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<g)  An  Improved  kerflng  drag  bit. 

©  Cutting  a  rock  formation  with  a  polycrystalline  diamond 
rotating  bit  (10)  is  optimized  by  cutting  by  means  of  a  kerfing 
action.  The  polycrystalline  diamond  cutters  (1  8)  are  arranged 
and  configured  on  the  bit  face  to  form  a  plurality  of  triads.  Each 
triad  includes  two  kerf  cutting  teeth  (1  8a)  and  a  clearing  tooth 
(18b).  The  kerf  cutting  teeth  (1  8a)  each  cut  a  kerf  into  the  rock 
formation.  The  two  radially  spaced  kerf  cutting  teeth  (18a) 
thus  define  an  interlying  annular  space  of  rock.  A  clearing  tooth 
(  1  8b)  removes  the  interlying  space.  In  a  preferred  embodiment, 
the  radial  width  of  the  land  is  equal  to  or  less  than  the  effective 
cutting  width  of  the  clearing  tooth  (1  8b),  and  each  of  the  kerf 
cutting  teeth  (  1  8a)  and  the  clearing  tooth  (  1  8b)  are  azimuthally 
offset  one  from  the  other  on  the  bit  face  with  the  clearing  tooth 
(18b)  azimuthally  disposed  between  the  kerf  cutting  teeth 
(18a). 
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  Cutting  a  rock  formation  with  a  polycrystalline  diamond 
rotating  bit  (10) is  optimized  by  cutting  by  means  of  a  kerfing 
action.  The  polycrystalline  diamond  cutters  (18)  are  arranged 
and  configured  on  the  bit  face  to  form  a  plurality  of triads.  Each 
triad  includes  two  kerf  cutting  teeth  (18a)  and  a  clearing  tooth 
(18b).  The  kerf  cutting  teeth  (18a)  each  cut  a  kerf into  the  rock 
formation.  The  two  radially  spaced  kerf  cutting  teeth  (18a) 
thus  define  an  interlying  annular space  of rock.  A  clearing  tooth 
(18b) removes the interlying  space. In  a  preferred  embodiment, 
the  radial  width  of  the  land  is  equal to  or less  than  the  effective 
cutting  width  of  the  clearing  tooth  (18b),  and  each  of  the  kerf 
cutting  teeth  (18a)  and  the  clearing  tooth  (18b)  are  azimuthally 
offset  one  from  the  other  on  the  bit  face  with  the  clearing  tooth 
(18b)  azimuthally  disposed  between  the  kerf  cutting  teeth 
(18a). 



B a c k g r o u n d   of  the   I n v e n t i o n  

F i e l d   of  the   I n v e n t i o n  

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  t he   f i e l d   o f  

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

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

c u t t i n g   e l e m e n t s .  

D e s c r i p t i o n   of  the   P r i o r   A r t  

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

c u t t i n g   a c t i o n   of  a  r o t a t i n g   d r a g   b i t   and  a  r o l l e r   cone  b i t  

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

w h e r e a s   t he   r o l l e r   cone  b i t   c u t s   by  c r u s h i n g .   T h e  

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

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

d i a m o n d   e l e m e n t s   wh ich   can  be  used   as  the   c u t t i n g   e l e m e n t s .  

The  A s s i g n e e   of  the   p r e s e n t   i n v e n t i o n   has  p i o n e e r e d   in  t h e  

d e s i g n   of  s y n t h e t i c   d i a m o n d   r o t a t i n g   b i t s   and  the   means  b y  

wh ich   such  d i a m o n d   t e e t h   a re   a t t a c h e d   t o ,   r e t a i n e d   on  a n d  

e x p o s e d   above   t he   f a c e   of  the   b i t   to  p r o v i d e   u s e f u l   c u t t i n g  

a c t i o n .  

T y p i c a l l y ,   d i a m o n d   t e e t h   on  a  r o t a t i n g   b i t   w i l l  

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

b o t t o m   of  a  h o l e .   A c c o r d i n g   to  d e s i g n s   known  in  the   a r t   t h e  

t e e t h   a re   c o l l e c t i v e l y   a r r a n g e d   on  a  b i t   f a c e   in  a n  

o v e r l a p p i n g   a r r a n g e m e n t .   For  e x a m p l e ,   one  row  of  d i a m o n d  



t e e t h   w i l l   t y p i c a l l y   have  an  o f f s e t   row  of  d i amond   t e e t h  

d i s p o s e d   b e h i n d   i t .   In  some  d e s i g n s   the   o f f s e t   row  i s  

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

l e a v e s   t he   t e e t h   in  the   h a l f   s p a c e s   b e t w e e n   the   t e e t h   of  t h e  

p r e c e d i n g   row,  a l b e i t   as  a z i m u t h a l l y   d i s p l a c e d   b e h i n d   t h e  

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

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

i n c r e m e n t s   such  as  t h r e e   rows  c o l l e c t i v e l y   c o m p r i s i n g   a  

c u t t i n g   u n i t   w i t h   each   row  r a d i a l l y   o f f s e t   from  t h e  

a z i m u t h a l l y   p r e c e d i n g   row  by  one  t h i r d   of  the   i n t e r t o o t h  

s p a c i n g .  

The  r e s u l t   is  t h a t   a  p l u r a l i t y   of  g r o o v e s   a r e   c u t  

by  the   f i r s t   row  i n t o   the   f a c e   of  the   rock   f o r m a t i o n   at   t h e  

b o t t o m   of  the   b o r e h o l e .   The  n e x t   row  of  t e e t h   is  r o t a t e d  

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

a d j a c e n t   a n n u l a r   o n e - t h i r d   or  h a l f   s p a c e   a d j a c e n t   to  t h e  

g r o o v e   cu t   by  the   f i r s t   row.  Th i s   c u t t i n g   s e q u e n c e  

c o n t i n u e s   u n t i l   t he   e n t i r e   i n t e r - t o o t h   s p a c i n g   is  cu t   f r o m  

the   r ock   f o r m a t i o n .   Thus ,   the   c o r r e s p o n d i n g   t e e t h   in  t h e  

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

rock   f a c e .   The  a n n u l a r   r i n g s   of  a d j a c e n t   s e t s   of  t e e t h   a r e  

a l s o   a d j a c e n t ,   t h e r e b y   r e s u l t i n g   in  the   r e m o v a l   of  an  e n t i r e  

l a y e r   from  the   f a c e   of  the   b o r e h o l e .   The  p r o g r e s s i o n   o f  

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

a d j a c e n t ,   c o n s e c u t i v e ,   r a d i a l   i n c r e m e n t s ,   or  may  be  d e s i g n e d  

to  cut   i n w a r d l y   by  s u c c e s s i v e   r a d i a l   i n c r e m e n t s  .  



