t o  

h y d r a u l i c   s y s t e m   29  v i a   a p p r o p r i a t e   c o n d u i t s   53 

( F i g u r e   4 ) .   The  s p e e d   r e d u c e r   and  m o t o r   a r e   o f  

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

n e i t h e r   i l l u s t r a t e d   no r   d e s c r i b e d   in  d e t a i l   h e r e i n .  

C a s i n g   58  is  g e n e r a l l y   of  b o x - s h a p e d  

c o n f i g u r a t i o n   and  h o u s e s   a  d r i v e   p i n i o n   60,  w h i c h  

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

i n p u t   s h a f t   56,  a  c rown  g e a r   62  w h i c h   m e s h i n g l y  

e n g a g e s   w i t h   p i n i o n   60  and  a  t u b u l a r   d r i v e   s p i n d l e  

64  b o l t e d   to  crown  g e a r   62.   As  w i l l   be  d e s c r i b e d  

more  f u l l y   l a t e r ,   t he   d r i v e   s p i n d l e   i s   a d a p t e d   t o  

r e m o v a b l y   r e c e i v e   and  d r i v e   a n y  o n e   of  t he   s e v e r a l  

p i p e   e n g a g i n g   or  c o u p l i n g   d e v i c e s   so  t h a t   t he   t o p  

d r i v e   can  be  q u i c k l y   and  r e a d i l y   m o d i f i e d   to  d r i v e  

p i p e   of   d i f f e r e n t   s i z e s   and  c a r r y   o u t   f u n c t i o n s  

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

t h r e a d e d l y   e n g a g i n g   and  d i s e n g a g i n g   a d j a c e n t   p i p e  

s e c t i o n s   and  h o i s t i n g   t h e   d r i l l   s t r i n g .  

D r i v e   s p i n d l e   64  i s   f o r m e d   w i t h   a  r a d i a l l y  

o u t w a r d l y   e x t e n d i n g   f l a n g e   66  a d j a c e n t   i t s  

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

w i t h   and  s e c u r e d   by  b o l t s   68  to  a  r a d i a l l y  

i n w a r d l y   e x t e n d i n g   f l a n g e   70  of  c r o w n   g e a r   62,   a s  

b e s t   shown  in  F i g u r e   5.  T h e  d r i v e   s p i n d l e   64  a n d  

c r o w n   g e a r   62  a r e   r o t a t a b l y   m o u n t e d   in   t h e   c a s i n g  

58  by  u p p e r   and  l o w e r   b a l l   b e a r i n g   a s s e m b l i e s   72  



and  74.  U p p e r   and  l o w e r   o i l   s e a l s   76  and  78  a r e  

d i s p o s e d   b e t w e e n   each   end  of  t h e   d r i v e   s p i n d l e   64  

and  b o r e   80  of  the   c a s i n g   58  as  shown   in  F i g u r e  

5.  The  o i l   s e a l s   a r e   p r o t e c t e d   and  r e t a i n e d  i n  

p o s i t i o n   by  u p p e r   and  l o w e r   o i l   s e a l   g u a r d   r i n g s  

82  and  84  b o l t e d   to  c a s i n g   5 8 .  

D r i v e   s p i n d l e   64  is  a l s o   f o r m e d   w i t h   a  b o r e   86 

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

p i p e   c o u p l i n g   d e v i c e s .   Bore   86  is   f o r m e d   w i t h   a t  

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

l o n g i t u d i n a l l y   e x t e n d i n g   k e y w a y s   88.  As  w i l l   b e  

e x p l a i n e d   l a t e r ,   u p p e r   a n n u l a r   e d g e   90  of  s p i n d l e  

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

t o o l s .  

I t   w i l l   be  s e e n   t h a t   a c t u a t i o n   of  mo to r   54 

e f f e c t s   r o t a t i o n   of  s h a f t   56  and  p i n i o n   60  in  o n e  

d i r e c t i o n   and  r o t a t i o n   of  c rown  g e a r   62  a n d  

s p i n d l e   64  in  t h e   o p p o s i t e   d i r e c t i o n .   R e v e r s e  

r o t a t i o n   o f  t h e   mo to r   r e s u l t s   in  r e v e r s e   of  t h e  

m o t o r   r e s u l t s   in  r e v e r s e   r o t a t i o n   of   t he   s p i n d l e  

a n d ,   i n a s m u c h   as  the   m o t o r   is  of  t h e   v a r i a b l e  

d i s p l a c e m e n t   t y p e ,   the   s p i n d l e   can  be  d r i v e n   a t  

v a r i o u s   s p e e d s   and  used   f o r   v a r i o u s   p u r p o s e s   s u c h  

as  r o t a t a b l y   d r i v i n g   a  d r i l l   s t r i n g   and  making   a n d  

b r e a k i n g   t o o l   j o i n t s   b e t w e e n   a d j a c e n t   p i p e  

s e c t i o n s .  

PIPE  COUPLING  TOOLS 

F i g u r e s   5  and  7-11  i l l u s t r a t e   p i p e  c o u p l i n g  

d e v i c e s   or  t o o l s   w h i c h   form  an  i m p o r t a n t   p a r t   o f  

t h e   p r e s e n t   i n v e n t i o n .   T h e  t o o l   g e n e r a l l y  

d e s i g n a t e d   by  r e f e r e n c e   n u m e r a l   100  in   F i g u r e s   5 

and  11  is  u s e d   p r i m a r i l y   f o r   r o t a t a b l y   d r i v i n g   a  

d r i l l   s t r i n g   and  t h r e a d e d l y   e n g a g i n g   a d j a c e n t ,  

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

d e s i g n a t e d   by  r e f e r e n c e   n u m e r a l   170  in   F i g u r e s  



7 - 1 0   i s   i n t e n d e d   f o r   u se   p r i m a r i l y   as  a  b r e a k - o u t  

t o o l ,   i . e . ,   f o r   t h r e a d e d l y   d i s e n g a g i n g   a d j a c e n t  

p i p e   s e c t i o n s .   H o w e v e r ,   b o t h   t o o l s   can   a l s o   b e  

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

D r i v e   t o o l   100  is   g e n e r a l l y   c o m p r i s e d   of  a  

c y l i n d r i c a l   body   p o r t i o n   102  h a v i n g   an  i n t e r n a l  

t h r e a d   104  a t   i t s   l o w e r   end  106,   a t   l e a s t   one ,   b u t  

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

s p a c e d   k e y s   108 ,   and  a  r a d i a l l y   o u t w a r d l y  

e x t e n d i n g   f l a n g e   110  a t   i t s   u p p e r   end   112 .   An 

e x t e r n a l l y   t h r e a d e d   n e c k   p o r t i o n   114  e x t e n d s  

a x i a l l y   f r o m   t h e   u p p e r   end  of  t o o l   100 .   An 

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

s l o t   116  i s   f o r m e d   a d j a c e n t   t h e   l o w e r   end  106  o f  

t h e   t o o l .  

T h r e a d   104  i s   f o r m e d   to  t h r e a d e d l y   r e c e i v e   o n e  

end   o f  a   c y l i n d r i c a l   t o o l   known  as  a  " s a v e r   s u b " .  

A  s a v e r   sub  is  g e n e r a l l y   a  s h o r t   l e n g t h   of  p i p e  

e x t e r n a l l y   t h r e a d e d   a t   b o t h   ends   and  i s   n o r m a l l y  

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

u n t h r e a d i n g   o c c u r s .   T h u s ,   the   r e l a t i v e l y  

i n e x p e n s i v e   s a v e   sub  t a k e s   most   of  t h e   w e a r .   T h e  

o t h e r   end  of  t he   s a v e   sub  i s   t h r e a d e d l y   r e c e i v e d  

in  t h e   box  end  of   a  l e n g t h   of  d r i l l   p i p e .   I t   w i l l  

be  u n d e r s t o o d   t h a t   t h e   l o w e r   end  of   t h e   t o o l   1 0 0  

c o u l d   be  f o r m e d   w i t h   an  e x t e r n a l   t h r e a d   a d a p t e d   t o  

be  c o n n e c t e d   d i r e c t l y   to  t he   box  end  of  a  d r i l l  

p i p e   t h e r e b y   o b v i a t i n g   t h e   need   of  a  s a v e r   sub  i f  

so  d e s i r e d .  

In  t h e   e m b o d i m e n t   s h o w n ,   t he   k e y s   108  a r e  

f o r m e d   by  w e l d i n g   e l o n g a t e d   s t e e l   b a r s   118  in  f o u r  

e l o n g a t e d ,   l o n g i t u d i n a l   s l o t s   120  f o r m e d   on  t h e  

o u t e r   c y l i n d r i c a l   p e r i p h e r y   of  t h e   t o o l   100.   T h e  

k e y s   a r e   r e c e i v e d   in  k e y w a y s   88  of  d r i v e   s p i n d l e  

64  and   s e r v e   to  t r a n s m i t   t o r q u e   f r o m   t h e   d r i v e  



s p i n d l e   64  to  t he   body  p o r t i o n   of  the   t o o l .   T h e  

te rm  a x i a l   s p l i n e s   used   h e r e i n a f t e r   is  i n t e n d e d   t o  

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

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

a x i a l   movemen t   t h e r e b e t w e e n .  

F l a n g e  1 1 0   d e f i n e s  a   r a d i a l   a n n u l a r   s h o u l d e r  

122  wh ich   a b u t t i n g l y   e n g a g e s   u p p e r   a n n u l a r   edge  90 

of  s p i n d l e   64.  T h u s ,   t he   t o o l   i s  t h e r e b y  

v e r t i c a l l y   s u p p o r t e d   in  t he   top   d r i v e   by  t h e  

s p i n d l e   64.  In  a d d i t i o n   to  s e r v i n g   as  t h e   m e a n s  

of  s u p p o r t i n g   the   t o o l   in  t h e   t o p   d r i v e ,   t h e  

f l a n g e   s e r v e s   as  a  " f l i n g e r "  -   a  means  w h e r e b y  

c o n t a m i n a n t s ,   such   as  d i r t ,   a r e   c e n t r i f u g a l l y  

p r o p e l l e d   away  f rom  the   u p p e r   o i l   s e a l s   7 6 .  

T h r e a d e d   neck   p o r t i o n   114  is  a d a p t e d   to  b e  

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

41,  as  i l l u s t r a t e d   in  p h a n t o m   in   F i g u r e   Sa.  T h e  

neck   114  d e f i n e s   an  o p e n i n g   124  to  r e c e i v e   a n  

i n n e r   p i p e  s e c t i o n ,   as  a l s o   shown  in  F i g u r e   5 a ,  
wh ich   is  s e a l i n g l y   c o n n e c t e d   to  t h e   a i r   d i s c h a r g e  

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

the   i n n e r   p i p e   and  o p e n i n g   124  f o r   c o m m u n i c a t i n g  

a i r   to  p a s s a g e w a y   22.  As  e x p l a i n e d   e a r l i e r ,   a n  

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

s u p p l y   of  a i r   to  a n n u l a r   p a s s a g e w a y   22  and  b o r e   24 

of  the   i n n e r   p i p e   to  an  e x h a u s t   c o n d u i t   w h i c h ,   i n  

t u r n ,   is  c o n n e c t e d   to  a  c y c l o n e   43  fo r   s e p a r a t i n g  

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

Ai r   s w i v e l   d i s c h a r g e   d e v i c e s   a r e   w e l l   known  a n d  

t h e r e f o r e   a r e   no t   d e s c r i b e d   in  d e t a i l   h e r e i n .   I n  

p r a c t i c e ,   a  p i p e   c o u p l i n g   t o o l   100  r e m a i n s  

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

t o o l   fo r   use   w i t h   a  d i f f e r e n t   s i z e d   p i p e   i s  

r e q u i r e d .   I n  s u c h   c a s e ,   t he   t o o l   is  s i m p l y  



t h r e a d e d l y   r e m o v e d   and  t h e   d e s i r e d   t o o l   i s  

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

A  s p l i t   t h r u s t   r i n g   130  and  a  r e t a i n i n g   r i n g  

132  a r e   p r o v i d e d   f o r   p r e v e n t i n g   i n a d v e r t e n t  

r e m o v a l   of  t h e   d r i v e   t o o l   100  and  f o r   l i m i t i n g  

l o n g i t u d i n a l   or  a x i a l   t r a v e l   of  t h e   t o o l   1 0 0  

r e l a t i v e   to  t h e   t o p   d r i v e .   As  w i l l   be  d e s c r i b e d  

in   g r e a t e r   d e t a i l   l a t e r ,   s u c h   movemen t   i s  

d e s i r a b l e   when  t h r e a d e d l y   e n g a g i n g   a d j a c e n t  

l e n g t h s   of  p i p e .  

