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©  Rotary  drill  bit. 
  A  rotary  drill  bit  includes  a  cutting  face  (24)  having  a 
peripheral  edge  (26)  and  a  central  recess  (28).  A  plurality  of 
fluid  discharge  nozzles  (18)  are  mounted  in  the  cutting  face 
(24).  A  plurality  of  cutter  elements  (14)  are  mounted  in  the 
peripheral  edge  (26)  and  in  the  recess  (28)  to  fracture  an 
earthen  core  formed  as  the  drill  cuts  through  a  formation.  A 
plurality  of  lateral  discharge  passages  (36)  extend  radially 
through  the  bit  body  (10)  from  said  recess  (28)  and  extend 
longitudinally  to  the  peripheral  edge  (26)  to  form  circum- 
ferential  interruptions  in  the  peripheral  edge  (26).  A  convex 
protrusion  (34)  is  diposed  centrally  at  a  longitudinally  inner 
end  of  the  recess  (28)  and  includes  a  convex  deflecting 
surface  (40)  arranged  to  contact  and  fracture  the  earthen  core 
and  deflect  the  cuttings  to  the  lateral  discharge  passages 
(36).  A  ridge  (50)  is  disposed  along  a  trailing  edge  of  each  of 
the  discharge  passages  (36)  to  retard  the  flow  of  drilling  fluid 
into  the  associated  discharge  passage  (36)  from  an  adjacent 
one  of  the  nozzles  (18),  whereby  such  fluid  is  caused  to  flow 
across  cutter  elements  (14)  located  behind  the  ridges  (50). 



The  p r e s e n t   i n v e n t i o n   r e l a t e s   to  d r i l l   b i t s   f o r   use  in  r o t a r y  

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

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

r o t a t e d   w h i l e   b e i n g   a d v a n c e d   i n t o   a  s o i l   or  r o c k   f o r m a t i o n .  

The  s o i l   or  r o c k   i s   c u t   by  c u t t i n g   e l e m e n t s   on  t h e   d r i l l   b i t ,  

and  t h e s e   c u t t i n g s   a r e   f l u s h e d   f rom  t h e   b o r e h o l e   by  t he   c i r -  

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

The  d r i l l i n g   f l u i d   i s   d e l i v e r e d   to  t h e   d r i l l   b i t   d o w n w a r d l y  

t h r o u g h   a  p a s s a g e   in  t h e   d r i l l   s t em   and  i s   e j e c t e d   o u t w a r d l y  

t h r o u g h   n o z z l e s   d i s p o s e d   in  t he   c u t t i n g   f a c e   of  t h e   d r i l l   b i t .  

The  e j e c t e d   d r i l l i n g   f l u i d   is  d i r e c t e d   o u t w a r d l y   t h r o u g h   t h e  

n o z z l e s   at  h i g h   s p e e d   to   a i d   in  c u t t i n g ,   and  to   f l u s h   t h e  

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

A  t r a d i t i o n a l   a r e a   of  c o n c e r n   in  t h e   d e s i g n   of  r o t a r y   d r i l l  

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

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

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

I t   has  been   h e r e t o f o r e   p r o p o s e d   to  p r o v i d e   a  d r i l l   b i t   w i t h  

a  c o n c a v e   r e c e s s   a t   t h e   c e n t e r   of  t h e   c u t t i n g   f a c e .   When 

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

is   f o r m e d   w i t h i n   t h e   r e c e s s .   The  c o r e   is   g r a d u a l l y   b r o k e n  

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

an  i n c l i n e d   s u r f a c e   d i s p o s e d   at   an  i n n e r   end  of  t h e   r e c e s s .  

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

t h r o u g h   a  d i s c h a r g e   p a s s a g e   in  t he   b i t   b o d y .   A  d r i l l   b i t   o f  

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

s u b s t a n c e s .   In  t h e   l a t t e r ,   t he   l a t e r a l   d i s c h a r g e   p a s s a g e  

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

m i g h t   o t h e r w i s e   c l o g - u p   the   r e c e s s ;   t h u s ,   c u t t i n g   may  p r o -  
c e e d   a t   a  f a s t e r   r a t e .   E x e m p l a r y   of  d r i l l   b i t s   of  t h a t   t y p e  

a r e   t h e   b i t s   d i s c l o s e d   in  US-A-2  931  630,   US-A-3   727  704  

and  US-A-4  234  0 4 8 .  