A l t h o u g h   the   p r e d o m i n a n t   form  of  c u r r e n t   c u t t i n g  

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

a l s o   known,  a l t h o u g h   l i t t l e   u s e d .   One  e x a m p l e   can  be  f o u n d  

in  a  s o f t   rock   c u t t e r   in  K a n d l e ,   " D r i l l   C u t t i n g   Head"  U . S .  

P a t e n t   2 , 9 6 0 , 3 1 2 .   In  K a n d l e   two  c o n c e n t r i c   a n n u l a r   w h e e l s ,  

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

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

k e r f s   b e i n g   c u t ,   c r u m b l e d   or  c r u s h e d   by  one  of  t w o  

i n t e r l y i n g   c l e a r i n g   c u t t e r s .   A l t h o u g h   the   c l e a r i n g   c u t t e r s  

a r e   added   to  the   d e s i g n   a l m o s t   as  an  a f t e r t h o u g h t ,   K a n d l e   i s  

an  e x a m p l e   of  an  i n s t a n c e   where   two  s p a c e d - a p a r t   k e r f s   a r e  

cu t   i n t o   the   r ock   f o r m a t i o n   and  the   i n t e r l y i n g   rock   r e m o v e d  

by  an  i n t e r k e r f   c u t t e r .  

The  r e m o v a l   of  r i d g e s   which   a re   c r e a t e d   b e t w e e n  

a d j a c e n t   k e r f s ,   or  a re   c r e a t e d   by  k e r f   c u t t i n g ,   has  a l s o  

been   a p p l i e d   to  some  e x t e n t   in  r o c k   b i t   or  r o l l e r   cone  b i t s .  

In  B a k e r ,   " H y b r i d   Rock  B i t "   U.  S.  P a t e n t   4 , 3 4 3 , 3 7 1   S t r a t a p a x  

c u t t e r s   a r e   d i s p o s e d   on  two  o p p o s i n g   e x t e n s i o n s   of  the   b i t  

body  b e t w e e n   two  o p p o s i n g   r o l l e r   c o n e s .   The  k e r f s   cut   by  

the   p l u r a l i t y   of  t e e t h   on  the   r o l l e r   cones   l e a v e   r a i s e d  

l a n d s   which   a re   t h e n   r e m o v e d   by  S t r a t a p a x   c u t t e r s   a c t i n g   i n  

p a r t   as  a  d r a g   b i t .  

Kerf   c u t t i n g   has  a l s o   been  used   to  an  e x t e n t  

w i t h i n   the   r o l l e r   c o n e s   i t s e l f   as  is  e x e m p l i f i e d   by  

Y o u n g b l o o d ,   " R o l l e r   C u t t e r   w i t h   Major   and  Minor   I n s e r t  

Rows" ,   U.S.   P a t e n t   4 , 2 0 2 , 4 1 9 .  



H o w e v e r ,   none  of  the   p r i o r   a r t   d e s i g n s   e f f i c i e n t l y  

m a x i m i z e   or  e x p l o i t   k e r f   c u t t i n g   to  any  e x t e n t .   In  f a c t ,  

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

even  n e c e s s a r i l y   d e s i r a b l e   or  a d v a n t a g e o u s   in  any  s e n s e  o v e r  

o t h e r   t y p e s   of  c u t t i n g   a c t i o n ,   even  when  k e r f   c u t t i n g   i s  

used   s o l e l y   in  r o t a t i n g   d r a g   b i t s .  

T h e r e f o r e ,   what   is  n e e d e d   is  a  d e s i g n   f o r   a  

r o t a t i n g   d r a g   b i t   wh ich   m a x i m i z e s   the   c u t t i n g   a c t i o n   of  t h e  

r o t a t i n g   b i t ,   p a r t i c u l a r l y   when  the   c u t t i n g   e l e m e n t s   a r e  

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

B r i e f   Summary  of  t he   I n v e n t i o n  

The  p r e s e n t   i n v e n t i o n   is  an  i m p r o v e m e n t   in  a  

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

p o l y c r y s t a l l i n e   d i a m o n d   t e e t h   d i s p o s e d   on  the   b i t   f a c e .   T h e  

i m p r o v e m e n t   c o m p r i s e s   at   l e a s t   a  f i r s t   and  s e c o n d  

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

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

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

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

b e t w e e n   the   k e r f s   which   is  cu t   by  the   f i r s t   and  s e c o n d  

t e e t h .   The  t h i r d   t o o t h   is  a z i m u t h a l l y   d i s p l a c e d   w i t h  

r e s p e c t   to  a t   l e a s t   one  of  t he   f i r s t   and  s e c o n d   t e e t h .   By 

r e a s o n   of  t h i s   c o m b i n a t i o n   of  e l e m e n t s ,   c u t t i n g   by  k e r f i n g  

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

is  o p t i m i z e d   on  the   b i t .  



More  s p e c i f i c a l l y ,   the   i m p r o v e m e n t   is  i l l u s t r a t e d  

in  f o u r   e m b o d i m e n t s .   In  the   f i r s t   e m b o d i m e n t   the   f i r s t   a n d  

s e c o n d   t e e t h   a re   d i s p o s e d   on  the   b i t   f a c e   at  s u b s t a n t i a l l y  

the   same  a z i m u t h a l   p o s i t i o n .   The  f i r s t   and  s e c o n d   t e e t h   a r e  

r a d i a l l y   s p a c e d   a p a r t   and  the   t h i r d   t o o t h   is  a z i m u t h a l l y  

d i s p o s e d   b e h i n d   or  f o l l o w s   t he   f i r s t   and  s e c o n d   b i t   t e e t h   a s  

d e f i n e d   by  the   d i r e c t i o n   of  r o t a t i o n   of  the   r o t a t i n g   b i t .  