As  shown  in  F i g u r e s   12  and  13,  s p l i t   r i n g   1 3 0  

is   c o m p r i s e d   o f  a   p a i r   of  a r c u a t e   arms  1 3 4 , 1 3 4  

c o n n e c t e d   a t   one  end   f o r   p i v o t a l   m o v e m e n t   a b o u t   a  

p i n   136 .   In  t h e   p o s i t i o n   shown  in  F i g u r e   13,  a r m s  

1 3 4 , 1 3 4   d e f i n e   a  c y l i n d r i c a l   s u r f a c e   138  w h o s e  

d i a m e t e r   is   s l i g h t l y   l a r g e r   t h a n   t h e   i n n e r  

d i a m e t e r   of  p e r i p h e r a l   s l o t   or  g r o o v e   116  of  t o o l  

1 0 0 .   T h u s ,   r i n g   130  is  a d a p t e d   to  be  f i t t e d   i n t o  

t h e   s l o t   116  and  i s   r e a d i l y   r e m o v a b l e   t h e r e f r o m   b y  

p i v o t a l l y   m a n i p u l a t i n g   arms  1 3 4 , 1 3 4 .  

R e t a i n i n g   r i n g   1 3 2 ,   shown  in  F i g u r e s   14  a n d  

1 5 ,   is   p r o v i d e d   to  p r e v e n t   s e p a r a t i o n   of  a r m s  

1 3 4 , 1 3 4   of  t h e   s p l i t   r i n g   y e t   p e r m i t   q u i c k   r e m o v a l  

of   t h e   s p l i t   r i n g   f r o m   t h e   t o o l   and  t h e   t o o l   f r o m  

t h e   t op   d r i v e .   R ing   132  is   f o r m e d   w i t h   a  s k i r t  

p o r t i o n   140  and  an  a n n u l a r   s h o u l d e r   p o r t i o n   1 4 2 .  

S h o u l d e r   p o r t i o n   142  d e f i n e s   a x i a l   o p e n i n g   1 4 4  

w h i c h   t e l e s c o p i n g l y   r e c e i v e s   body  p o r t i o n   102  o f  

t o o l   100.   O p e n i n g   144  is   f o r m e d   w i t h   f o u r   k e y w a y s  

146  f o r   s l i d i n g l y   r e c e i v i n g   k e y s   108  of  t he   t o o l .  

The  s k i r t   p o r t i o n   140  i s   f o r m e d   w i t h   an  o p e n i n g  

147  s i z e d   to  l o o s e l y   r e c e i v e   t he   o u t e r   p e r i p h e r y  

of  s p l i t   r i n g   130  as  s h o w n   in  F i g u r e   5.  T h e  

r e t a i n e r   r i n g   132  is   m a i n t a i n e d   in  t h e   p o s i t i o n  

s h o w n   in  F i g u r e   5  by  g r a v i t y .  



T h u s ,   in  o r d e r   to  r e m o v e   t he   d r i v e   t o o l   f r o m  

the  top  d r i v e ,   r e t a i n i n g   r i n g   132  is  t e l e s c o p i n g l y  

moved  u p w a r d l y ,   as  v i e w e d   in  F i g u r e   5,  the   s p l i t  

r i n g   130  is  r e m o v e d   f rom  s l o t   1 1 6  b y   o p e n i n g   o r  

s e p a r a t i n g   arms  1 3 4 , 1 3 4   and  r i n g   132  is  s l i d  

d o w n w a r d l y   and  away  f rom  t h e   t o o l .   The  t o o l   ( a n d  

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

to  be  r e m o v e d   f r o m   the   top   d r i v e   by  moving   i t  

a x i a l l y   u p w a r d l y  a n d   o u t w a r d l y   of  the   d r i v e  

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

o p e r a t i v e l y   l o c a t e  a   t o o l   in  t he   t op   d r i v e .  

The  d i s t a n c e   b e t w e e n   the   s h o u l d e r   122  of  t h e  

d r i v e   t o o l   100  and  t h e   u p p e r   s u r f a c e   148  of  r i n g  

132  is  a r r a n g e d  t o   be  l o n g e r   t h a n   the   a x i a l   l e n g t h  

of  the   d r i v e   s p i n d l e   64  by  an  a m o u n t   at  l e a s t  

e q u a l   to  the   l e n g t h   of  the   t h r e a d   of  the   box  ( o r  

p i n )   of  a  d r i l l   p i p e .   T h i s   a v o i d s   the   need  o f  

i n c r e m e n t a l l y   l o w e r i n g   t h e   t op   d r i v e   when  the   t o p  

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

to  the  d r i l l   s t r i n g   in   a  m a n n e r   to   be  d e s c r i b e d  

l a t e r .   H o w e v e r ,   i t   is  p o i n t e d   ou t   t h a t   d u r i n g  

such  p r o c e d u r e ,   a s s u m i n g   a  l e n g t h   of  p i p e   has  b e e n  

m o u n t e d   on  the   s a v e r   sub  a t t a c h e d   to  t he   d r i v e  

t o o l   and  t he   p i n   end  of  t he   d r i l l   p i p e   has  b e e n  

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

w i t h   the   box  end  of  t h e  u p p e r   p i p e   of  the   d r i l l  

s t r i n g ,   t he   top   d r i v e   is  l o w e r e d   u n t i l   the   l o w e r  

e n d  o f   t he   d r i v e   s p i n d l e   64  a b u t s   s u r f a c e   148  o f  

r i n g   132.   T h e n ,   t h e   d r i v e   s p i n d l e   64  is  r o t a t e d  

in  a  c l o c k w i s e   d i r e c t i o n   ( v i e w e d   d o w n w a r d l y   i n  

F i g u r e   5) .   Such   r o t a t i o n   t h r e a d e d l y   e n g a g e s   t h e  

p in   of  t h e   p i p e   b e i n g   a d d e d   'to  t h e   u p p e r   box  o f  

the   d r i l l   s t r i n g .   As  t h i s   o c c u r s ,   the   p i p e   b e i n g  

added   and  the   d r i v e   t o o l   move  d o w n w a r d l y   r e l a t i v e  



to  t h e   top  d r i v e   so  t h a t   no  v e r t i c a l   a d j u s t m e n t   o f  

the   p o s i t i o n   of  t h e   top  d r i v e   i s   r e q u i r e d   d u r i n g  

t h i s   o p e r a t i o n .  

C o u p l i n g   t o o l   150  i l l u s t r a t e d   in   F i g u r e   I I   i s  

in  a l l   m a t e r i a l   r e s p e c t s   t h e   same  as  t h a t  

i l l u s t r a t e d   in  F i g u r e   .5  e x c e p t   t h a t   i t   i s  

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

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

1 5 2 ,   k e y s   1 5 4 ,   a n n u l a r   f l a n g e   1 5 6 ,   n e c k   p o r t i o n  

158  and  p e r i p h e r a l   s l o t   160  a r e   i d e n t i c a l   to  t h o s e  

of  t o o l   100  so  t h a t   t o o l   150  c o o p e r a t e s   w i t h   d r i v e  

s p i n d l e   64  and  s p l i t   and  r e t a i n i n g   r i n g s   130  a n d  

132  in  p r e c i s e l y   the   same  m a n n e r   as  t o o l   1 0 0 .  

H o w e v e r ,   an  i n s e r t   162  r e p l a c e s   i n t e r n a l   t h r e a d  

104  of  t o o l   100  and  p r o v i d e s   an  i n t e r n a l   t h r e a d  

164  of  s m a l l e r   d i a m e t e r   t h a n   t h r e a d   104  f o r   u s e  

w i t h   s m a l l e r   d r i l l   p i p e .   As  s h o w n ,   i n s e r t   162  i s  

w e l d e d   to  t h e   body   p o r t i o n .  

I t   w i l l   be  u n d e r s t o o d   t h a t   in  a d d i t i o n   t o  

t r a n s f e r r i n g   t o r q u e   to  t he   d r i l l   s t r i n g ,   t h e   a b o v e  

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

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

w h e r e   h o i s t i n g   e f f o r t   is  r e q u i r e d .   T h u s ,   s h o u l d  

t h e   d r i l l   s t r i n g   become  j a m m e d ,   as  s o m e t i m e s  

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

a c t u a t e d   so  as  to  a p p l y   a  v e r t i c a l   f o r c e   to  t h e  

c a r r i a g e   w h i c h   f o r c e   is  t r a n s m i t t e d   to  t h e   t o p  
d r i v e   c a s i n g .   The  f o r c e   i s   in   t u r n   t r a n s m i t t e d   t o  

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

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

and  d r i l l   p i p e .  

F i g u r e s   7  and  8  i l l u s t r a t e   a  . " b r e a k - o u t "   t o o l  

170  i n t e n d e d   f o r   use  in  t h r e a d e d l y   d i s e n g a g i n g   t w o  

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



t he   e v e n t   t h a t   a d d i t i o n a l   h o i s t i n g   e f f o r t   i s  

r e q u i r e d   to  r e l e a s e   a  jammed  d r i l l   s t r i n g .  

B r e a k - o u t   t o o l   170  is  c o n s t r u c t e d   so  as  to  b e  

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

64  in  t h e   same  m a n n e r   as  d r i v e   t o o l   100 .   T h u s ,  

t o o l   170  is   f o r m e d   w i t h   a  t u b u l a r   body   p o r t i o n   172  

h a v i n g   f o u r   e q u a l l y   s p a c e d   k e y s   174  and  a  

p e r i p h e r a l   s l o t   176  a d j a c e n t   l o w e r   end  178  t h e r e o f  

f o r   r e c e p t i o n   of  s p l i t   r i n g   130  and  r e t a i n i n g   r i n g  

132.   The  u p p e r   end  180  is  f o r m e d   w i t h   a  f l a n g e  

182  h a v i n g   an  a n n u l a r   s h o u l d e r   184  fo r   a b u t t i n g  

e n g a g e m e n t   w i t h   u p p e r   edge  90  of  d r i v e   s p i n d l e   64 

and  a p p l i c a t i o n   of  an  upward   t h r u s t   to  t he   t o o l  

when  r e q u i r e d .   As  w i t h   t o o l s   100  and  150 ,   t h e  

l e n g t h   of  t o o l   170  is  s u c h  s o   as  to  p e r m i t   a x i a l  

t r a v e l   of  t h e   t o o l   r e l a t i v e   to  d r i v e   s p i n d l e   64 

and  t h e r e b y   a v o i d   the   need   of  i n c r e m e n t a l l y  

r a i s i n g   t h e   top  d r i v e   as  a  p i p e   s e c t i o n   i s  

u n t h r e a d e d .   F u r t h e r ,   t o o l   170  is  m o u n t e d   on  a n d  

r e m o v e d   f rom  t h e   d r i v e   s p i n d l e   64  in  p r e c i s e l y   t h e  

same  m a n n e r   as  t o o l s   100  a n d  1 5 0 .  

The  b o d y   p o r t i o n   is  f o r m e d   w i t h   an  a x i a l   b o r e  

or  o p e n i n g   1 8 6  a d a p t e d   to  t e l e s c o p i n g l y   r e c e i v e   a 

l e n g t h   of  p i p e   s e c t i o n   as  shown  in  d o t t e d   l i n e s   i n  

F i g u r e   8 .  

S e c u r e d   to  f l a n g e   182  by  b o l t s   185  a r e   a  p a i r  

of  c o n c e n t r i c   a n n u l a r   d i s c s   187  and  188  b e t w e e n  

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

d o g s   1 9 0 .   Each  dog  190  is  f o rmed   w i t h   a  

c y l i n d r i c a l   p o r t i o n   192  f rom  the   o p p o s i t e   ends   o f  

w h i c h   e x t e n d   s t u b   s h a f t s   or  p i n s   1 9 4  r e c e i v e d   f o r  

p i v o t a l   m o v e m e n t   i n  b l i n d   b o r e s   196  f o r m e d   i n  

a b u t t i n g   s u r f a c e s   198  and  200  of  d i s c s   187  and  1 8 8  

r e s p e c t i v e l y .   A l so   f o r m e d   in  d i s c s   187  and  1 8 8  



a d j a c e n t   e a c h   b o r e   196  a r e   c h a m b e r s   202  w h i c h  

r e c e i v e   t o r s i o n   or  s p i r a l   s p r i n g s   204  w h i c h   s e r v e  

to   b i a s   dogs   190  t o w a r d   t h e   s o l i d   l i n e   p o s i t i o n  

shown   in   F i g u r e   8 .  