D r i l l   b i t s   of  t h e   a b o v e - d e s c r i b e d   t y p e   a r e   s u b j e c t   to   c e r t a i n  

s h o r t c o m i n g s ,   h o w e v e r ,   as  d e t e r m i n e d   by  t he   p r e s e n t   i n v e n t o r .  

For  e x a m p l e ,   as  t h e   c o r e   i s   e n g a g e d   and  b r o k e n   up  by  t h e   i n -  

c l i n e d   s u r f a c e   a t   t h e   i n n e r   end  of  t h e   r e c e s s ,   an  u n b a l a n c e d  

f o r c e   p a t t e r n   is   e s t a b l i s h e d   on  t he   d r i l l   b i t .   T h a t   i s ,   t h e  

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

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

t h e   d r i l l   b i t   f r om  i t s   i n t e n d e d   t r a v e l   p a t h .   As  a  r e s u l t ,   i t  

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

F u r t h e r m o r e ,   in  c a s e s   w h e r e   t h e   d i s c h a r g e   p a s s a g e   in  t h e   b i t  

body   e x t e n d s   l o n g i t u d i n a l l y   a l l   t he   way  to  t h e   f o r w a r d   e n d  

of  t h e   b i t ,   t h e r e   may  be  a  t e n d e n c y   f o r   d r i l l i n g   f l u i d   to   b y -  

p a s s   some  of  t h e   c u t t i n g   e l e m e n t s   m o u n t e d   on  t h e   b i t .   T h a t   i s ,  

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

d r i l l i n g   f l u i d   to   t r a v e l   d i r e c t l y   f rom  t he   n o z z l e   to   t h e   a n n u -  

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

I t   i s ,   t h e r e f o r e ,   an  o b j e c t   of  t h e   p r e s e n t   i n v e n t i o n   to   m i n i -  

mize   or  o b v i a t e   p r o b l e m s   of  t h e   a b o v e - d e s c r i b e d   s o r t .  

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

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

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

A  f u r t h e r   o b j e c t   is  to  p r o v i d e   s u c h   a  d r i l l   b i t   w h i c h   m i n i -  

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

e l e m e n t s .  

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

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

A  f u r t h e r   o b j e c t   is   to   p r o v i d e   s u c h   a  d r i l l   w i t h   a  dam  t h a t  

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

w i s e   w o u l d   be  b y p a s s e d .  



The  a b o v e   and  o t h e r   o b j e c t s   a r e   a t t a i n e d   by  g i v i n g   the   i n v e n -  

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

The  i n v e n t i o n   is  d e s c r i b e d   in  d e t a i l   in  t he   f o l l o w i n g   d e s c r i p -  

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

e m b o d i m e n t   is   shown  by  way  of  e x a m p l e .   I t   is  to   be  u n d e r s t o o d  

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

and  t h a t   v a r i o u s   m o d i f i c a t i o n s   t h e r e o f   may  be  made  w i t h i n   t h e  

s c o p e   of  t he   c l a i m s .  

In  t h e   d r a w i n g s ,   F i g .   1  is  a  s i d e   e l e v a t i o n a l   v i e w ,   p a r t i a l l y  

in  l o n g i t u d i n a l   s e c t i o n ,   of  a  d r i l l   b i t   and  d r i l l   s t r i n g  

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

F i g .   2  is  an  end  v i e w   of  t h e   d r i l l   b i t ,   d e p i c t i n g   t he   s e r i e s  

of  h o l e s   f o r   r e c e i v i n g   c u t t e r   e l e m e n t s   and  n o z z l e s ;   some  o f  

t h e   h o l e s   r e m a i n i n g   e m p t y   in  F i g .   2  and  t h e   r e m a i n i n g   h o l e s  

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

F i g .   3  is   a  s i d e   e l e v a t i o n a l   v i e w   of  a  c u t t e r   e l e m e n t   e m p l o y e d  

in  t h e   d r i l l   b i t .  