In  the   s e c o n d   e m b o d i m e n t   the   f i r s t   and  s e c o n d  

t e e t h   a r e   bo th   r a d i a l l y   and  a z i m u t h a l l y   o f f s e t   from  e a c h  

o t h e r .   The  t h i r d   t o o t h   is  r a d i a l l y   d i s p o s e d   b e t w e e n   t h e  

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

f o l l o w s   b o t h   the   f i r s t   and  s e c o n d   t e e t h .  

In  the   t h i r d   e m b o d i m e n t   the   f i r s t   and  s e c o n d  

t e e t h   a re   a z i m u t h a l l y   and  r a d i a l l y   d i s p o s e d   from  each   o t h e r  

on  the   b i t   f a c e   of  the   b i t .   The  t h i r d   t o o t h   is  a z i m u t h a l l y  

d i s p o s e d   b e h i n d   the   f i r s t   t o o t h   and  in  f r o n t   of  or  l e a d s   t h e  

s e c o n d   t o o t h .  

In  t he   f o u r t h   e m b o d i m e n t   t he   t h i r d   t o o t h   i s  

a z i m u t h a l l y   d i s p o s e d   in  f r o n t   of  or  l e a d s   b o t h   the   f i r s t  

and  s e c o n d   t e e t h .  

In  each   of  t he   e m b o d i m e n t s   t he   r a d i a l   s p a c i n g  

b e t w e e n   the   f i r s t   and  s e c o n d   t e e t h   of  e ach   t r i a d   d e c r e a s e s  

as  t he   d i s t a n c e   of  the   t r i a d   from  the   c e n t e r   of  r o t a t i o n   o f  

the   b i t   i n c r e a s e s .  

The  i n v e n t i o n   f u r t h e r   i n c l u d e s   a  me thod   of  c u t t i n g  

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

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



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

c o n c e n t r i c   k e r f s   i n t o   a  r ock   f o r m a t i o n   by  two  k e r f   c u t t i n g  

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

w i th   a  t h i r d   c l e a r i n g   t o o t h .   Each  of  the   two  k e r f   c u t t i n g  

t e e t h   have  a  c o r r e s p o n d i n g   t h i r d   c l e a r i n g   t o o t h .   I n  

p a r t i c u l a r   the   s t e p   of  c u t t i n g   f u r t h e r   c o m p r i s e s   t he   s t e p s  

of  c u t t i n g   a  f i r s t   k e r f ,   c l e a r i n g   the   rock   d i s p o s e d   b e t w e e n  

the   f i r s t   k e r f   and  a  s e c o n d   k e r f   to  be  cut   by  an  a z i m u t h a l l y  

f o l l o w i n g   t h i r d   c l e a r i n g   t o o t h ,   and  t hen   s u b s e q u e n t l y  

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

These   and  o t h e r   e m b o d i m e n t s   of  the   i n v e n t i o n   a r e  

b e t t e r   u n d e r s t o o d   by  now  t u r n i n g   to  c o n s i d e r   the   f o l l o w i n g  

F i g u r e s   w h e r e i n   l i k e   e l e m e n t s   a re   r e f e r e n c e d   by  l i k e  

n u m e r a l s .  

D e s c r i p t i o n   of  the   D r a w i n g s  

F i g u r e   1  is  a  p l a n   v iew  of  a  m i n i n g   b i t   h a v i n g   t h e  

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

a c c o r d i n g   to  t he   i n v e n t i o n .  

F i g u r e   2  is  a  d i a g r a m m a t i c   c r o s s   s e c t i o n a l  

d e p i c t i o n   of  t he   p a t t e r n   of  c o v e r a g e   of  one  c o l l e c t i v e   g r o u p  

of  c u t t e r s   of  the   b i t   of  F i g u r e   1  as  s een   in  a  r a d i a l   l i n e  

as  the   b i t   r o t a t e s .  

F i g u r e   3a  is  a  c r o s s   s e c t i o n a l   v iew  of  a  mold  u s e d  

to  d i s p o s e   the   c u t t e r s   of  F i g u r e   2  i n t o   a  m a t r i x  

i n f i l t r a t i o n   b i t .  



F i g u r e   3b  is  a  c r o s s - s e c t i o n a l   v iew  of  a  mold  f o r  

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

F i g u r e   2 .  

F i g u r e   4  is  a  d i a g r a m m a t i c   p l a n   view  of  a  f i r s t  

e m b o d i m e n t   of  the   k e r f   c u t t i n g   t e e t h .  

F i g u r e   5  is  a  d i a g r a m m a t i c   p l a n   v iew  of  a  s e c o n d  

e m b o d i m e n t   of  the   k e r f   c u t t i n g   t e e t h .  

F i g u r e   6  is  a  d i a g r a m m a t i c   p l a n   view  of  a  t h i r d  

e m b o d i m e n t   of  the   k e r f   c u t t i n g   t e e t h .  

F i g u r e   7  is  a  d i a g r a m m a t i c   p l a n   view  of  a  f o u r t h  

e m b d i m e n t   of  t he   k e r f   c u t t i n g   t e e t h .  

F i g u r e   8  is  a  d i a g r a m m a t i c   p l a n   view  of  a  

p e t r o l e u m   b i t   u t i l i z i n g   the   s e l e c t i v e   d i s p o s i t i o n   of  k e r f  

c u t t i n g   t e e t h   of  the   i n v e n t i o n .  

F i g u r e   9  is  a  d i a g r a m m a t i c   c r o s s   s e c t i o n a l   v i e w  

t a k e n   t h r o u g h   l i n e   9-9  of  F i g u r e   8  s h o w i n g   a  p r o f i l e   of  t h e  

p e t r o l e u m   b i t .  

F i g u r e   10  is  a  d i a g r a m m a t i c   p l o t   d i a g r a m   of  t h e  

t e e t h   as  d i s p o s e d   on  the   p e t r o l e u m   b i t   of  F i g u r e s   8  and  9 .  

The  i n v e n t i o n   and  i t s   v a r i o u s   e m b o d i m e n t s   a re   now 

b e s t   u n d e r s t o o d   by  c o n s i d e r i n g   the   d e t a i l e d   d e s c r i p t i o n   a s  

i l l u s t r a t e d   by  the   F i g u r e s   d e s c r i b e d   a b o v e .  