E x t e n d i n g   r a d i a l l y   o u t w a r d l y   a n d  

l o n g i t u d i n a l l y   o f  e a c h   dog  190  i s   a  jaw  p o r t i o n  

206  a d a p t e d   to  be  r e c e i v e d   in   p r e v i o u s l y   m e n t i o n e d  

p i n   end  b r e a k - o u t   s l o t s   18  of  a  p i p e   s e c t i o n   a s  

shown  in  F i g u r e   8 .  

The  b r e a k - o u t   t o o l   208  i l l u s t r a t e d   in  F i g u r e s  

9  and  10  is  in  a l l   m a t e r i a l   r e s p e c t s   t he   same  a s  

t h e   t o o l   i l l u s t r a t e d   in  F i g u r e s   7  and  8  e x c e p t  
t h a t   i t   is  u s e d   w i t h   a  p i p e   s e c t i o n   of  s m a l l e r  

o u t s i d e   d i a m e t e r .   T h i s   t o o l   u t i l i z e s   t he   s a m e  

t u b u l a r   body   p o r t i o n   172  b u t   d i s c s   210  and  2 1 2  

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

d o g s   214  c l o s e r   t o g e t h e r   a r e   u t i l i z e d .   I n  

a d d i t i o n   an  i n n e r   c y l i n d r i c a l   t u b e   216  i s  

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

p o s i t i o n .   As  s h o w n ,   t h e   u p p e r   end  of  t he   i n n e r  

t u b e   is   w e l d e d   to  t he   l o w e r   d i s c   212  w h i l e   a  

s p a c e r   b l o c k   213  i s   d i s p o s e d   b e t w e e n   the   l o w e r   e n d  

of   t h e   i n n e r   t u b e   216  and  t h e   b o d y   p o r t i o n   1 7 2 .  

When  i t   is  d e s i r e d   to  r e m o v e   t h e   d r i l l   s t r i n g  

f r o m   t h e   b o r e   h o l e ,   t h e   d r i v e   t o o l   100  and  a i r  

d i s c h a r g e   s w i v e l   43  a r e   r e m o v e d   f r o m   the   top   d r i v e  

in   t h e   m a n n e r   p r e v i o u s l y   e x p l a i n e d   and  t h e  

b r e a k - o u t   t o o l   170  is  o p e r a t i v e l y   p o s i t i o n e d   o n  

t h e   top   d r i v e   as  a l s o   p r e v i o u s l y   e x p l a i n e d   w i t h  

r e s p e c t   to  d r i v e   t o o l   100 .   The  c a r r i a g e   a c t u a t i n g  

m e c h a n i s m   is  t h e n   a c t u a t e d   to  l o w e r   t he   c a r r i a g e ,  

and  h e n c e   t h e   t o p   d r i v e ,   to  a  p o s i t i o n   a d j a c e n t  

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

t h a t   t h e   top   d r i v e   w i l l   r e m a i n   in   t h i s   p o s i t i o n  



d u r i n g   t he   b r e a k - o u t   o p e r a t i o n   u n l e s s   t h e   h o i s t  

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

in  w h i c h   c a s e   t h e   c a r r i a g e   a c t u a t i n g   m e c h a n i s m   i s  

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

I t   w i l l   a l s o   be  u n d e r s t o o d   t h a t   t h e   b r e a k - o u t  

w r e n c h   has   b e e n   e n g a g e d   w i t h   t he   box  end  b r e a k - o u t  

s l o t s   1 6  o f   t h e   u p p e r m o s t   p i p e   s e c t i o n   of  t h e  

d r i l l   s t r i n g  a n d   s u p p o r t s   the   d r i l l   s t r i n g ,   a t  

l e a s t   in  p a r t .   So  a r r a n g e d ,   t he   r i g   is  r e a d y   f o r  

the   b r e a k - o u t   o p e r a t i o n .  

A  h o i s t   p l u g ,  s e c u r e d   to  t he   f r e e   end  of  a 

c a b l e   c o n n e c t e d   to  t h e  h o i s t   m e c h a n i s m   to  b e  

d e s c r i b e d   in  g r e a t e r   d e t a i l   l a t e r ,   is  p a s s e d  

t h r o u g h   the   b r e a k - o u t   t o o l   b o r e   186  and  t h r e a d e d  

i n t o   t h e   box  end  of  t he   u p p e r m o s t   p i p e   s e c t i o n   o f  

the   d r i l l   s t r i n g .   The  h o i s t   m e c h a n i s m   is  t h e n  

a c t u a t e d   s l i g h t l y   so  as  to  r emove   the   w e i g h t   o f  

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

w r e n c h   is  r e t r a c t e d .   T h e  h o i s t   m e c h a n i s m   i s  

t h e r e a f t e r   a c t u a t e d   to  r a i s e  t h e   d r i l l   s t r i n g   t h e  

l e n g t h   of  a  p i p e   s e c t i o n .   As  the   d r i l l   s t r i n g   i s  

r a i s e d ,   t he   p e r i p h e r y   of  the   d r i l l   p i p e   s u r f a c e  

p i v o t s   t h e   d o g s   190  to  the   d o t t e d   l i n e   p o s i t i o n  

shown  in  F i g u r e   8  a g a i n s t   the   b i a s   of  t o r s i o n  

s p r i n g s   204.   Once  the   p in   end  b r e a k - o u t   s l o t s   18  

r e a c h   dogs   1 9 0 ,   t he   d o g s  s n a p   i n t o   t h e   s l o t s   t o  

the   s o l i d   l i n e   p o s i t i o n   shown  in  F i g u r e   8  a s s u m i n g  

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

d o g s .   If   n o t ,   t h e   b r e a k - o u t   t o o l   and  d r i l l   p i p e  

a re   r o t a t e d   s l i g h t l y   by  a c t u a t i n g   t h e   top   d r i v e .  

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

t he   u p p e r   f l a t t e n e d   s u r f a c e   206  of  t he   dogs   e n g a g e  
t he   u p p e r   t r a n s v e r s e   e d g e s   210  of  s l o t s   18.  T h i s  

v e r t i c a l l y   a l i g n s   t he   box  end  b r e a k - o u t  



s l o t s   of   t h e   n e x t   p i p e   s e c t i o n   w i t h   t he   b r e a k - o u t  

w r e n c h   w h i c h   is   t h e n   e x t e n d e d   to  e n g a g e   s u c h  

s l o t s .   I t   may  be  n e c e s s a r y   to  r o t a t e   t h e   d r i l l  

s t r i n g   by  a c t u a t i n g   t he   t o p   d r i v e   in   o r d e r   t o  

a n g u l a r l y   a l i g n   t h e   box  end  b r e a k - o u t   s l o t s   w i t h  

t h e   w r e n c h .   O n c e  s o   e n g a g e d ,   t h e   w r e n c h   p r e v e n t s  

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

The   t o p   d r i v e   is  t h e n   r e v e r s e l y   r o t a t e d  

t h e r e b y   r e v e r s i n g   r o t a t i n g   the   u p p e r m o s t   p i p e  

s e c t i o n ,   v i a   d r i v e   s p i n d l e   64  and  b r e a k - o u t   t o o l  

1 9 0 .   As  t h e   u p p e r   p i p e   s e c t i o n   is  r o t a t e d ,   i t s  

p i n   u n t h r e a d s   f rom  the   box  of  t he   n e x t   l o w e r   p i p e  

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

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

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

m e c h a n i s m .   F u r t h e r ,   dogs   190  move  r e l a t i v e l y  

d o w n w a r d l y   in   t h e   p i n   end  b r e a k - o u t   s l o t s   18  a n d  

t h u s   s l o t s   18  mus t   be  of  s u f f i c i e n t   l e n g t h   t o  

a c c o m m o d a t e   s u c h   m o v e m e n t .  

Once   t h e   u p p e r   p i p e   s e c t i o n   h a s   b e e n   s e p a r a t e d  

f r o m   t h e   n e x t   p i p e   s e c t i o n ,   the   h o i s t   m e c h a n i s m   i s  

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

of  t h e   t op   d r i v e .   The  h o i s t   is   t h e n   a c t u a t e d   t o  

l o w e r   t h e   p i p e   s e c t i o n   w h i c h   is  p l a c e d   in   a  p i p e  
r a c k   47  ( F i g u r e   2)  d i s p o s e d   a d j a c e n t   t h e   d r i l l  

r i g .   The  h o i s t   p l u g   is   r e m o v e d   f rom  t h e   p i p e  

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

d r i l l   s t r i n g   is   c o m p l e t e l y   d i s m a n t l e d .  

THE  MAST 

As  shown  in  F i g u r e   2,  t h e   m a s t   32  is  a n  

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

r e a r   t u b u l a r   s t e e l   c o r n e r   p o s t s   230 ,   two  f r o n t  

p o s t s   232  c o n s t r u c t e d   of  c h a n n e l   m e m b e r s ,   w h o s e  

o p e n   s i d e s   f a c e   one  a n o t h e r   and  d e f i n e   t r a c k   3 4 ,  



and  i n t e r m e d i a t e   t u b u l a r   s t e e l   b r a c e s   234.  T h e  

mast   is  a l s o   f o r m e d   w i t h   a  b a s e   236  and  a  c r o w n  

2 3 8 .  

As  a l s o   shown  in  F i g u r e  2 ,   the   mas t   i s  

d i s p o s e d   in  an  u p r i g h t   p o s i t i o n   d u r i n g   u s e .  

H o w e v e r ,   t he   mas t   is  a d a p t e d   to  b e  p i v o t e d   to  a  

h o r i z o n t a l   p o s i t i o n   d u r i n g  t r a n s p o r t   on  s l e d   o r  

s k i d   27.  Th i s   is  a c h i e v e d   by  a  p a i r   of  o u t w a r d l y  

p r o j e c t i n g   p i n s   242  w e l d e d   or  o t h e r w i s e   s e c u r e d   t o  

a  b r a c e   member  234,   as  s h o w n .   The  p i n s   242  a r e  

r e c e i v e d   in  c r a d l e s   244  of  s u p p o r t   p o s t s   2 4 6  

a s s o c i a t e d   w i t h   s l e d   27.  A  s u p p o r t   b r a c k e t   248  

s u p p o r t s   the   u p p e r   end  of  t h e   mast   d u r i n g  

t r a n s p o r t   and  a  wedge  l o c k   a t   the   b a s e   of  the  m a s t  

w i l l   m a i n t a i n   the   mas t   in  i t s   u p r i g h t   p o s i t i o n  

d u r i n g   u s e .  

THE  CARRIAGE 

The  c a r r i a g e   36  i s   c o m p r i s e d  o f   two  s e c t i o n s  

250  and  252  w h i c h   a re   m i r r o r   i m a g e s   of  o n e  

a n o t h e r .   S e c t i o n   250  is  a s s o c i a t e d   w i t h   a n d  

s u p p o r t s   t he   l e f t   s i d e   of  t h e   top   d r i v e   and  w h i l e  

s e c t i o n   252  is  a s s o c i a t e d   w i t h   and  s u p p o r t s   t h e  

r i g h t   s i d e   of  the   t o p  d r i v e .   Whi l e   t he   f o l l o w i n g  

d e s c r i p t i o n   is  r e f e r r a b l e   to  s e c t i o n   250,   i t   is  t o  

be  u n d e r s t o o d   t h a t   the   d e s c r i p t i o n   is  e q u a l l y  

a p p l i c a b l e   to  s e c t i o n   2 5 2 .  