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

t a k e n   a l o n g   l i n e   4-4  of  F i g .   2,  w i t h   t h e   n o z z l e s   and  c u t t e r  

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

F i g .   5  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   d r i l l  b i t  t a k e n  

a l o n g   l i n e   5-5  of  F i g .   2,  w i t h   t h e   n o z z l e s   and  c u t t i n g   e l e -  

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

F i g .   6  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   t h e   l i n e   6-6  i n  

F i g .   2  to  d e p i c t   a  l a t e r a l   d i s c h a r g e   p a s s a g e   and  a  d a m - f o r m i n g  

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

D e p i c t e d   in  F i g s .   1  and  2  i s  a   r o t a r y   d r i l l   b i t   10  m o u n t e d  



at  t h e   end  of  a  d r i l l   s t e m   11.  A  p l u r a l i t y   of  s m a l l   b o r e s   12 

( F i g .   2)  a r e   f o r m e d   in  t he   d r i l l   b i t   body   10  w h i c h   a re   a d a p t e d  
to  r e c e i v e   c u t t e r   e l e m e n t s   14  ( F i g .   3 ) .   The  c u t t e r   e l e m e n t s   14 

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

m a n n e r .  

A  p l u r a l i t y   of  l a r g e r   b o r e s   16  a r e   p r o v i d e d   in  t h e   d r i l l   b i t  

f o r   t h e   r e c e p t i o n   of  n o z z l e s   18  f o r   d i s c h a r g i n g   j e t s   of  d r i l l -  

ing   f l u i d .   The  d r i l l i n g   f l u i d   is  c o n d u c t e d   to  t h e   n o z z l e s   18 

t h r o u g h   a  p a s s a g e   20  in  t h e   d r i l l   s t e m   11  and  d r i l l  b i t   10 

w h i c h   c o m m u n i c a t e s   w i t h   p a s s a g e s   22  in  t h e   d r i l l   b i t .   T h e  

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

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

top   of  t h e   b o r e h o l e .  

The  c u t t i n g   f a c e   24  of  t h e   d r i l l   b i t   c o m p r i s e s   an  o u t e r   p e r i -  

p h e r a l   edge   26  and  a  c e n t r a l   r e c e s s   28.   The  o u t e r   edge   26  

s l o p e s   l o n g i t u d i n a l l y   i n w a r d l y   ( u p w a r d l y )   and  r a d i a l l y   o u t -  

w a r d l y .   The  r e c e s s   28  is   d e f i n e d   by  s i d e   w a l l s   30  w h i c h   a r e  
i n c l i n e d   l o n g i t u d i n a l l y   and  r a d i a l l y   i n w a r d l y .   The  c u t t i n g  

e l e m e n t s   14  a re   p o s i t i o n e d   in  t he   p e r i p h e r a l   edge   26,  in  t h e  

s i d e   w a l l s   30,  and  in  a  f l o o r   32  of  t he   r e c e s s   28.  Most  o f  

the   n o z z l e s   18  a re   p o s i t i o n e d   in  t h e   f l o o r   3 2 .  

The  f l o o r   32  of  t he   r e c e s s   28  i s   of  c o n c a v e   c o n f i g u r a t i o n ,  
t he   f l o o r   p e r f e r a b l y   c o m p r i s i n g   a  c e n t r a l l y   l o c a t e d ,   g e n e -  
r a l l y   f r u s t o - c o n i c a l   p r o t u b e r a n c e   34.  I f   d e s i r e d ,   t h e   p r o -  
t u b e r a n c e   34  c o u l d   be  of  o t h e r   c o n v e x   s h a p e   s u c h   as  s e m i -  

s p h e r i c a l   f o r   e x a m p l e .   H o l e s   12A,  12B  f o r   c u t t i n g   e l e m e n t s  

14  ( F i g .   2)  a re   f o r m e d   in  t h e   p r o t u b e r a n c e   34,  and  t he   a f o r e -  

m e n t i o n e d   n o z z l e   18A  is  m o u n t e d   in  t h e   p r o t u b e r a n c e   3 4 .  