D e t a i l e d   D e s c r i p t i o n   of  the   P r e f e r r e d   E m b o d i m e n t s  

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

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



is  o p t i m i z e d .   In  the   p r e f e r r e d   e m b o d i m e n t   the   c u t t i n g   t e e t h  

of  the   b i t   a r e   a s s o c i a t e d   in  t r i a d s .   The  f i r s t   two  t e e t h   o f  

the   t r i a d s   a re   p a r t i c u l a r l y   a d a p t e d   and  a r r a n g e d   to  c u t  

p a r a l l e l   k e r f s .   The  t h i r d   t o o t h   of  the   t r i a d   i s  

p a r t i c u l a r l y   a d a p t e d   and  a r r a n g e d   to  cu t   i n t o   t he   i n t e r l y i n g  

s p a c e   in  the   r o c k   f o r m a t i o n   b e t w e e n   the   f i r s t   two  t e e t h   o r  

to  remove  the   i n t e r l y i n g   l a n d   b e t w e e n   the   k e r f s   cu t   by  t h e  

p r e c e d i n g   f i r s t   two  t e e t h   of  t he   t r i a d .   The  l a s t   t o o t h   i s  

a r r a n g e d   and  c o n f i g u r e d   to  a c t   as  a  hammer  or  c h i s e l   and  t o  

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

c o r r e s p o n d i n g   f i r s t   two  t e e t h   of  t he   t r i a d .   I t   has  b e e n  

d e t e r m i n e d   a c c o r d i n g   to  the   i n v e n t i o n   t h a t   the   a z i m u t h a l   a n d  

r a d i a l   d i s p o s i t i o n   of  each   of  the   t e e t h ,   which   c o l l e c t i v e l y  

fo rms   a  t r i a d   of  c u t t e r s ,   is  of  m a t e r i a l   i m p o r t a n c e   t o  

m a x i m i z e   c u t t i n g   e f f i c i e n c i e s   t h r o u g h   k e r f i n g   a c t i o n .   T h e  

i n v e n t i o n ,   i t s   o p e r a t i o n   and  v a r i o u s   e m b o d i m e n t s   may  b e t t e r  

be  u n d e r s t o o d   by  now  t u r n i n g   to  the   p l a n   v iew  of  a  m i n i n g  

b i t   shown  in  F i g u r e   1 .  

In  F i g u r e   1  a  c o r i n g   m i n i n g   b i t ,   g e n e r a l l y   d e n o t e d  

by  r e f e r e n c e   n u m e r a l   10,  is  c h a r a c t e r i z e d   by  an  o u t e r   g a g e  

12  and  i n n e r   gage   14.  B i t   10  is  d i v i d e d   i n t o   s i x   60  d e g r e e  

s e g m e n t s   as  d e l i n e a t e d   by  r a d i a l   w a t e r w a y s   16.  At  l e a s t   o n e  

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

18  a re   d i s p o s e d   n e a r   or  on  the   edge  of  each   w a t e r w a y   1 6 .  

T e e t h   18  may  in  f a c t   be  any  c u t t i n g   e l e m e n t s   now  known  o r  

l a t e r   d e v i s e d   in  t he   a r t   a l t h o u g h   t hey   a re   d e s c r i b e d   h e r e   a s  

s y n t h e t i c   p o l y c r y s t a l l i n e   d i a m o n d   t e e t h   such  as  i n c o r p o r a t e d  



in  the   v a r i o u s   d e s i g n s   of  b i t s   s o l d   u n d e r   the   t r a d e m a r k  

B a l l a S e t   m a r k e t e d   by  N o r t o n   C h r i s t e n s e n ,   I n c .   of  S a l t   L a k e  

C i t y ,   U t a h .  

T e e t h   18  a re   c o l l e c t i v e l y   a r r a n g e d   to  form  g r o u p s  

of  t r i a d s .   For  e x a m p l e ,   t e e t h   18a  form  a  l e a d i n g   p a i r   of  a  

f i r s t   c o l l e c t i v e   t r i a d   of  t e e t h   of  which   t o o t h   18b  is  t h e  

t h i r d   t o o t h .   As  d e p i c t e d   in  the   p l a n   v iew  of  F i g u r e   1 ,  

t o o t h   18b  is  r a d i a l l y   d i s p o s e d   in  t he   h a l f   s p a c e   b e t w e e n  

t e e t h   18a  and  a z i m u t h a l l y   d i s p l a c e d   b e h i n d   t o o t h   18a  by  a  

p r e d e t e r m i n e d   a n g l e ,   in  t h i s   c a s e   a p p r o x i m a t e l y   60  d e g r e e s .  

T e e t h   20a  s e r v e s   s u b s t a n t i a l l y   t he   same  p u r p o s e   w i t h   r e s p e c t  

to  t o o t h   20b.   Thus ,   t e e t h   20a  and  20b  c o l l e c t i v e l y   f o r m i n g  

a  k e r f i n g   t r i a d .   A d d i t i o n a l   t e e t h ,   such   as  gage  d e f i n i n g  

t e e t h   24  may  a l s o   be  p r o v i d e d   on  b i t   10  to  p r o v i d e   c u t t i n g  

a s s i s t a n c e   in  a  c o n v e n t i o n a l   f a s h i o n .  

Turn  now  to  F i g u r e   2,  wh ich   shows  the   p a t t e r n  

of  c o v e r a g e   of  a  s i n g l e   t r i a d   of  t e e t h   in  a  c r o s s - s e c t i o n a l  

v iew  in  e n l a r g e d   s c a l e   as  would   be  s e e n   in  a  f i x e d  

l o n g i t u d i n a l   p l a n e   as  the   b i t   r o t a t e s .   The  t r i a d ,   c o m p r i s e d  

of  t e e t h   18a  and  b,  a re   d e p i c t e d   by  way  of  e x a m p l e   in  F i g u r e  

2.  F i r s t   t e e t h   18a  w i l l   t r a v e r s e   any  g i v e n   p l a n e   c u t t i n g  

two  p a r a l l e l   c i r c u l a r   k e r f s .   T h e r e a f t e r   the   n e x t   t o o t h  

e n c o u n t e r i n g   the   f i x e d   l o n g i t u d i n a l   p l a n e   w i l l   be  t o o t h   1 8 b  

wh ich   is  d i s p o s e d   a p p r o x i m a t e l y   in  the   h a l f   s p a c e   b e t w e e n  

t e e t h   18a.   In  the   e m b o d i m e n t   of  F i g u r e s   1 -3 ,   each   of  t h e  

t e e t h   a r e   shown  as  t r i a n g u l a r   in  c r o s s   s e c t i o n ,   such  a s  

would   be  t he   c a s e   when  t r i a n g u l a r   p o l y c r y s t a l l i n e   s y n t h e t i c  



d iamond   t e e t h   a re   u s e d ,   such  as  m a n u f a c t u r e d   by  G e n e r a l  

E l e c t r i c   Co.  u n d e r   the   t r a d e m a r k   "GEOSET".  However ,   as  w i l l  

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

b e l o w ,   the   i n v e n t i o n   is  not   r e s t r i c t e d   or  l i m i t e d   to  the   u s e  

of  any  p a r t i c u l a r   p r o f i l e   of  t o o t h   or  c u t t i n g   e l e m e n t .  