With  r e f e r e n c e   to  F i g u r e s   3,  4,  16  and  1 7 ,  

c a r r i a g e   s e c t i o n   250  i n c l u d e s   an  e l o n g a t e d   o u t e r  

p l a t e   254  h a v i n g   r o l l e r s   256  and  258  r o t a t a b l y  

m o u n t e d   a t   i t s   o p p o s i t e   e n d s .   R o l l e r s   256  and  2 5 8  

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

s h a p e d   members   d e f i n i n g   t r a c k   34..  S p a c e d  

l a t e r a l l y   i n w a r d l y   of  p l a t e   254  is  an  i n n e r   p l a t e  

260  c o n n e c t e d   to  p l a t e   254  by  l a t e r a l l y   e x t e n d i n g ,  



s p a c e d   c o n n e c t o r   p l a t e s   2 6 2 , 2 6 2 .   I n n e r   p l a t e   2 6 0  

is   f o r m e d   w i t h   an  a r c u a t e ,   r e a r w a r d l y   e x t e n d i n g  

d e t e n t   p l a t e   264  h a v i n g   an  a r c u a t e   g u i d e   s u r f a c e  

266  and   r e c e s s e s   268  and  270  s p a c e d   a p p r o x i m a t e l y  

90°  a p a r t .  

E x t e n d i n g   b e t w e e n   p l a t e s   254  and  260  i s   a  

p i v o t   p i n   272  h a v i n g   an  i n w a r d l y   d i s p o s e d   h e a d  

2 7 4 .   The  o p p o s i t e   end  of  p i n   272  is   w e l d e d   o r  

o t h e r w i s e   s e c u r e d   to  p l a t e s   254  and  260 .   P i n   2 7 2  

e x t e n d s   i n w a r d l y   b e y o n d   i n n e r   p l a t e   260  a n d  

d e f i n e s   b e t w e e n   p l a t e   260  and  head  274  a  j o u r n a l  

p o r t i o n   r e c e i v e d   in  a  two  p a r t   s u p p o r t   and  p i v o t  

b l o c k   276  b o l t e d   to  t he   c a s i n g   of  t h e   t o p   d r i v e .  

T h u s ,   t h e   top   d r i v e   is  s u p p o r t e d   f o r   p i v o t a l  

m o v e m e n t   a b o u t   t h e   a x i s   of  p i n s   272  b e t w e e n   a  

f i r s t   and   a  s e c o n d   p o s i t i o n .   In  t he   f i r s t  

p o s i t i o n ,   i l l u s t r a t e d   in  F i g u r e s   3  and  4,  t h e  

r o t a r y   a x i s   of  d r i v e   s p i n d l e   is   v e r t i c a l l y  

d i s p o s e d   and  t he   top   d r i v e   may  be  u s e d   f o r   t h e  

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

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

of  l e n g t h s   of  p i p e   to  t he   t o p   d r i v e .   In  t h i s  

p o s i t i o n ,   t he   top  d r i v e   is  d i s p o s e d   a b o u t   9 0 °  

a b o u t   t h e   a x i s   of  p i n s   272  f rom  the   f i r s t   p o s i t i o n  

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

t h e   m a s t .   When  so  d i s p o s e d   a  l e n g t h   of   p i p e  

s e c t i o n   may  be  t h r e a d e d   o n t o   the   s a v e r   s u b  

a t t a c h e d   to  t he   d r i v e   t o o l   by  e i t h e r   m a n u a l l y  

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

S e c u r e d   to  t he   u n d e r s i d e   of  the   t o p   d r i v e  

c a s i n g   is  a  d e t e n t   r o l l e r   a s s e m b l y   280  w h i c h  

h o u s e s   a  s p r i n g   b i a s e d   r o l l e r   282  ( F i g u r e   1 6 ) .  

R o l l e r   282  e n g a g e s   g u i d e   s u r f a c e   266  of  d e t e n t  

p o r t i o n   264  of  p l a t e   260.   R e c e s s e s   268  and   2 7 0  



d e f i n e   t he   f i r s t   and  s e c o n d   p o s i t i o n s   r e s p e c t i v e l y  

of  t h e   t op   d r i v e .   T h e  l o a d   of  the  s p r i n g   w i t h i n  

d e t e n t   r o l l e r   a s s e m b l y   280  may  be  a d j u s t e d   by  n u t  

2 8 4 .  

A  t o r q u e   and  g u i d e   member  286  e n g a g e a b l e   w i t h  

d e t e n t   r o l l e r   a s s e m b l y .  2 8 0   p o s i t i v e l y   l o c a t e s   t h e  

t o p   d r i v e   i n  t h e   f i r s t   p o s i t i o n .  

S e c u r e d   to  one  of  the   p i v o t   b l o c k s   276  is  a n  

a i r   s w i v e l   t o r q u e   s l i d e   288  f o r   p r e v e n t i n g  

r o t a t i o n   of  t he   o u t e r   h o u s i n g   of  the  a i r   d i s c h a r g e  

s w i v e l .  

CARRIAGE  ACTUATING  MECHANISM 

The  c a r r i a g e   a c t u a t i n g   m e c h a n i s m   40  i s  

c o m p r i s e d   of  a  " p u l l - u p "   a s s e m b l y   300  ( F i g u r e s   18 

and  19)  and  a  " p u l l - d o w n "   a s s e m b l y   302  ( F i g u r e s   20 

and  2 1 ) .   Both   a s s e m b l i e s   a re   a c t u a t e d   by  the   s a m e  

two  h y d r a u l i c   c y l i n d e r s   3 0 4 , 3 0 4   v e r t i c a l l y  

d i s p o s e d   on  l a t e r a l l y   o p p o s e d   s i d e s   of  t h e   m a s t  

32.  The  two  c y l i n d e r s   a re   s e c u r e d   to  t h e   b a s e   o f  

t h e   m a s t   by  a  s u p p o r t   b r a c k e t   306  ( s e e   F i g u r e s   18  

and  2 0 ) .   A t t a c h e d   t o  t h e   f r e e   end  of  t h e   p i s t o n  

r o d   of  e a c h   c y l i n d e r   is  a  p u l l e y   a s s e m b l y   3 0 7  

h a v i n g   p u l l e y s   308  and  3 1 0 .  

W i t h   r e f e r e n c e   to  F i g u r e s   18  and  19,   t h e  

p u l l - u p   a s s e m b l y   i n c l u d e s   a  c a b l e   312  h a v i n g   o n e  

end  314  s e c u r e d   to  one  s e c t i o n   of  the   c a r r i a g e   i n  

t h e   m a n n e r   shown  in  F i g u r e s   16  and  17.  C a b l e   312  

is   t r a i n e d   a b o u t   p u l l e y   308  of  one  p u l l e y   a s s e m b l y  

3 0 7 ,   p u l l e y s   316  and  318  ( F i g u r e   19)  r o t a t a b l y  

m o u n t e d   in  t he   mas t   b a s e ,   and  p u l l e y   308  of  t h e  

o t h e r   p u l l e y   a s s e m b l y   307.   The  o t h e r   end  319  o f  

c a b l e   312  is  t h e n   r e l e a s a b l y   c o n n e c t e d   to   t h e  

o t h e r   s e c t i o n   of  t he   c a r r i a g e   as  a l s o   shown   i n  

F i g u r e s   16  and  17.  A  t u r n b u c k l e   322  i s   p r o v i d e d  

f o r   a d j u s t a b l y   t e n s i o n i n g   the   c a b l e .  



T h u s ,   i t   w i l l   be  s e e n   t h a t   when  c y l i n d e r s   3 0 4  

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

t h e   ends   314  and  319  of  c a b l e   312  w i l l   m o v e  

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

t h e   top   d r i v e .   I t   w i l l   be  n o t e d   t h a t   t h e   t o p  

d r i v e   w i l l   move  u p w a r d l y   a t   t w i c e   t he   r a t e   of   t h e  

p i s t o n   r o d s .  

Wi th   r e f e r e n c e   to  F i g u r e s   20  and  21,   t h e  

p u l l - d o w n   a s s e m b l y   302  is  c o m p r i s e d   of  two  c a b l e s  

330  and  332  e a c h   a s s o c i a t e d   in  an  i d e n t i c a l   m a n n e r  

w i t h   one  of  t h e   h y d r a u l i c   c y l i n d e r s   304 .   One  e n d  

334  of  e a c h   c a b l e   is  a d j u s t a b l y   and  r e m o v a b l y  

c o n n e c t e d   to  t h e   crown  of  t h e   m a s t ,   as  b e s t   s h o w n  

in  F i g u r e   20,   w h i l e  t h e   o t h e r   end  336  of   e a c h  

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

of  t h e   c a r r i a g e ,   as  shown  in  F i g u r e s   16  and  1 7 .  

From  end  3 3 4 ,   e a c h   c a b l e   e x t e n d s   d o w n w a r d l y  

and  t r a i n e d   a b o u t   u p p e r   p u l l e y   310  of  p u l l e y  

a s s e m b l y   3 0 7 ,   u p w a r d l y   and  t r a i n e d   a b o u t   p u l l e y  

338  r o t a t a b l y   m o u n t e d   on  t h e   c r o w n ,   and  d o w n w a r d l y  

and  t r a i n e d   a b o u t   p u l l e y   340  r o t a t a b l y   m o u n t e d   i n  

t h e   m a s t   b a s e .  

T h u s ,   when  c y l i n d e r s   304  a r e   a c t u a t e d   i n  

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

e n d s   336  of   t h e   c a b l e s   330  and  332  move  d o w n w a r d l y  

and  a p p l y   a  d o w n w a r d   t h r u s t   or  f o r c e   to  t h e  

c a r r i a g e   a n d ,   h e n c e ,   the   t o p   d r i v e .  

Two  i m p o r t a n t   f e a t u r e s   a r e   to  be  n o t e d .  

F i r s t l y ,   i t   is   known  t h a t   t h e   c a p a c i t y   o f  

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

is  e x t e n d e d   t h a n   when  i t   i s   r e t r a c t e d .   In  t h e  

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

c y l i n d e r s   is   u t i l i z e d   f o r   p u l l i n g   up  w h e r e   h i g h e r  

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



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

the   c rown  as  is   k n o w n .   T h u s ,   t h e  m a s t   need   n o t  

a b s o r b   as  much  of  a  l o a d   a n d  m a y   t h e r e f o r e   be  m a d e  

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

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

t r a n s p o r t a b l e   d r i l l   r i g s .  

I t   w i l l   be  u n d e r s t o o d   t h a t   means  is   p r o v i d e d  

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

THE  HOIST  MECHANISM 

The  h o i s t   or  h a u l - o u t   m e c h a n i s m  4 2   i s  

i l l u s t r a t e d   in  F i g u r e s   22  and  23  and  is  c o m p r i s e d  
of  a  s i n g l e   i n v e r t e d ,   v e r t i c a l l y   e x t e n d i n g  

h y d r a u l i c   c y l i n d e r   350  m o u n t e d   on  the   mas t   c r o w n  

a d j a c e n t   t he   r e a r   s i d e   352  ( r e m o t e   f rom  the  t o p  

d r i v e )   of  t he   m a s t .   A  p u l l e y   354  is  s e c u r e d   t o  

the   end  of  t he   p i s t o n   rod   356  of  the   c y l i n d e r .   A 

p i v o t   head   a s s e m b l y   358  p i v o t a l l y   m o u n t e d   a t o p   t h e  

mas t   c r o w n ,   as  shown  in   F i g u r e   23,  is  c o m p r i s e d   o f  

a  p a i r   of  s p a c e d   arms  360  c o n n e c t e d   at  one  end  362  

to  t he   c rown  and  c e n t r a l l y   s u p p o r t e d   by  a 

c o m p r e s s i o n   s p r i n g   a s s e m b l y   364.   A  s t o p   363  i s  

p r o v i d e d   to  l i m i t   downward   t r a v e l   of  t h e  

a s s e m b l y .   A  p a i r   of  p u l l e y s   366  and  368  a r e  

r o t a t a b l y   m o u n t e d   on  arms  360  as  s h o w n .  

A  c a b l e   370  has   o n e  e n d   3 7 2  c o n n e c t e d   to  t h e  

c rown  and  i t s   i n t e r m e d i a t e   p o r t i o n   t r a i n e d   a b o u t  

p u l l e y s   354 ,   366  and  368.   The  o t h e r   end  374  o f  

the   c a b l e   370  is  f i t t e d   w i t h   a  hook  ( n o t   shown)   o r  

the   l i k e   f o r   c o n n e c t i o n   to  a  h o i s t  p l u g   376  or  a  

b a i l   ( n o t   shown)   s e c u r e d   to  t he   u p p e r   end  of  t h e  

a i r  d i s c h a r g e   s w i v e l .  