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

p a s s a g e s   36  w h i c h   c o m m u n i c a t e   w i t h   t h e   c e n t r a l   r e c e s s   2 8 .  

Those   p a s s a g e s   36  i n c l u d e   b a s e   s u r f a c e s   38  ( F i g .   4)  w h i c h  



c o n s t i t u t e   c o n t i n u a t i o n s   of  an  i n c l i n e d   wedge  f a c e   40  of  t h e  

p r o t u b e r a n c e   34.  The  p a s s a g e s   36,  p r e f e r a b l y   t h r e e   in  n u m b e r ,  

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

d r i l l   b i t ,   i  e  a t   120  d e g r e e   i n t e r v a l s .  

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

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

26  so  as  to  form  gaps   in  t h e   l a t t e r .  

I t  w i l l   be  a p p r e c i a t e d   t h a t   d u r i n g   a  c u t t i n g   o p e r a t i o n ,   t h e  

e a r t h   f o r m a t i o n   is  cu t   so  as  to   fo rm  a  c o n i c a l   e a r t h e n   c o r e  

w h i c h   p r o j e c t s   i n t o   t he   c e n t r a l   r e c e s s   28.  The  c o r e   is  f r a c t u r -  

ed  by  t h e   c o m b i n e d   a c t i o n   of  t he   c u t t i n g   e l e m e n t s   14  and  t h e  

c o n v e x   p r o t u b e r a n c e   34,  t he   f o r m e r   e n g a g i n g   t h e   s i d e s   of  t h e  

c o r e   and  t he   a p e x   41  of  t h e   l a t t e r   e n g a g i n g   t h e   t i p   of  t h e  

c o r e .   The  c o n v e x   s h a p e   of  t h e   s u r f a c e   40  of  t h e   p r o t u b e r a n c e  

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

t h u s   w i l l   t e n d   to   be  s e l f - b a l a n c i n g   in  t h e   r a d i a l   d i r e c t i o n .  

T h a t   i s ,   a  c o n c e n t r a t i o n   of  f o r c e s   at  one  p o i n t   on  the   f l o o r  

of  t h e   r e c e s s   is   a v o i d e d .   As  a  r e s u l t ,   t h e   d r i l l   b i t   w i l l   n o t  

be  c a u s e d   to  d e v i a t e   f rom  i t s   i n t e n d e d   p a t h   of  t r a v e l   by  u n -  

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

The  c u t t i n g s   a r e   d i s c h a r g e d   f rom  t h e   r e c e s s   t h r o u g h   t h e  

p a s s a g e s   36  by  t h e   a c t i o n   of  t h e   s u r f a c e   40  w h i c h   s e r v e s  

as  a  w e d g e ,   and  by  f l u s h i n g   f l u i d   f rom  t h e   n o z z l e s   18,  18A.  

D i s p o s e d   on  t he   c u t t i n g   f a c e   of  t h e   d r i l l   b i t   a l o n g   t he   t r a i l -  

ing   e d g e  4 8  o f   e a c h   l a t e r a l   d i s c h a r g e   p a s s a g e   36  is  a  r i d g e   50  

( F i g .   6 ) .   The  r i d g e   50  can  be  f o r m e d   of  a  h a r d   or  a  s o f t  

s u b s t a n c e ,   as  d e s i r e d .   For  e x a m p l e ,   t h e   r i d g e   50  can  b e  

f o r m e d   of  a  h a r d   m a t e r i a l   s u c h   as  t u n g s t e n   c a r b i d e   or  4 1 4 0  

s t e e l ,   or  f o r m e d   of  a  s o f t e r   s u b s t a n c e   s u c h   as  a  s o f t   s t e e l  

(e  g  1020  s t e e l ) .   The  r i d g e   50  p r o j e c t s   o u t w a r d l y   f rom  t h e  



c u t t i n g   f a c e   by  a  d i s t a n c e   s l i g h t l y   l e s s   t h a n   t h a t   of  t h e  

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

s i d e   w a l l   of  t he   r e c e s s   and  r a d i a l l y   a l o n g   the   p e r i p h e r a l  

edge   2 6 .  