F i g u r e   3a,  is  a  c r o s s - s e c t i o n a l   view  of  a  m o l d  

c o r r e s p o n d i n g   to  l i n e   3 a - 3 a   of  F i g u r e   1  in  which   the   p a i r   o f  

t e e t h   of  t he   t r i a d ,   such  as  t e e t h   18a  would  be  d i s p o s e d .  

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

c o r r e s p o n d i n g   t r i a n g u l a r   i n d e n t a t i o n   26a  or  b  m a c h i n e d   i n t o  

g r a p h i t e   mold  28.  Mold  28  is  t h e n   b a c k f i l l e d   w i t h   a  

c o n v e n t i o n a l   t u n g s t e n   c a r b i d e   powder   m a t r i x   and  the   e n t i r e  

c o m p o s i t e   is  i n f i l t r a t e d   by  a  c o n v e n t i o n a l   p r o c e s s   to  f o r m  

an  i n f i l t r a t e d   m a t r i x   b i t .   In  the   i l l u s t r a t e d   e m b o d i m e n t ,  

each   t o o t h   18a  is  i n c l i n e d   at   a  s e l e c t e d   a n g l e   w i t h i n   m o l d  

28.  For  e x a m p l e ,   i n d e n t a t i o n   26a  fo r   one  of  t e e t h   18a  i s  

i n c l i n e d   a t   an  a n g l e   of  11  d e g r e e s   w i t h   r e s p e c t   t o  

c e n t e r l i n e   3 0 .  

F i g u r e   3b  i l l u s t r a t e s   a  s e c o n d   s e c t i o n   t a k e n   from  m o l d  

28  c o r r e s p o n d i n g   to  the   p o s i t i o n   of  t o o t h   18b  and  t e e t h   2 4 ,  

c o r r e s p o n d i n g   to  l i n e   3 b - 3 b   of  F i g u r e   1.  T e e t h ,   such  a s  

t e e t h   18b,  20b  and  22b  of  F i g u r e   1,  w i l l   be  d i s p o s e d   w i t h i n  

i n d e n t a t i o n   36  and  gage  t e e t h   24  a re   d i s p o s e d   w i t h i n  

i n d e n t a t i o n s   38.  Too th   18b  is  g e n e r a l l y   p e r p e n d i c u l a r l y  

d i s p o s e d   w i t h   r e s p e c t   to  the   b i t   f a c e   40  and  t e e t h   24  e x t e n d  

o u t w a r d l y   at   an  a n g l e   of  27  d e g r e e s   w i t h   r e s p e c t   to  t h e  

v e r t i c a l .   Only  a  s m a l l   p o r t i o n   of  t e e t h   24  is  e x p o s e d   ( 0 . 0 7 0  



i n c h )   as  c o m p a r e d   to  the   e x p o s u r e   of  t e e t h   18a  and  1 8 b  

( 0 . 1 8 0   i n c h ) .   The  t e e t h ,   d i s p o s e d   in  mold  28  and  a s  

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

3a  and  3b,  c o l l e c t i v e l y   c o m b i n e   to  cut   an  a z i m u t h a l   swath   o r  

form  a  p a t t e r n   of  c o v e r a g e   as  d i a g r a m m a t i c a l l y   d e p i c t e d   by  

F i g u r e   2 .  

Turn  now  to  F i g u r e   4  where   a n o t h e r   e m b o d i m e n t   o f  

a  m i n i n g   b i t ,   g e n e r a l l y   d e n o t e d   by  r e f e r e n c e   n u m e r a l   42,  a n d  

which   is  a  v a r i a t i o n   of  the   t o o t h   p a t t e r n   as  d e p i c t e d   i n  

F i g u r e s   1 -3 ,   is  shown  in  p l a n   v i e w .   Face   44  of  b i t   42  i s  

d i v i d e d   i n t o   t h r e e   120  d e g r e e   s e c t o r s   as  d e f i n e d   by  r a d i a l  

w a t e r w a y s   46.  A  t r i a d   of  t e e t h   48a  and  48b  a re   d i s p o s e d  

w i t h i n   each   s e c t o r ,   b e g i n n i n g   at   an  a z i m u t h a l   d i s p l a c e m e n t  

of  a p p r o x i m a t e l y   45  d e g r e e s   b e h i n d   the   p r e c e d i n g   w a t e r w a y  

46.  The  t r i a d   is  c o m p r i s e d   up  a  p a i r   of  t e e t h   48a  and  a  

f o l l o w i n g   s i n g l e   t o o t h   48b.  T e e t h   48a  i n c l u d e   a  g e n e r a l l y  

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

e l e m e n t s   such  as  m a n u f a c t u r e d   by  G e n e r a l   E l e c t r i c   u n d e r   t h e  

t r a d e m a r k   "GEOSET"  in  a  t o o t h   s t r u c t u r e   such  as  t h o s e   f o u n d  

in  the   B a l l a S e t   b i t s   m a n u f a c t u r e d   by  N o r t o n   C h r i s t e n s e n   o f  

S a l t   Lake  C i t y ,   U t a h .   H o w e v e r ,   i t   is  e n t i r e l y   w i t h i n   t h e  

s c o p e   of  the   i n v e n t i o n   t h a t   o t h e r   t o o t h   s t r u c t u r e s   now  known  

or  l a t e r   d e v i s e d   c o u l d   be  s u b s t i t u t e d   w i t h   e q u a l   f a c i l i t y .  