The  p i v o t   head   a s s e m b l y   358  is  p r o v i d e d   t o  

m a i n t a i n   c a b l e   370  in  t e n s i o n   d u r i n g   the   b r e a k - o u t  



o p e r a t i o n   as  w e l l   as  m a i n t a i n   an  upward   f o r c e   o n  

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

i n c r e m e n t a l l y   r a i s i n g   t h e   h o i s t   m e c h a n i s m .  

H o i s t   p l u g   376  is   i l l u s t r a t e d   in  F i g u r e s   2 4 a  

and   24b  and  i s   c o m p r i s e d   of  a  t u b u l a r   body  p o r t i o n  

377  h a v i n g   an  e x t e r n a l l y   t h r e a d e d   l o w e r   e n d  

p o r t i o n   378  w h i c h   is  t h r e a d e d l y   e n g a g e a b l e   w i t h  

t h e   box  end  of   a  d r i l l   p i p e   s e c t i o n .   A  s h a f t   3 7 9  

h a v i n g   a  h e a d   380  a t   i t s   l o w e r   end  and  a  t h r e a d  

381  a t   i t s   u p p e r   end  is  d i s p o s e d   in  body  p o r t i o n  

377.   Head  380  b e a r s   a g a i n s t   a  t h r u s t   b e a r i n g   3 8 2  

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

383  in   t h e   p l u g   b o d y .   An  o i l   s e a l   384  a n d  

r e t a i n i n g   r i n g   385  c l o s e   t h e   l o w e r   end  378  of  t h e  

p l u g .   A  c l e v i s   386  is  t h r e a d e d   o n t o   u p p e r   end  3 8 1  

of  s h a f t   379  a g a i n s t   a  b a l l   b e a r i n g   387.   A 

r e m o v a b l e   c l e v i s   p i n   388  is  m o u n t e d   in  the   c l e v i s  

as  shown  f o r   s e c u r i n g   t h e   end  374  of  c a b l e   370  t o  

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

s p o k e d ,   r i n g e d   h a n d l e   389  a t   i t s   u p p e r   end  f o r  

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

t h e   s h a f t .   As  b e s t   shown  in  F i g u r e   24b,   t h r e a d e d  

p o r t i o n   378  i s   f o r m e d   w i t h   a  p a i r   of  o p p o s e d  

f l a t t e n e d   s u r f a c e s   390  so  t h a t   the   l o w e r   end  o f  

t h e   p l u g   c an   be  p a s s e d   b e t w e e n  t h e   dogs  190  of  a  

b r e a k - o u t   t o o l   170  w i t h o u t   m o v i n g   the   d o g s .  

T h u s ,   when  i t   is  d e s i r e d   to  use   t h e   h o i s t  

m e c h a n i s m ,   end   374  of  c a b l e   370  is   s e c u r e d   t o  

c l e v i s   386  and  t h e   l o w e r   end  378  of  t he   p l u g   i s  

p a s s e d   t h r o u g h   b o r e   186  of  t o o l   170  and  t h r e a d e d l y  

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

s e c t i o n   of  t h e   d r i l l   s t r i n g   to   be  r a i s e d   b y  

r o t a t i n g   h a n d l e   389  and  h e n c e   p l u g   body   3 7 7 .  

C y l i n d e r   350  i s   t h e n   a c t u a t e d   to  e x t e n d   p i s t o n   r o d  

356 ,   and  r a i s e   end  374  of  c a b l e   370 ,   t h e   h o i s t  



p l u g   376  and  d r i l l   s t r i n g .   Once  t h e   u p p e r   d r i l l  

p i p e   s e c t i o n   of  the   d r i l l   s t r i n g   has   b e e n   r e m o v e d  

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

r o d   356  i s   r e t r a c t e d   to  l o w e r   the   d r i l l   p i p e  

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

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

THE  BREAK-OUT  WRENCH  ASSEMBLY 

The  b r e a k - o u t   w r e n c h   a s s e m b l y   is   i l l u s t r a t e d  

in  F i g u r e   25  w h i c h  i s   a  t o p   v iew  of  t h e   m a s t  

b a s e .   The  a s s e m b l y   i n c l u d e s   a  w r e n c h   member  4 0 0  

h a v i n g   a  w r e n c h   head   402  and  an  e l o n g a t e d   b o d y  

p o r t i o n   404 .   Wrench  member  is  s l i d a b l y   m o u n t e d   o n  

t h e   u p p e r   s u r f a c e   406  of  t he   mast   b a s e   f o r  

r e c i p r o c a t i o n   from  a  f i r s t   e x t e n d e d   p o s i t i o n  

i l l u s t r a t e d   in  F i g u r e   25  w h e r e a t   t he   w r e n c h   is  i n  

e n g a g e m e n t   w i t h   a  s e c t i o n   of  p i p e   and  a  s e c o n d ,  

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

t h e   d r i l l   s t r i n g   p e r m i t t i n g   r o t a t i o n   a n d / o r   a x i a l  

m o v e m e n t   of  t he   l a t t e r .  

W r e n c h   h e a d  4 0 2   is  f o r m e d   w i t h   a  p a i r   o f  

o p p o s e d   f l a t t e n e d   s u r f a c e s   408  s l i d i n g l y  

e n g a g e a b l e   w i t h   t he   box  end  b r e a k - o u t   s l o t s   16  o f  

a  p i p e   s e c t i o n .   The  w r e n c h   member  i s   g u i d e d   f o r  

r e c i p r o c a l   movement   by  a  b r a c k e t   410  b o l t e d   t o  

s u r f a c e   406  and  a s s o c i a t e d   w i t h   body  p o r t i o n   4 0 4  

and  a  p a i r   of  g u i d e s   412  s e c u r e d   to  s u r f a c e   4 0 6  

and   a s s o c i a t e d   wing  p r o j e c t i o n s   414  e x t e n d i n g   f r o m  

h e a d   402 .   As  shown  in  d o t t e d   l i n e s   in  F i g u r e  2 5 ,  

a  b a r  4 1 6   s e c u r e d   to  body  p o r t i o n   4 0 4 ,   e x t e n d s  

t h r o u g h   a  s l o t   418  in  s u r f a c e   406  i n t o   t he   m a s t  

b a s e   and  is  c o n n e c t e d   to  a  h y d r a u l i c  c y l i n d e r   4 2 0  

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

s u p p o r t e d   by  a  s u r f a c e   422  o f  a   p i p e   g u i d e   m e m b e r  

424  f o r m e d   in  t he   mas t   b a s e .  



OPERATION 

ASSEMBLING  DRILL  STRING  AND  DRILLING 

I n i t i a l l y ,   t h e   c a r r i a g e   a c t u a t i n g   m e c h a n i s m   40 

i s   a c t u a t e d   to  move  t h e   t o p   d r i v e   m e c h a n i s m   38  t o  

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

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

p i p e   c o u p l i n g   t o o l   100  or  150  a t t a c h e d   t h e r e t o   i s  

i n s e r t e d   i n t o   t h e   b o r e   86  in   s p i n d l e   64.   T h e  

s p l i t   t h r u s t   r i n g   130  and  r e t a i n i n g   r i n g   132  a r e  

t h e n   a s s e m b l e d   on  t he   p i p e   c o u p l i n g   t o o l .  

The  t o p   d r i v e   38  is   m a n u a l l y   p i v o t e d   a b o u t  

p i n s   272  f rom  i t s   f i r s t   p o s i t i o n   to  i t s   s e c o n d  

p o s i t i o n .   The  top   d r i v e   i s   m a i n t a i n e d   in  t h e  

s e c o n d   p o s i t i o n   by  t he   d e t e n t   a s s e m b l y .   I t   s h o u l d  

be  n o t e d   a t   t h i s   p o i n t   t h a t   t h e   p i n s   272  e x t e n d  

t h r o u g h   or  n e a r   t he   c e n t r o i d   of  t he   t o p   d r i v e ,  

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

t h a t   r e l a t i v e l y   l i t t l e   e f f o r t   i s   r e q u i r e d   to  move  
t h e   t o p   d r i v e   b e t w e e n   i t s   two  p o s i t i o n s .  

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

down  h o l e   end  of  t h e   f i r s t   d r i l l   p i p e   and  t h e   b o x  

end  of   s u c h   p i p e   is   t h r e a d e d   o n t o   t he   s a v e r   s u b  

e x t e n d i n g   f rom  t h e   d r i v e   t o o l   e i t h e r   by  m a n u a l l y  

r o t a t i n g   t h e   d r i l l   p i p e   or  r o t a t i n g   t h e   top   d r i v e  

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

The  c a r r i a g e   a c t u a t i n g   m e c h a n i s m   is  a c t u a t e d  

to  r a i s e   t he   top   d r i v e   to  t h e   u p p e r   end  of  t h e  

m a s t   32 .   As  the   top   d r i v e   r i s e s ,   t he   w e i g h t   o f  

t he   p i p e   o v e r c o m e s   the   e f f o r t   of  t h e   s p r i n g   d e t e n t  

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

p o s i t i o n .   The  s t o p   286  e n g a g e s   t he   d e t e n t   h o u s i n g  

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

i t s   f i r s t ,   d r i v i n g   p o s i t i o n .  



The  l o w e r   end  of  t h e   p i p e   is  p l a c e d   a b o v e   t h e  

p i p e   g u i d e   in  the   m a s t   b a s e   and  the   c a r r i a g e  

a c t u a t i n g   m e c h a n i s m   is   a c t u a t e d   to  l ower   t he   t o p  

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

The  c a r r i a g e   a c t u a t i n g   m e c h a n i s m   is  d e a c t i v a t e d  

and  the   r i g   is  r e a d y   f o r   d r i l l i n g .  

Moto r   54  is  a c t u a t e d   to  b e g i n   the   d r i l l i n g  

o p e r a t i o n .   The  d r i l l i n g   c o n t i n u e s   u n t i l   t he   b o x  

end  b r e a k - o u t   s l o t s   16  a r e   v e r t i c a l l y   a l i g n e d   w i t h  

t he   b r e a k - o u t   w r e n c h .   H y d r a u l i c   c y l i n d e r   406  i s  

a c t u a t e d   to  e x t e n d   b r e a k - o u t   w r e n c h   400.  The  t o p  
d r i v e   is  r o t a t e d   i f   n e c e s s a r y   in  o r d e r   t o  

a n g u l a r l y   a l i g n   the  box  and  b r e a k - o u t   s l o t s   w i t h  

the   f l a t t e n e d   s u r f a c e s   4 0 8  o f   w r e n c h   400.  T h u s ,  

t he   p o r t i o n   of  the   d r i l l   s t r i n g   in  the   bo re   h o l e  

is  h e l d   a g a i n s t   r o t a t i o n .   Motor   54  of  the   t o p  
d r i v e   is  r e v e r s e d   so  as  to  t h r e a d e d l y   d i s e n g a g e  

t he   s a v e r   sub  from  t h e   box   of  the   d r i l l   p i p e .  

T h e r e a f t e r ,   the   c a r r i a g e   a c t u a t i n g   m e c h a n i s m   i s  

a c t i v a t e d   to  r a i s e   t h e   t o p   d r i v e   s l i g h t l y .   T h e  

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

The  mode  of  a d d i n g   t h e   s e c o n d   and  s u b s e q u e n t  

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

the   same  as  t he   mode  of  a d d i n g   the   f i r s t   p i p e .  

A  new  l e n g t h   of  p i p e   is   t h r e a d e d   on to   t h e  

s a v e r   sub  as  e x p l a i n e d   p r e v i o u s l y .   The  top   d r i v e  

is   r a i s e d   u n t i l   t he   p i n   of  t he   new  p i p e   c l e a r s   t h e  

box  of  t he   p i p e   a l r e a d y   in  p l a c e .   The  top   d r i v e  

is   t h e n   l o w e r e d   w h i l e   t h e   p i n   of  t he   new  p i p e  

e n t e r s   t he   box  of  t h e   p i p e   a l r e a d y   in  p l a c e   a n d  

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

e n g a g e s   t he   u p p e r   s u r f a c e   148  of  r e t a i n i n g   r i n g  

132.   The  top   d r i v e   i s   t h e n   r o t a t e d   u n t i l   t h e   n e w  



p i p e   is  f u l l y   t h r e a d e d l y   e n g a g e d   w i t h   t he   p i p e  

a l r e a d y   in  p l a c e .   I t   w i l l   be  n o t e d   t h a t   as  t h e  

new  p i p e   is  b e i n g   t h r e a d e d ,   i t   moves  d o w n w a r d l y  

w i t h   r e s p e c t   to  t h e   top   d r i v e   by  v i r t u e   of  t h e  

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

t h e   d r i v e   t o o l   and  t h e   d r i v e   s p i n d l e   so  t h a t   i t   i s  

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

as  t he   new  p i p e   s e c t i o n   is   b e i n g   t h r e a d e d .  