The  r i d g e   50  p e r f o r m s   two  i m p o r t a n t   f u n c t i o n s .   F i r s t l y ,   t h e  

r i d g e   a c t s   to   d a m - u p   d r i l l i n g   f l u i d   e j e c t e d   f rom  t h e   a d j a c e n t  

t r a i l i n g   n ¤ z z l e  l 8 B   ( i   e,  t h e   n e a r e s t   n o z z l e   18B  s p a c e d  

c l o c k w i s e   f rom  t h e   r i d g e   50  in  F i g .   2 ) .   T h a t   i s ,   in  t h e   a b s e n c e  

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

n o z z l e   w o u l d   f l o w   i n t o   t he   a d j a c e n t   gap  in  t h e   p e r i p h e r a l  

edge   ( i   e,  t he   gap  f o r m e d   by  the   d i s c h a r g e   p a s s a g e )   and  t h e n  

u p w a r d l y   t h r o u g h   t h e   a n n u l u s .   H o w e v e r ,   upon  e n c o u n t e r i n g   t h e  

r i d g e   50,  t h e   f l u i d   t r a v e l   is   b l o c k e d ,   c a u s i n g   t h e   f l u i d   t o  

r e b o u n d   and  f l o w   to   t h e   a d j a c e n t   c u t t i n g   e l e m e n t s   l o c a t e d  

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

f rom  t h e   r i d g e   50  in  F i g .   2 .  

As  n o t e d   e a r l i e r ,   t h e   r i d g e s   50  p r o j e c t   f rom  t he   c u t t i n g  

f a c e   24  by  a  d i s t a n c e   l e s s   t h a n ,   e  g,  o n e - h a l f ,   t h a t   of  t h e  

c u t t e r   e l e m e n t s   14.  The  d i f f e r e n c e   in  s u c h   p r o j e c t i n g   d i s -  

t a n c e   is  a b o u t   e q u a l   to   t he   e x p e c t e d   p e n e t r a t i o n   d e p t h   o f  

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

t i a l l y   c o n t a c t   t h e   f o r m a t i o n ,   t h e r e b y   m i n i m i z i n g   t h e   t r a v e l  

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

A  s e c o n d   i m p o r t a n t   f u n c t i o n   of  t h e   r i d g e   50  is  to  a c t   as  a  

p low  to  p u s h   l a r g e r   c u t t i n g s   f rom  t he   a s s o c i a t e d   d i s c h a r g e  

p a s s a g e   so  t h a t   s u c h   c u t t i n g s   do  no t   c o n t a c t   and  damage   t h e  

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

s t a n c e s   t h e   r i d g e s   50  may  s e r v e   as  c u t t e r   b l a d e s   as  w e l l   a s  

p l o w s .  

In  o p e r a t i o n ,   t he   d r i l l   b i t   is  r o t a t e d   w h i l e   s i m u l t a n e o u s l y  

a d v a n c e d   i n t o   an  e a r t h   f o r m a t i o n .   As  t h e   c u t t i n g   o p e r a t i o n  



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

t he   r e c e s s   28.  The  s i d e s   of  t he   c o r e   a r e   g r a d u a l l y   f r a c t u r e d  

by  t he   c u t t e r   e l e m e n t s   14  d i s p o s e d   w i t h i n   t he   r e c e s s ,   and  t h e  

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

d i s p o s e d   in  the   f l o o r   of  t h e   r e c e s s ,   as  w e l l   as  by  the   c o n v e x  

p r o t u b e r a n c e   34.  E n g a g e m e n t   b e t w e e n   t he   c o r e   and  the   p r o t u -  

b e r a n c e   i s   such   as  to  e s t a b l i s h   g e n e r a l l y   r a d i a l l y   b a l a n c e d  

f o r c e s   on  t h e   d r i l l   b i t   w h e r e b y   t he   d r i l l   b i t   is  no t   d i v e r t e d  

f rom  i t s   i n t e n d e d   p a t h   of  t r a v e l .  

The  c o n v e x   p r o t u b e r a n c e   34  d e f l e c t s   t he   c u t t i n g s   l a t e r a l l y  

o u t w a r d l y   t h r o u g h   the   d i s c h a r g e   p a s s a g e s   36.  E j e c t i o n   of  l a r g e r  

c h u n k s   t h r o u g h   t he   d i s c h a r g e   p a s s a g e s   is   a i d e d   by  the   r i d g e s  

50  w h i c h   a c t   as  p l o w s   to   p u s h   t he   c h u n k s   a l o n g .  