In  any  c a s e ,   p a i r   of  t e e t h   48a  a r e   d i s p o s e d   on  b i t   f a c e   44 

on  the   same  a z i m u t h a l   p o s i t i o n ,   bu t   a r e   r a d i a l l y   d i s p l a c e d  

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

48a  a re   t a n g e n t i a l l y   s e t ,   name ly   h a v i n g   an  a p i c a l   r i d g e  



g e n e r a l l y   p a r a l l e l   to  t he   t a n g e n t   of  the   r a d i u s   a t   t he   s i t u s  

of  t he   t o o t h   p l a c e m e n t .   T e e t h   48a  t h u s   cut   two  p a r a l l e l  

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

B e h i n d   t e e t h   48a  is  a  t h i r d   t o o t h   48b  w h i c h   i s  

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

p o l y c r y s t a l l i n e   d i a m o n d   such   as  is  s o l d   by  the  P e o p l e ' s  

R e p u b l i c   of  C h i n a .   The  r a d i a l   d i s t a n c e   b e t w e e n   t e e t h   48a  i s  

e q u a l   to  or  l e s s   t h a n   the   d i a m e t e r   of  c y l i n d r i c a l   t o o t h   4 8 b .  

Too th   48b  is  a z i m u t h a l l y   d i s p l a c e d   b e h i n d   p a i r   of  t e e t h   4 8 a  

and  in  the   i n t e r l y i n g   r a d i a l   gap  b e t w e e n   t e e t h   48a .   T h u s ,  

a f t e r   the   p a i r   of  k e r f s   a r e   cu t   by  t e e t h   48a,   t o o t h   4 8 b  

f o l l o w s   to  hammer,   c h i s e l   or  o t h e r w i s e   remove   the   i n t e r -  

l y i n g   l and   in  the   r o c k   f o r m a t i o n   l e f t   b e t w e e n   the   two  k e r f s .  

Each  s e c t o r   of  b i t   42  may  a l s o   i n c l u d e   a  p l u r a l i t y  

of  gage  p r o t e c t i n g   c u t t e r s   50  wh ich   g e n e r a l l y   m a i n t a i n   o r  

p r o t e c t   the   g a g e ,   but   do  no t   c o a c t   w i t h   the   t r i a d   of  c u t t e r s  

48a  and  48b  to  cu t   by  k e r f i n g .   Each  of  the   t r i a d   of  c u t t e r s  

in  each   of  the   s e c t o r s   a re   r a d i a l l y   d i s p o s e d   on  b i t   f a c e   44 

to  p r o v i d e   a  c o m p l e t e   c o v e r a g e   a c r o s s   t he   r a d i a l   sweep  o f  

the   b i t   f a c e   as  s een   by  any  g i v e n   l o n g i t u d i n a l l y   f i x e d   p l a n e  

in  the   r ock   f o r m a t i o n .   For  e x a m p l e ,   the   t r i a d   of  t e e t h   52 

sweep  t h r o u g h   a  p o r t i o n   of  b i t   f a c e   44  n e a r e s t   o u t e r   g a g e  

54,  w h i l e   a  t r i a d   of  t e e t h   56  sweep  t h r o u g h   a  m i d d l e  

p o r t i o n ,   and  t r i a d   of  t e e t h   48a  and  48b  sweep  t h a t   p o r t i o n  

n e a r e s t   i n n e r   gage  58.  Each  of  t h e s e   p o r t i o n s   a r e  

o v e r l a p p i n g ,   a l t h o u g h   no  k e r f   l i n e   of  a n y  o n e   t o o t h   l i e s  

i d e n t i c a l l y   on  the   same  l i n e   of  any  o t h e r   t o o t h   of  the   b i t .  



For  e x a m p l e ,   in  the   i l l u s t r a t e d   e m b o d i m e n t   of  F i g u r e   4 ,  

o u t e r m o s t   t r i a d   52  s c r i b e s   i t s   o u t e r m o s t   k e r f   a t  

a p p r o x i m a t e l y   0 .12   i n c h   ( 3 . 0 5   m i l l i m e t e r s )   from  o u t e r   g a g e  

54  w h i l e   the   c e n t e r   of  the   o u t e r m o s t   k e r f   l i n e   of  t r i a d   56 

is  s c r i b e d   at  0 .15   i n c h   (3 .81   m i l l i m e t e r s )   from  o u t e r   g a g e  

54.  The  c e n t e r   of  t he   o u t e r m o s t   k e r f   of  t r i a d   48a  and  48b  i s  

s c r i b e d   at  0 .19   i nch   ( 4 . 8 3   m i l l i m e t e r s )   from  o u t e r   gage  5 4 .  

The  e x p o s u r e   above   b i t   f a c e   44  of  t he   l e a d i n g   p a i r   of  t e e t h ,  

such   as  t e e t h   48a  of  t he   t r i a d   48a  and  48b  is  at  l e a s t   0 . 1 5 0  

i n c h   (3 .81  m i l l i m e t e r s )   above   b i t   f a c e   44,  w h i l e   g a g e  

p r o t e c t i n g   t e e t h   50  and  the   t h i r d   t o o t h   of  the   t r i a d ,   s u c h  

as  t o o t h   48b  have  a  l e s s e r   e x p o s u r e ,   fo r   e x a m p l e   0 .105   i n c h  

( 2 . 6 7   m i l l i m e t e r s ) .  

In  each   of  t h e s e   t r i a d s   the   s p a c i n g   b e t w e e n   t h e  

k e r f s   cu t   by  the   t e e t h   of  the   t r i a d   may  v a r y   among  t h e  

t e e t h .   For  e x a m p l e ,   the   o u t e r m o s t   t r i a d   52  may  have  a  

i n t e r - k e r f   s p a c i n g   of  a p p r o x i m a t e l y   0 .25   i n c h   ( 6 . 3 5  

m i l l i m e t e r s ) ,   t r i a d   56  an  i n t e r - k e r f   s p a c i n g   of  0.31  i n c h  