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

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

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

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

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

m e c h a n i s m   is  a t t a c h e d   to  a  b a i l   ( n o t   shown)   on  t h e  

a i r   d i s c h a r g e   s w i v e l   or  t he   top  d r i v e   and  i t   i s  

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

the   d r i l l   s t r i n g .   Once  t h e   d r i l l   s t r i n g   i s  

c l e a r e d ,   t h e   h o i s t   m e c h a n i s m   is  d i s c o n n e c t e d   a n d  

t h e   top   d r i v e   m o t o r   is  a c t i v a t e d   to  r eam  t he   b o r e  

h o l e   and  c o n t i n u e   d r i l l i n g .  

DISASSEMBLING  A  DRILL  STRING 

When  i t   is  d e s i r e d   to  r emove   the   d r i l l   s t r i n g  

from  t h e   b o r e   h o l e ,   t he   b r e a k - o u t   w r e n c h   i s  

e n g a g e d   w i t h   t h e   box  end  b r e a k - o u t   s l o t s   16  of  t h e  

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

top   d r i v e   is  r e v e r s e l y   r o t a t e d   so  as  to  d i s e n g a g e  

the   s a v e r   sub  f r o m   t h e   box  end  of  t h e   u p p e r m o s t  

p i p e   of  t h e   d r i l l   s t r i n g .   The  t op   d r i v e   is   t h e n  

r a i s e d   to  a  c o n v e n i e n t   p o s i t i o n   w h e r e a t   t he   a i r  

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

c o u p l i n g   t o o l   100  ( o r   150)   a r e   r e m o v e d  b y   r e m o v i n g  

s p l i t   t h r u s t   r i n g   130  and  r e t a i n i n g   r i n g   132  a s  

p r e v i o u s l y   e x p l a i n e d .   F o l l o w i n g   t h i s ,   a  b r e a k - o u t  

t o o l   170  is  i n s e r t e d   i n t o   t he   d r i v e   s p i n d l e   64  a n d  



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

a s s e m b l e d   t h r e o n   so  as  to  r e t a i n   t h e   b r e a k - o u t  

t o o l   o p e r a t i v e l y   d i s p o s e d  o n   t he   top   d r i v e .  

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

a d j a c e n t   t he   l o w e r   end  of  the   m a s t .   A  h o i s t   p l u g  

380  is  t h e n   s e c u r e d   to  the  end  374  of  c a b l e   370  o f  

t h e   h o i s t   m e c h a n i s m ,   e x t e n d e d   t h r o u g h   t he   o p e n i n g  

in  the   b r e a k - o u t   t o o l   170  and  t h r e a d e d l y   e n g a g e d  

w i t h   the   t h r e a d s   in  the   box  end  of  t h e   u p p e r m o s t  

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

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

s l i g h t l y   so  as  to  move  the  w e i g h t   of  t he   d r i l l  

s t r i n g   f rom  t h e   b r e a k - o u t   w r e n c h .   The  b r e a k - o u t  

w r e n c h   is  r e t r a c t e d   and  the   h o i s t   m e c h a n i s m   i s  

a c t u a t e d   to  r a i s e   t he   d r i l l   s t r i n g   t h e   l e n g t h   of  a 

d r i l l   p i p e .   As  t h i s   o c c u r s ,   the   d r i l l   s t r i n g  

p a s s e s   t h r o u g h   a x i a l   b o r e   186  of  t h e   b r e a k - o u t  

t o o l   and  t he   dogs   190  a re   p i v o t e d   o u t w a r d l y   o f  

b o r e   186  a g a i n s t   t h e   b i a s   of  s p r i n g   204 .   T h e  

d r i l l   s t r i n g   i s   r a i s e d   u n t i l   the   box  end  b r e a k - o u t  

s l o t s   of  t he   n e x t   p i p e   are   v e r t i c a l l y   a l i g n e d   w i t h  

t h e   b r e a k - o u t   w r e n c h   and  the   dogs   190  a r e  

v e r t i c a l l y   a l i g n e d   w i t h   the   p in   end  b r e a k - o u t  

s l o t s .   As  p r e v i o u s l y   e x p l a i n e d ,   i t   may  b e  

n e c e s s a r y   to  r o t a t e   t he   top  d r i v e   so  as  t o  

a n g u l a r l y   a l i g n   t he   dogs  190  and  b r e a k - o u t   w r e n c h  

400  w i t h   the   p i n  e n d  b r e a k - o u t   s l o t s   18  and  b o x  

end  b r e a k - o u t   s l o t s   16,   r e s p e c t i v e l y .   At  t h i s  

p o i n t ,   i t   is  t o  b e   n o t e d  t h a t   s h o u l d e r   184  o f  

f l a n g e   182  of  b r e a k - o u t   t o o l   170  a b u t t i n g l y  

e n g a g e s   a n n u l a r   s u r f a c e   90  of  d r i v e   s p i n d l e   64  a n d  

t h e   dogs  190  a r e   d i s p o s e d   at   t he   u p p e r   end  of  t h e  

l o n g i t u d i n a l l y   e l o n g a t e d   p in   and  b r e a k - o u t   s l o t s .  

A d d i t i o n a l l y ,   t h e   c o m p r e s s i o n   s p r i n g   a s s e m b l y   3 6 4  

of  p i v o t   head   a s s e m b l y   358  of  t he   h o i s t   m e c h a n i s m  

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



s t r i n g .   T h u s ,   as  t he   t o p   d r i v e   is  r e v e r s e l y  

r o t a t e d ,   t he   u p p e r   d r i l l   p i p e   i s   u n t h r e a d e d   f r o m  

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

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

b i a s   of  t h e   c o m p r e s s i o n   s p r i n g   a s s e m b l y .   F u r t h e r ,  
i t   w i l l   be  n o t e d   t h a t  d o g s   190  move  r e l a t i v e l y  

d o w n w a r d l y   of  t h e   p i n   end  b r e a k - o u t   s l o t s   and  t h e  

b r e a k - o u t   t o o l   moves   a x i a l l y   u p w a r d l y   r e l a t i v e   t o  

t h e   t op   d r i v e .   As  p r e v i o u s l y   e x p l a i n e d ,  

i n c r e m e n t a l   v e r t i c a l   a d j u s t m e n t   of  t h e   t op   d r i v e  

is  n o t   n e c e s s a r y .  
Once  the   u p p e r   d r i l l   p i p e   has   b e e n   c o m p l e t e l y  

u n t h r e a d e d ,   t h e   h o i s t   m e c h a n i s m   is   r e t r a c t e d   a n d  

t h e   d e c o u p l e d   p i p e   is   p l a c e d   in  t h e   p i p e   r a c k .  

The  a b o v e   d e s c r i b e d   p r o c e d u r e   i s   t h e n   r e p e a t e d  

u n t i l   t h e   d r i l l   s t r i n g   i s   f u l l y   d i s m a n t l e d .  

DUAL  WALL  DRILL  P I P E  

W i t h   r e f e r e n c e   to  F IG .   26,   t h e   d u a l - w a l l   d r i l l  

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

d e s i g n a t e d   by  r e f e r e n c e   n u m e r a l   510 ,   is   g e n e r a l l y  

c o m p r i s e d   of  an  o u t e r   p i p e   member   512  and  an  i n n e r  

p i p e   member  514 .   The  i n n e r   and  o u t e r   p i p e   m e m b e r s  

t o g e t h e r   d e f i n e   an  a n n u l a r   p a s s a g e w a y   516  w h i c h  

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

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

b o r e   h o l e .   The  i n n e r   p i p e   member   d e f i n e s   a  f l u i d  

p a s s a g e w a y   518  f o r   c o m m u n i c a t i n g   t he   f l u i d   a n d  

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

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

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

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

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

s u p p o r t s   i t s   a s s o c i a t e d   i n n e r   p i p e   member   so  as  t o  

m i n i m i z e   t he   s t r e n g t h   r e q u i r e m e n t s   of  t h e   i n n e r  



p i p e   member  as  w e l l   as  f a i l u r e   of  t h e   i n n e r   p i p e  

t u b i n g .   S t i l l   f u r t h e r ,   t he   d r i l l   p i p e   a r r a n g e m e n t  

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

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

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

h a n d l i n g   is  e f f e c t i v e l y   and  c o n v e n i e n t l y  

r e i n f o r c e d   so  as  to  a g a i n   m i n i m i z e   damage   to  t h e  

i n n e r   t u b i n g .  

Wi th   p a r t i c u l a r   r e f e r e n c e   to  FIG.   27  of  t h e  

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

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

m a n u f a c t u r e   of  t he   o u t e r   p i p e   member .   I n  

p a r t i c u l a r ,   the   o u t e r   p i p e  m e m b e r   is  c o m p r i s e d   o f  

a  box  520,   an  e l o n g a t e d   t u b e   522  and  a  p in   5 2 4 .  

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

d i a m e t e r   as  s h o w n .  

The  box  520  i n c l u d e s   an  i n t e r n a l   t h r e a d   526  a t  

i t s   f r e e   end  w h i l e   the   p in   524  is  f o r m e d   w i t h   a n  

e x t e r n a l  t h r e a d   528  f o r   e n g a g e m e n t   w i t h   the  t h r e a d  

526  of  t h e   box  of  a n o t h e r   o u t e r   p i p e   member .   T h e  

o p p o s i t e   end  of  t he   box  530  is  f o r m e d   w i t h   a  

p o r t i o n  5 2 0   of  r e d u c e d   d i a m e t e r   f o r   r e c e p t i o n   i n  

one  end  of  t u b e   522.   S i m i l a r l y ,   t h e   end  of  p i n  
524  r e m o t e   f rom  t h r e a d   528  is  f o r m e d   w i t h   a  

p o r t i o n   532  of  r e d u c e d  d i a m e t e r   f o r   r e c e p t i o n  

w i t h i n   t h e   o p p o s i t e   end  of  t h e   t u b e   522 .   The  b o x  

520  and  p i n   524  a r e   w e l d e d   to  t h e i r   r e s p e c t i v e  

e n d s   of  t u b e   522  as  by  w e l d s  5 3 4   and  5 3 6 ,  

r e s p e c t i v e l y .  

T h e  b o r e   of  box  520  is   s t e p p e d   a t   538  and  5 4 0  

so  as  to  d e f i n e   a  f i r s t   b o r e   p o r t i o n   542  o f  

r e d u c e d   d i a m e t e r   and  a  s e c o n d   b o r e   p o r t i o n   544  o f  

r e d u c e d   d i a m e t e r .   The  s t e p s   538  and  5 4 0  a r e  

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

i n n e r   p i p e   member  w i t h i n   t h e   o u t e r   p i p e   m e m b e r .  



As  w i l l   become   c l e a r e r   l a t e r ,   s t e p   or  s h o u l d e r   5 3 8  

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

i m p a r t e d   on  t h e   i n n e r   p i p e   member   d i r e c t l y   to  t h e  

o u t e r   p i p e   m e m b e r .   S t e p   540  i s   p r o v i d e d   in  o r d e r  

to  p r o v i d e   a d e q u a t e   w a l l   t h i c k n e s s   in  t he   v i c i n i t y  

of  a  p a i r   of  o p p o s e d   f l a t t e n e d ,   t r a n s v e r s e  

r e c e s s e s   546.   As  is  e x p l a i n e d   s u p r a ,   t he   r e c e s s e s  

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

t o o l s   a s s o c i a t e d   w i t h   t h e   d r i l l   r i g   f o r  

d i s m a n t l i n g   a  d r i l l   s t r i n g .   S i m i l a r l y ,   t he   p i n  

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

r e c e s s e s   5 4 8 .  