The  r i d g e s   50  a l s o   s e r v e   to  b l o c k   t he   e s c a p e   of  d r i l l i n g  

f l u i d   f rom  the   n o z z l e s   18.  I n s t e a d ,   t h a t   f l u i d   r e b o u n d s  

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

h i n d   t he   r e s p e c t i v e   r i d g e s   i n  o r d e r   to  f l u s h   and  c o o l   t h o s e  

c u t t e r   e l e m e n t s .  

I t   w i l l   be  a p p r e c i a t e d   t h a t   the   p r e s e n t   i n v e n t i o n   m i n i m i z e s  

t he   l i k e l i h o o d   t h a t   u n b a l a n c e d   r a d i a l   f o r c e s   w i l l   be  e x e r t e d  

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

e a r t h e n   c o r e   and  t he   f l o o r   of  t he   r e c e s s .   C o n s e q u e n t l y ,   i t  

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

t r a v e l .  

The  p r e s e n c e   of  t h e   r i d g e s   50  a i d s   in  p u s h i n g   l a r g e r   c h u n k s  

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

t h e   l i k e l i h o o d   t h a t   s u c h   c h u n k s   c o u l d   c o n t a c t   and  damage   t h e  

c u t t e r   e l e m e n t s .  

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

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



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

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

and  u p w a r d l y   t h r o u g h   the   a n n u l u s ,   due  to  the   p r e s e n c e   of  t h e  

r i d g e s .  



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

c o m p r i s i n g   a  b i t   body  (10)   i n c l u d i n g   a  c u t t i n g   f a c e   ( 2 4 )  

h a v i n g   a  p e r i p h e r a l   edge   (26)   and  a  c e n t r a l   r e c e s s   ( 2 8 )  

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

edge   ( 2 6 ) ,   a  p l u r a l i t y   of  f l u i d   d i s c h a r g e   n o z z l e s   ( 1 8 )  

m o u n t e d   in  s a i d   c u t t i n g   f a c e   (24)   f o r   e m i t t i n g   d r i l l i n g  

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

( 1 4 ) ,   some  of  w h i c h   b e i n g   m o u n t e d   in  s a i d   p e r i p h e r a l   e d g e  

( 2 6 ) ,   and  o t h e r s   o f  w h i c h   b e i n g   m o u n t e d   in  s a i d   r e c e s s   ( 2 8 )  

to  f r a c t u r e   an  e a r t h e n   c o r e   f o r m e d   as  t he   d r i l l   c u t s   t h r o u g h  

t h e   f o r m a t i o n ,   c  h  a  r  a  c  t  e   r  i  z  e  d   in  t h a t   t h e   d r i l l  

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

p a s s a g e s   (36)   f o r m e d   in  s a i d   body   ( 1 0 ) ,   s a i d   p a s s a g e s   ( 3 6 )  

e x t e n d i n g   r a d i a l l y   t h r o u g h   s a i d   b o d y   (10)   f rom  s a i d   r e c e s s  

(28)   and  e x t e n d i n g   l o n g i t u d i n a l l y   to   s a i d   p e r i p h e r a l   e d g e  

(26)   to   form  c i r c u m f e r e n t i a l   i n t e r r u p t i o n s   in  s a i d   p e r i p h e r a l  

edge   ( 2 6 ) ,   and  a  c o n v e x   p r o t r u s i o n   (34)   d i s p o s e d   c e n t r a l l y  

at  a  l o n g t i t u d i n a l l y   i n n e r   end  of  s a i d   r e c e s s   (28)   and  i n -  

c l u d i n g   a  c o n v e x   d e f l e c t i n g   s u r f a c e   ( 4 0 ) ,   s a i d   p r o t r u s i o n  

(34)   a r r a n g e d   to  c o n t a c t   and  f r a c t u r e   t he   e a r t h e n   c o r e   a n d  

d e f l e c t   t he   c u t t i n g s   to  s a i d   l a t e r a l   d i s c h a r g e   p a s s a g e s   ( 3 6 ) .  