( 7 . 8 7   m i l l i m e t e r s )   and  t r i a d   48a  and  48b  in  i n t e r - k e r f  

s p a c i n g   of  0 .38   i n c h   ( 9 . 6 5   m i l l i m e t e r s ) .   Thus ,   n e a r   t h e  

o u t e r   gage   54  whe re   l i n e a r   s p e e d s   of  b i t   42  a r e   g r e a t e r ,   t h e  

i n t e r - k e r f   s p a c i n g   is   l e s s .   T h i s   s p a c i n g   i n c r e a s e s   as  t h e  

r a d i a l   d i s t a n c e   of  t he   t r i a d   f rom  the   c e n t e r   of  the   d r i l l  

s t r i n g   d e c r e a s e s .   In  t h i s   way  c o m p e n s a t i o n   is   made  fo r   t h e  

g r e a t e r   r o c k - c u t t i n g   r a t e   i m p o s e d   upon  the   t h i r d   t o o t h   o f  

t he   t r i a d ,   such   as  t o o t h   48b,   as  one  moves  o u t w a r d l y   f r o m  

the   c e n t e r   of  the   b i t   to  o u t e r   gage   54.  In  f a c t ,   i f   d e s i r e d ,  



the   i n t e r - k e r f   s p a c i n g   can  be  made  i n v e r s e l y   p r o p o r t i o n a l   t o  

the   r a d i a l   d i s t a n c e   of  the   t h i r d   t o o t h ,   such  as  t o o t h   4 8 b .  

Turn  to  F i g u r e   5  w h e r e i n   a  p l a n   view  of  a  s e c o n d  

e m b o d i m e n t   is  i l l u s t r a t e d .   The  b i t ,   g e n e r a l l y   d e n o t e d   b y  

r e f e r e n c e   n u m e r a l   41,  is  a g a i n   d i v i d e d   i n t o   t h r e e   s e c t o r s   o f  

120  d e g r e e s   by  r a d i a l   w a t e r w a y s   47.  Each  s e c t o r   i n c l u d e s   a  

t r i a d   of  c u t t e r s .   For  e x a m p l e ,   the   r a d i a l l y   i n n e r m o s t   t r i a d  

is  c o m p r i s e d   of  a  p a i r   of  t e e t h   49a  and  an  a z i m u t h a l l y  

f o l l o w i n g   t o o t h   49b  r a d i a l l y   d i s p o s e d   b e t w e e n   p a i r   of  t e e t h  

49a.  The  m i d - r a d i a l   t r i a d   57  and  o u t e r m o s t   t r i a d   53  a r e  

s i m i l a r l y   c o n s t i t u t e d .   Gage  p r o t e c t i o n   t e e t h   51  a r e   a l s o  

d i s p o s e d   on  the   i n n e r   and  o u t e r   g a g e s .  

The  s e c o n d   e m b o d i m e n t   of  F i g u r e   5  d i f f e r s   f r o m  

t h a t   of  F i g u r e   4  in  t h a t   t he   s e c o n d   t o o t h   of  p a i r   49a  o f  

t e e t h   is  a z i m u t h a l l y   d i s p o s e d   a p p r o x i m a t e l y   15  d e g r e e s  

b e h i n d   the   l e a d i n g   f a c e   of  the   f i r s t   t o o t h   of  p a r i r   4 9 a .  

T h i r d   c l e a r i n g   t o o t h   49b  is  a z i m u t h a l l y   d i s p o s e d  

a p p r o x i m a t e l y . 3 0   d e g r e e s   b e h i n d   the   l e a d i n g   f a c e   of  t h e  

s e c o n d   t o o t h   of  p a i r   4 9 a .  

Turn  now  to  F i g u r e   6  w h e r e i n   a n o t h e r   e m b o d i m e n t   o f  

the   i n v e n t i o n   is   i l l u s t r a t e d ,   s h o w i n g   in  p l a n   v iew  a  m i n i n g  

b i t ,   g e n e r a l l y   d e n o t e d   by  r e f e r e n c e   n u m e r a l   60.  Once  a g a i n  

m i n i n g   b i t   60  is  d i v i d e d   i n t o   t h r e e   s e c t o r s   as  d e f i n e d   by  

r a d i a l   w a t e r w a y s   62.  Gage  p r o t e c t i n g   t e e t h   64  a re   p r o v i d e d  

as  b e f o r e ,   h o w e v e r ,   w i t h i n   each   s e c t o r   the   t r i a d   of  t e e t h  

a re   a r r a n g e d   so  t h a t   the   f i r s t   k e r f   c u t t i n g   t o o t h   66  i s  

f o l l o w e d   by  the   c l e a r i n g   t o o t h   68  and  h e n c e   by  the   s e c o n d  



k e r f   c u t t i n g   t o o t h   70.  In  t he   e m b o d i m e n t   of  F i g u r e   6 ,  

l e a d i n g   k e r f   c u t t i n g   t o o t h   66  is  the   r a d i a l l y   i n n e r m o s t  

t o o t h   of  the   t r i a d   of  t e e t h   6 6 - 7 0 ,   w h i l e   the   s e c o n d   k e r f  

c u t t i n g   t o o t h   70  is  the   r a d i a l l y   o u t e r m o s t   t o o t h   of  t h e  

t r i a d .  

In  the  i l l u s t r a t e d   e m b o d i m e n t ,   the   f i r s t   k e r f  

c u t t i n g   t o o t h   66  is  a z i m u t h a l l y   d i s p l a c e d   b e h i n d   the   c e n t e r  

of  w a t e r w a y   62  by  a p p r o x i m a t e l y   35  d e g r e e s .   C l e a r i n g   t o o t h  

68  is  t h e n   a z i m u t h a l l y   d i s p l a c e d   b e h i n d   the   l e a d i n g   edge  o f  

t o o t h   66  by  a p p r o x i m a t e l y   30  d e g r e e s .   F i n a l l y ,   the   s e c o n d  

k e r f   c u t t i n g   t o o t h   70  has  i t s   l e a d i n g   edge  a z i m u t h a l l y  

d i s p l a c e d   b e h i n d   the   c e n t e r   of  c l e a r i n g   t o o t h   68  b y  

a p p r o x i m a t e l y   20  d e g r e e s .   As  d e s c r i b e d   b e f o r e   in  c o n n e c t i o n  

w i t h   the  e m b o d i m e n t   of  F i g u r e   4,  t he   r a d i a l   d i s p l a c e m e n t   o f  

t e e t h   66,  68  and  70  is  a d j u s t e d   so  t h a t   c l e a r i n g   t o o t h   68 

l i e s   in  the   h a l f s p a c e   b e t w e e n   the   k e r f   c u t t i n g   t e e t h   66  a n d  