R e d u c e d   d i a m e t e r   p o r t i o n   542  of  the   box  520  i s  

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

g r o o v e   550  w h i c h   in   t h e   p r e f e r r e d   form  of  t h e  

i n v e n t i o n   is   a r c u a t e   in  c r o s s - s e c t i o n .   Groove   5 5 0  

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

i n n e r   p i p e   member  as  w i l l   b e c o m e   c l e a r e r  

h e r e i n a f t e r .  

With   r e f e r e n c e   to  FIG.  28  of  t he   d r a w i n g s ,  

i n n e r   p i p e   member   514  is  f o r m e d   w i t h   s p a c e r   m e a n s  

a t   e a c h   end  t h e r e o f   f o r   m a i n t a i n i n g   c o n c e n t r i c i t y  

b e t w e e n   the   i n n e r   and  o u t e r   p i p e   m e m b e r s .  

The  s p a c e r   means   560  d i s p o s e d   a t   the   u p p e r  
e n d s   562  of  t h e   i n n e r   p i p e   514  i s   c o m p r i s e d   o f  

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

s p a c e r   members   or  p l a t e   564 .   As  b e s t   shown  i n  

F IG .   29,   t he   f o u r   p a i r s   of  s p a c e r   members   a r e  

e q u a l l y   a n g u l a r l y   s p a c e d   a b o u t   i n n e r   p i p e   5 1 4 .  

E a c h   p a i r   of  s p a c e r   m e m b e r s   564  d e f i n e   a  r a d i a l l y  

o u t w a r d l y   f a c i n g   c h a n n e l   or  c h a m b e r   566  in  w h i c h  

i s   d i s p o s e d   an  e l o n g a t e d   l e a f   s p r i n g   568  as  s h o w n  

in  FIG.  2 6 .  

Each   s p a c e r   member   i s   of  t h e   fo rm  of  a  bar   o f  

m e t a l   or  p l a t e   w e l d e d   to  t h e   o u t e r   p e r i p h e r y   o f  



i n n e r   p i p e   514  a n d  h a v i n g   an  o u t e r   edge   570  w h i c h  

c o n f o r m s   to  the   s h a p e   of  t h e   i n n e r   b o r e   of  t h e  

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

a x i s   of  t h e   i n n e r   p i p e   so  as  to   be  in  s l i d i n g  

c o n t a c t   w i t h   the  bo re   of  the   o u t e r   p i p e .   M e m b e r s  

564  e a c h   d e f i n e   a  s h o u l d e r   572  a b u t t i n g l y  

e n g a g e a b l e   w i t h   s h o u l d e r   538  of  t h e   o u t e r   p i p e  

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

t h e   o u t e r   p i p e   when  the   p i p e   s e c t i o n   is  h e l d   in  a n  

u p r i g h t   p o s i t i o n .  

As  shown  in  FIGS.  31  and  32 ,   e a c h   l e a f   s p r i n g  

568  is  g e n e r a l l y   V - s h a p e d   in  e d g e   v iew  and  has  a 

p a i r   of  a rms  575  and  576  w h i c h   d i v e r g e   from  o n e  

a n o t h e r   f rom  an  apex  577  s h a p e d   to  mate   w i t h  

a r c u a t e   g r o o v e s   550  in  o u t e r   p i p e   512.   The  end  o f  

arm  575  is  f o rmed   w i t h  a n   eye  578  f o r   r e c e i v i n g   a 

t r a n s v e r s e   p i n   580  (FIG.   26)  e x t e n d i n g   b e t w e e n   t h e  

u p p e r   e n d s   of  a  p a i r  o f   s p a c e r   m e m b e r s   564.  E n d  

586  of  arm  576  is  f o r m e d   to  a b u t t i n g l y   e n g a g e   a n d ,  

to  a  l i m i t e d   e x t e n t ,   s l i d e   a l o n g  t h e   o u t e r  

p e r i p h e r y   of  i n n e r   p i p e   514.   To  p r e v e n t   s p r i n g  

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

the   p i p e   s e c t i o n ,   a  t r a n s v e r s e   p i n   588  is  p r o v i d e d  

at   t h e   l o w e r   ends   of  s p a c e r  m e m b e r   564  so  as  t o  

c o n f i n e   end  586  of  the  arm  576  b e t w e e n   p in   588  a n d  

t h e   i n n e r   p i p e ,   as  b e s t  s h o w n   i n  F I G .   2 6 .  

T h u s ,   when  the  i n n e r   p i p e   member   514  i s  

i n s e r t e d   i n t o   the  box  end  of  o u t e r   p i p e   member  512 

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

568  a re   r a d i a l l y   i n w a r d l y   d e p r e s s e d   u n t i l   a p i c e s  

557  r e a c h   and  engage   g r o o v e   550 .   So  p o s i t i o n e d ,  

l e a f   s p r i n g s   568  s e r v e   to  f r i c t i o n a l l y   a n d  

r e l e a s a b l y   r e t a i n   the  i n n e r   p i p e   member   514  w i t h i n  

an  o u t e r   p i p e   member  512  t h e r e b y   f a c i l i t a t i n g  

s t o r a g e   and  h a n d l i n g   of  the   a s s e m b l y .  



S e c u r e d   to  the   l o w e r   e n d s   590  of  t he   i n n e r  

p i p e   member   514  is  a  t u b u l a r   c o n n e c t o r   member  5 9 2  

h a v i n g   a  b o r e   594  f o r m e d   w i t h   an  a n n u l a r   r i b   5 9 6  

d e f i n i n g   o p p o s e d   a n n u l a r   s h o u l d e r s   598  and  6 0 0 .  

Rib  596  d e f i n e s   an  u p p e r   b o r e   p o r t i o n   602  and  a  

l o w e r   b o r e   p o r t i o n   604.   B o r e   p o r t i o n   6 0 2  

t e l e s c o p i n g l y   r e c e i v e s   t h e   l o w e r   end  590  of  t u b e  

514  to   w h i c h   t he   u p p e r   end  of   t he   c o n n e c t o r   i s  

w e l d e d   a t   606  as  shown  in  FIG.   28.  The  l o w e r  

b o r e   p o r t i o n   604  of  b o r e   594  i s   a d a p t e d   t o  

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

562  of  a n o t h e r   i n n e r   p i p e   m e m b e r .   A  p a i r   o f  

0 - r i n g s   608  d i s p o s e d   in  g r o o v e s   610  s e r v e   to  s e a l  

a d j a c e n t   ends   of  c o n n e c t e d   i n n e r   p i p e   m e m b e r s .  

E x t e n d i n g   l o n g i t u d i n a l l y   u p w a r d l y   f rom  t h e  

c o n n e c t o r   member  592  a r e   a  p l u r a l i t y   of  e q u a l l y  

a n g u l a r l y   s p a c e d   s p a c e r   m e m b e r s   612  w h i c h   s e r v e   t o  

b o t h   c o n c e n t r i c a l l y   d i s p o s e   t h e   l o w e r   end  590  o f  

t h e   i n n e r   p i p e   member  514  w i t h i n   t h e   o u t e r   p i p e  

member   512  and  r e i n f o r c e   l o w e r   end  590  of  i n n e r  

p i p e   member   514.   As  is   i n d i c a t e d   in  FIG.  26,   t h e  

l o w e r   end  of  the   i n n e r   p i p e   p r o j e c t s   a x i a l l y  

o u t w a r d l y   of  the   l o w e r   end  of  t he   o u t e r   p i p e  

member   a n d ,   t h u s ,   is  s u b j e c t   to  damage   d u r i n g  

s t o r a g e   and  h a n d l i n g .   H o w e v e r ,   s p a c e r   member s   512 

and  c o n n e c t o r   592  s e r v e   to  p r o t e c t   and  r e i n f o r c e  

t h e   end  of  t he   i n n e r   p i p e   m e m b e r .  

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

end  590  of  an  i n n e r   p i p e   m e m b e r   is  i n s e r t e d   i n t o  

t h e   box  end   520  of  an  o u t e r   p i p e   member  a n d  

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

u n t i l   p r o j e c t i o n   584  of  t h e   l e a f   s p r i n g s   568  e n t e r  

and  r e s i l i e n t l y   e n g a g e   g r o o v e   550  in  box  520  o f  

t h e   o u t e r   p i p e   member  512  and   s h o u l d e r s   538  a n d  

572  of   t h e   o u t e r   and  i n n e r   p i p e   m e m b e r s ,  



r e s p e c t i v e l y ,   a b u t t i n g l y   e n g a g e .   When  s o  

a s s e m b l e d ,   s p r i n g s   568  s e r v e   to  r e t a i n   t he   i n n e r  

p i p e   member  w i t h i n   t h e   o u t e r   p i p e   m e m b e r ,  e v e n   i f  

the   p i p e   s e c t i o n   i s   i n v e r t e d .   In  o r d e r   t o  

d i s m a n t l e   a  p i p e   s e c t i o n ,   an  a x i a l ,   u p w a r d l y  

d i r e c t e d   f o r c e   o f  a   m a g n i t u d e   wh ich   is  s u f f i c i e n t  

to  r a d i a l l y   i n w a r d l y   d e p r e s s   s p r i n g s   568  i s  

a p p l i e d   to  t h e   l o w e r   end  590  of  the  i n n e r   p i p e  

member .   The  i n n e r   p i p e   member  may  t h e n   be  r e a d i l y  

t e l e s c o p i n g l y   r e m o v e d   f rom  the  o u t e r   p i p e   m e m b e r .  

In  o r d e r   to  a s s e m b l e   a  d r i l l   s t r i n g   f o r m e d   o f  

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

l o w e r   end  590  of  t h e   i n n e r   p i p e   member  is  i n s e r t e d  

i n t o   the  box  end  of  a  d r i l l   s t r i n g   a n d  

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

t he   p in   524  of  t he   p i p e   s e c t i o n   b e i n g   a s s e m b l e d  

e n g a g e s   t h e   u p p e r   box  520  of  t he   d r i l l   s t r i n g .  

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

r o t a t e d   w i t h   r e s p e c t   to   the   d r i l l   s t r i n g   so  as   t o  

t h r e a d e d l y   e n g a g e   t h e   p i n   524  of  the  new  s e c t i o n  

w i t h   the   b o x  5 2 0   of  t h e   d r i l l   s t r i n g .  

I t   w i l l   be  a p p r e c i a t e d   t h a t   the   s p a c e r   m e m b e r  

564  and  s p r i n g s   568  n e e d   no t   n e c e s s a r i l y   b e  

d i s p o s e d   at   t h e   u p p e r   end  of  the  i n n e r   p i p e .  

I n d e e d ,   t h e y   may  be  d i s p o s e d   at  the   l o w e r   end  o f  

the   p ipe   w i t h   t he   p i n  5 2 4   s u i t a b l y   m o d i f i e d   t o  

r e c e i v e   t h e s e   m e m b e r s .   In  t h i s   c a s e ,   t h e  

c o n n e c t o r   member   592  and  s p a c e r   member  612  w o u l d  

be  d i s p o s e d   a t   t he   u p p e r   end  of  the   i n n e r   p i p e .  