2.  A  d r i l l   b i t   a c c o r d i n g   to  c l a i m   1,  i n c l u d i n g   a  r i d g e   ( 5 0 )  

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

p a s s a g e s   ( 3 6 ) ,   e a c h   r i d g e   (50)   p r o j e c t i n g   f rom  s a i d   c u t t i n g  

f a c e   (24)   by  a  d i s t a n c e   l e s s   t h a n   t h a t   of  s a i d   c u t t e r   e l e -  

m e n t s   (14)   and  b e i n g   a r r a n g e d   to   r e t a r d   t he   f l o w   of  d r i l l i n g  

f l u i d   i n t o   t he   a s s o c i a t e d   d i s c h a r g e   p a s s a g e   (36)   f rom  an  a d -  

j a c e n t   one  of  s a i d   n o z z l e s   ( 1 8 ) ,   w h e r e b y   s u c h   f l u i d   is   c a u s e d  

to  f l o w   a c r o s s   c u t t e r   e l e m e n t s   (14)   l o c a t e d   b e h i n d   s a i d   r i d g e  

( 5 0 ) .  

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

(34)   is  of  f r u s t o - c o n i c a l   s h a p e .  



4.  A  d r i l l   b i t   a c c o r d i n g   to  any  of  t he   p r e c e d i n g   c l a i m s ,  

w h e r e i n   some  of  s a i d   n o z z l e s   (18)   a r e   m o u n t e d   in  a  s i d e   w a l l  

(30)   of  s a i d   r e c e s s   (28)   and  one  (18A)  of  s a i d   n o z z l e s   i s  

m o u n t e d   in  s a i d   p r o t r u s i o n   ( 3 4 ) .  

5.  A  d r i l l   b i t   a c c o r d i n g   to  any  of  t h e   p r e c e d i n g   c l a i m s ,  

w h e r e i n   at  l e a s t   one  of  s a i d   c u t t e r   e l e m e n t s   (14)   is   m o u n t e d  

in  s a i d   p r o t r u s i o n   ( 3 4 ) .  

6.  A  d r i l l   b i t   a c c o r d i n g   to  any  of  t h e   p r e c e d i n g   c l a i m s ,  

w h e r e i n   t h e r e   a r e   t h r e e   of  s a i d   d i s c h a r g e   p a s s a g e s   ( 3 6 ) ,  

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

of  s a i d   b i t .  

7.  A  d r i l l   b i t   a c c o r d i n g   to  any  of  c l a i m s   2  -   6,  w h e r e i n  

s a i d   r i d g e s   (50)   a r e   f o r m e d   of  a  h a r d   m a t e r i a l .  

8.  A  d r i l l   b i t   a c c o r d i n g   to  any  of  c l a i m s   2  -   6,  w h e r e i n  

s a i d   r i d g e s   (50)   a r e   f o r m e d   of  a  s o f t   m a t e r i a l .  

9.  A  d r i l l   b i t   a c c o r d i n g   to  any  of  c l a i m s   2  -   8,  w h e r e i n  

s a i d   c u t t e r   e l e m e n t s   (14)   p r o j e c t   f a r t h e r   f rom  s a i d   c u t t i n g  

f a c e   (24)   t h a n   s a i d   r i d g e s   (50)   by  a  d i s t a n c e   e q u a l   to  t h e  

e x p e c t e d   p e n e t r a t i o n   d e p t h   of  s a i d   c u t t e r   e l e m e n t s   ( 1 4 ) .  

10.  A  d r i l l   b i t   a c c o r d i n g   to  any  of  c l a i m s   2  -   8,  w h e r e i n  

s a i d   r i d g e s   (50)   p r o j e c t   f rom  s a i d   c u t t i n g   f a c e   by  a  d i s t a n c e  

e q u a l   to  a b o u t   o n e - h a l f   t he   d i s t a n c e   w h i c h   s a i d   c u t t e r   e l e m e n t s  

(14)   p r o j e c t   f rom  s a i d   c u t t i n g   f a c e   ( 2 4 ) .  
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