1.  A  d u a l - w a l l   d r i l l   p i p e   s e c t i o n ,   c h a r a c t e r i z e d  

b y :  

an  o u t e r   p i p e   member   ( 5 1 2 )   h a v i n g   an  i n t e r n a l l y  

t h r e a d e d   box  end  ( 5 2 0 )   and  an  e x t e r n a l l y   t h r e a d e d   p i n  

end   ( 5 2 4 ) ;  

an  i n n e r   p i p e . m e m b e r   a d a p t e d   to  be  c o n c e n t r i c a l l y  

d i s p o s e d   w i t h i n   s a i d   o u t e r   p i p e   member  and  d e f i n i n g  

t h e r e w i t h   an  a n n u l a r   f l u i d   p a s s a g e   ( 6 1 5 ) ;   a n d  

means   ( 5 7 2 )   i n t e r p o s e d   b e t w e e n   s a i d   i n n e r   a n d  

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

r e t a i n i n g   s a i d   i n n e r   p i p e   member  w i t h i n   s a i d   o u t e r  

p i p e   member  p r i o r   to   a s s e m b l y   of  s a i d   s e c t i o n   in  a  

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

2.  A  d r i l l   p i p e   s e c t i o n   as  d e f i n e d   in  c l a i m   1 ,  

c h a r a c t e r i z e d   b y :  

s a i d   r e t a i n i n g   m e a n s   i n c l u d i n g   r e c e s s   means  ( 5 0 )  

f o r m e d   on  one  of  s a i d   p i p e   members   and  means   ( 6 8 )  

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

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

r e c e s s   means  p r e f e r a b l y   b e i n g   ( i )   a  c i r c u m f e r e n t i a l  

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

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

l o n g i t u d i n a l   s e c t i o n   of  s a i d   o u t e r   p i p e   member ,   s a i d  

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

c o n n e c t e d   to  t h e   o u t e r   p e r i p h e r y   of  s a i d   i n n e r   p i p e  

m e m b e r ,   s a i d   s p r i n g   m e a n s   p r e f e r a b l y   b e i n g   g e n e r a l l y  

V - s h a p e d ,   ahd  h a v i n g   an  a p e x   ( 5 7 7 )   e n g a g e a b l e   w i t h  

s a i d   r e c e s s   m e a n s ,   t h e   end   ( 5 7 8 )   of  one  of  t he   a r m s  

( 5 7 5 )   of  s a i d   s p r i n g   m e a n s   ( 5 6 8 )   b e i n g   p i v o t a l l y  

c o n n e c t e d   to  s a i d   i n n e r   p i p e   member ;   or  ( i i )   a  

c i r c u m f e r e n t i a l   r e c e s s   ( 5 5 0 )   f o r m e d   in  t h e   b o r e   o f  

s a i d   o u t e r   p i p e   m e m b e r ;  

s a i d   r e t a i n i n g   m e a n s   b e i n g   a t   l e a s t   one  V - s h a p e d  

s p r i n g   ( 5 6 8 )   means  c o n n e c t e d   to  t he   o u t e r  



p e r i p h e r y   of  s a i d   i n n e r   p i p e   member  and  i t s   a p e x  

( 5 7 7 )   f o r m e d   to  s e a t   in  s a i d   r e c e s s ;   a n d  

s a i d   s p r i n g   means  (568)   b e i n g   i n w a r d l y  

d e p r e s s e d   and  b i a s e d   by  s a i d   b o r e   of  s a i d   o u t e r  

p i p e   member   when  s a i d   i n n e r   p i p e   member  i s  

t e l e s c o p i n g l y   i n s e r t e d   i n t o   the   b o r e ;   s a i d   r e c e s s  

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

of  s a i d   o u t e r   p i p e   member  and  s a i d   a p e x   ( 5 7 7 )  

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

e n g a g e a b l e   w i t h   s a i d   r e c e s s ;  

3.  A  d r i l l   p i p e   s e c t i o n   as  d e f i n e d   in  c l a i m  

1  or  2,  c h a r a c t e r i z e d   by  s a i d   i n n e r   and  o u t e r   p i p e  

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

means  ( 5 3 8 )   f o r   l o n g i t u d i n a l l y   l o c a t i n g   s a i d   i n n e r  

p i p e   member   ( 5 1 4 )   w i t h i n   s a i d   o u t e r   p i p e   m e m b e r  

( 5 1 2 )   and  t r a n s f e r r i n g   a x i a l   l o a d s   a p p l i e d   in  a  

d o w n w a r d   d i r e c t i o n   to  s a i d   i n n e r   p i p e   member   t o  

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

4.  A  d r i l l   p i p e   s e c t i o n   as  d e f i n e d   in   c l a i m  

1,  2  or  3,  c h a r a c t e r i z e d   by  one  of  s a i d   p i p e  

m e m b e r s   h a v i n g   s p a c i n g   means  ( 6 1 2 )   a d a p t e d   to  b e  

d i s p o s e d   w i t h i n   s a i d   p a s s a g e   fo r   m a i n t a i n i n g  

c o n c e n t r i c i t y   b e t w e e n   s a i d   i n n e r   and  o u t e r   p i p e  

m e m b e r s .  

5.  A  d u a l - w a l l   d r i l l   p i p e   s e c t i o n   f o r   a  

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

c o n n e c t e d   d r i l l   p i p e   s e c t i o n s ,   fo r   use   in  d r i l l i n g  

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

c h a r a c t e r i z e d   b y :  

an  o u t e r   p i p e   member  ( 5 1 2 )   h a v i n g   a n  

i n t e r n a l l y   t h r e a d e d   box  end  ( 5 2 0 ) ,   an  e x t e r n a l l y  

t h r e a d e d   p i n   end  ( 5 2 4 ) ,   i n t e r n a l   s h o u l d e r   m e a n s  

( 5 4 6 )   e x t e n d i n g   i n w a r d l y   of  the   b o r e   of  s a i d   o u t e r  

member  and  r e c e s s   means  f o r m e d   in  s a i d   b o r e ;  



an  i n n e r   p i p e   member  ( 5 1 4 )   a d a p t e d   to  b e  

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

m o v e a b l e   i n w a r d l y   and  o u t w a r d l y   of  s a i d   o u t e r   p i p e  

member   ( 5 1 2 ) ,   e x t e r n a l   s h o u l d e r   means   ( 5 7 2 )  

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

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

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

i n n e r   p i p e   member  and  f o r   s u p p o r t i n g   s a i d   i n n e r  

p i p e   member   in  s a i d   o u t e r   p i p e   member  when  s a i d  

s e c t i o n   i s   in  an  u p r i g h t   p o s i t i o n ;   a n d  

means   ( 5 6 0 )   s e c u r e d   to  t h e   o u t e r   p e r i p h e r y   o f  

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

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

p i p e   member   w i t h i n   s a i d   o u t e r   p i p e   m e m b e r .  

6.  A  d r i l l   p i p e   s e c t i o n   as  d e f i n e d   in  c l a i m  

5  c h a r a c t e r i z e d   by:   s a i d   r e t a i n i n g   m e a n s  

i n c l u d i n g   a  p l u r a l i t y   of  g e n e r a l l y   V - s h a p e d   l e a f  

s p r i n g s   ( 5 6 8 ) ,   t h e   end  of  one  arm  of  e a c h   s a i d  

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

s a i d   i n n e r   p i p e   m e m b e r ,   and  t h e   of  t h e   o t h e r   a r m  

( 5 7 6 )   of   e a c h   s a i d   s p r i n g   b e i n g   a b u t t i n g l y   a n d  

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

s a i d   i n n e r   p i p e   member  and  t h e   apex   ( 5 7 7 )   of  e a c h  

s a i d   s p r i n g   means  b e i n g   s p a c e d   f rom  s a i d   p e r i p h e r y  

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

( 5 5 0 ) ,   s a i d   r e c e s s   means   p r e f e r a b l y   ( i )   b e i n g   a  

c i r c u m f e r e n t i a l   r e c e s s   or  ( i i )   a r c u a t e   i n  

l o n g i t u d i n a l   c r o s s   s e c t i o n ,   s a i d   a p e x   ( 5 7 7 )   o f  

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

w i t h   s a i d   r e c e s s ,   a n d  

7.  A  d r i l l   p i p e   s e c t i o n   as  d e f i n e d   in  c l a i m  

5  or  6,  c h a r a c t e r i z e d   by:   f u r t h e r   i n c l u d i n g  

s p a c e r   means   ( 5 6 0 )   s e c u r e d   to  e a c h   end  of  s a i d  

p e r i p h e r y   of  s a i d   i n n e r   p i p e  m e m b e r   and  b e i n g  

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



p i p e   member  f o r   m a i n t a i n i n g   c o n c e n t r i c i t y   b e t w e e n  

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

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

s p a c e d   l o n g i t u d i n a l l y   e x t e n d i n g   p l a t e s   ( 5 6 4 )  

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

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

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

member ,   and  i f   d e s i r e d ,   f u r t h e r   i n c l u d i n g   p i n  

means  ( 5 8 8 )   e x t e n d i n g   b e t w e e n   p a i r s   of  s a i d   p l a t e s  

at  one  end  of  e a c h   i n n e r   p i p e   member ,   s a i d   end  o f  

s a i d   one  arm  of  each   s a i d   l e a f   s p r i n g   b e i n g  

c o n n e c t e d   to  s a i d   p in   means   f o r   p i v o t a l   m o v e m e n t  

t h e r e a b o u t ,   s a i d   e x t e r n a l   s h o u l d e r   m e a n s  

p r e f e r a b l y   b e i n g   f o r m e d   on  s a i d   p l a t e s   a t   one  e n d  

of  s a i d   i n n e r   p i p e   member ,   and ,   i f   d e s i r e d ,  

f u r t h e r   i n c l u d i n g   a  c o n n e c t o r   member  ( 5 9 2 )   s e c u r e d  

to  one  end  of  s a i d   i n n e r   p i p e   member  f o r   s e a l i n g l y  

c o n n e c t i n g   s a i d   one  end  to  the   o t h e r   end  o f  

a n o t h e r   i n n e r   p i p e   m e m b e r .  

8.  A  d u a l - w a l l   d r i l l   p i p e   s e c t i o n   f o r   a  

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

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

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

c h a r a c t e r i z e d   b y  

an  o u t e r   p i p e   member  ( 5 1 2 )   h a v i n g   a  b o r e ,   a n  

i n t e r n a l l y   t h r e a d e d   box  end  ( 5 2 0 )   d e f i n i n g   a n  

u p p e r   end ,   an  e x t e r n a l l y   t h r e a d e d   p in   end  ( 5 2 4 )  

d e f i n i n g   a  l o w e r   end  t h r e a d e d   e n g a g e a b l e   w i t h   t h e  

box  end  of  an  a d j a c e n t   o u t e r   p i p e   member ,   a 

c o n c e n t r i c   c o n i c a l   s h o u l d e r   ( 5 4 6 )   in  s a i d   b o r e  

a d j a c e n t   s a i d   box  end  and  a  c o n c e n t r i c  

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

d o w n w a r d l y   s p a c e d   f rom  s a i d   s h o u l d e r ;  

an  i n n e r   p i p e   member  ( 5 1 4 )   a d a p t e d   to  b e  

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



m o v e a b l e   i n w a r d l y   and  o u t w a r d l y   of  s a i d   o u t e r   p i p e  

member  ( 5 1 2 )   and  d e f i n i n g   t h e r e w i t h   a  f i r s t  

a n n u l a r   f l u i d   p a s s a g e   ( 5 1 6 )   and  h a v i n g   a  b o r e  

d e f i n i n g   a  s e c o n d   f l u i d   p a s s a g e   ( 5 1 8 ) ,   f i r s t  

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

s a i d   i n n e r   p i p e   member  a d j a c e n t   one  end  t h e r e o f  

d e f i n i n g   t h e   u p p e r   end ,   s a i d   f i r s t   s p a c e r   m e a n s  

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

l o n g i t u d i n a l l y   e x t e n d i n g   p l a t e s   ( 5 6 4 )   e a c h   h a v i n g  

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

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

e a c h   s a i d   p l a t e   h a v i n g   a  t a p e r e d   s h o u l d e r   ( 5 7 2 )  

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

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

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

(612)   e x t e n d i n g   f rom  t h e   o u t e r   p e r i p h e r y   of  s a i d  

i n n e r   p i p e   member  a d j a c e n t   the  o t h e r   end  t h e r e o f ,  

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

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

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

member ;   a n d  

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

p i p e   member   w i t h i n   s a i d   o u t e r   p i p e   member ,   s a i d  

r e t a i n i n g   means   i n c l u d i n g   a  g e n e r a l l y   V - s h a p e d  

l e a f   s p r i n g   ( 5 6 8 )   d i s p o s e d   b e t w e e n   t he   p l a t e s  

d e f i n i n g   s a i d   p a i r s   of  p l a t e s ,   t he   u p p e r   end  ( 5 7 8 )  

of  one  a rm  ( 5 7 5 )   of  e a c h   l e a f   s p r i n g   b e i n g  

p i v o t a l l y   c o n n e c t e d   to  i t s   a s s o c i a t e d   p a i r   o f  

p l a t e s   a b o u t   a  t r a n s v e r s e   a x i s ,   the   l o w e r   e n d  

(586)   of  t h e   o t h e r   arm  ( 5 7 6 )   of  e a c h  s a i d   l e a f  

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

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

t he   a p e x   ( 5 7 7 )   of  e a c h   s a i d   l e a f   b e i n g   s p a c e d  

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

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



( 5 5 0 )   when  s a i d   s h o u l d e r s   a re   a b u t t i n g l y   e n g a g e d  

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

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