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

t e e t h   66  and  70  is  e q u a l   to  or  l e s s   t h a n   the   r a d i a l  

e f f e c t i v e   c u t t i n g   w i d t h   of  c l e a r i n g   t o o t h   68,  which   may  b e  

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

d i m e n s i o n   of  c l e a r i n g   t o o t h   68.  For  the   p u r p o s e s   of  t h i s  

s p e c i f i c a t i o n ,   " e f f e c t i v e   c u t t i n g   w i d t h "   of  a  t o o t h   i s  

d e f i n e d   as  t he   maximum  r a d i a l   d i m e n s i o n   of  r ock   l and   b e t w e e n  

two  c o n c e n t r i c   k e r f s   or  k e r f   c u t t i n g   t e e t h ,   w h i c h  a   c u t t e r  

can  remove  in  a  s i n g l e   p a s s .   Thus ,   the   m a g n i t u d e   o f  

e f f e c t i v e   c u t t i n g   w i d t h   w i l l   d e p e n d   on  t o o t h   d e s i g n ,   t h e  

n a t u r e   of  the   r ock   and  o t h e r   d r i l l i n g   p a r a m e t e r s .   T h e  



i n t e r - k e r f   d i s t a n c e   b e t w e e n   t e e t h   66  and  70  is  s i m i l a r l y  

a d j u s t e d   to  c o m p e n s a t e   fo r   the   g r e a t e r   c u t t i n g   r a t e  

e x p e r i e n c e d   n e a r   o u t e r   gage  72  as  c o n t r a s t e d   to  t h a t  

e x p e r i e n c e d   n e a r   i n n e r   gage  74  as  p r e v i o u s l y   d e s c r i b e d   i n  

c o n n e c t i o n   w i t h   the   e m b o d i m e n t   of  F i g u r e   4 .  

F i n a l l y ,   the   a n n u l a r   swa th   cu t   i n t o   t he   r o c k  

f o r m a t i o n   by  the   t r i a d   of  t e e t h   66,  68  and  70  o v e r l a p s   w i t h  

the   swa th   cu t   by  the   t r i a d   of  t e e t h   76  and  78  a l s o   d i s p o s e d  

on  b i t   f a c e   80  of  b i t   60  in  a  manne r   s i m i l a r   to  t h a t  

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

Turn  now  to  F i g u r e   7  where   ye t   a n o t h e r   e m b o d i m e n t  

of  t he   i n v e n t i o n   is   i l l u s t r a t e d .   Here  a  m i n i n g   b i t ,  

g e n e r a l l y   d e n o t e d   by  r e f e r e n c e   n u m e r a l   82,  a g a i n   i s  

o r g a n i z e d   i n t o   t h r e e   s e c t o r s   d e f i n e d   by  r a d i a l   w a t e r w a y s   8 4 .  

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

86.  He re ,   c l e a r i n g   t o o t h   92  a z i m u t h a l l y   p r e c e d e s   t h e  

f o l l o w i n g   k e r f   c u t t e r s .   For  e x a m p l e ,   the   l e a d i n g   k e r f  

c u t t i n g   t o o t h   88  is  a s s o c i a t e d   w i t h   a  s e c o n d   k e r f   c u t t i n g  

t o o t h   90  and  a  l e a d i n g   c l e a r i n g   t o o t h   92.  A g a i n ,   t e e t h   88 

and  90  a re   t a n g e n t i a l l l y   s e t   B a l l a S e t   t y p e   t e e t h ,   a n d  

c l e a r i n g   t o o t h   92  is  a  a x i a l l y   or  s t u d   m o u n t e d   c y l i n d r i c a l  

p o l y c r y s t a l l i n e   d i a m o n d   c u t t e r .   In  t he   i l l u s t r a t e d  

e m b o d i m e n t ,   c l e a r i n g   t o o t h   92  is  a z i m u t h a l l y   d i s p l a c e d  

b e h i n d   i t s   p r e c e d i n g   w a t e r w a y   by  a p p r o x i m a t e l y   30  d e g r e e s .  

The  l e a d i n g   edge  of  t he   s e c o n d   k e r f   c u t t i n g   t o o t h   90  i s  

a z i m u t h a l l y   d i s p l a c e d   b e h i n d   c l e a r i n g   t o o t h   92  b y  

a p p r o x i m a t e l y   20  d e g r e e s ,   w h i l e   the   f i r s t   k e r f   c u t t i n g   t o o t h  



38  has  i t s   l e a d i n g   edge  a z i m u t h a l l y   d i s p l a c e d   in  f r o n t   o f  

s e c o n d   k e r f   c u t t i n g   t o o t h   90  by  a p p r o x i m a t e l y   35  d e g r e e s .  

As  in  the   e m b o d i m e n t s   of  F i g u r e s   4 -6 ,   k e r f i n g  

t e e t h   88  and  90  a re   t a n g e n t i a l l y   s e t   B a l l a S e t   type   t e e t h ,  

w h i l e   c l e a r i n g   t o o t h   92  is  a  s t u d   s e t ,   c y l i n d r i c a l ,  

p o l y c r y s t a l l i n e   d i a m o n d   e l e m e n t .   T e e t h   96  form  a  s e c o n d  

t r i a d   and  t e e t h   98  a  t h i r d   t r i a d   in  a  s i m i l a r   m a n n e r .   E a c h  

of  the   t r i a d   of  t e e t h   98,  96  and  88-92   a r e ,   as  d e s c r i b e d  

b e f o r e ,   r a d i a l l y   d i s p o s e d   a c r o s s   b i t   f a c e   94  to  c u t  

o v e r l a p p i n g   a n n u l a r   s w a t h s   r a n g i n g   from  o u t e r   gage  100  t o  

i n n e r   gage  102.   The  t r i a d s   a r e   a l s o   c h a r a c t e r i z e d   by  t h e  

v a r i a b l e   i n t e r - k e r f   s p a c i n g   a c r o s s   b i t   f a c e   94  as  p r e v i o u s l y  

d e s c r i b e d .  

M i n i n g   b i t s   41,  42,  60  and  82  as  d e p i c t e d   a n d  

d e s c r i b e d   above   in  c o n n e c t i o n   w i t h   F i g u r e s   5,  6  and  7 

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

r a t e   e s t a b l i s h e d .   In  the   t e s t   run  in  q u e s t i o n ,   the   d e s i g n  

of  m i n i n g   b i t   60  of  F i g u r e   6  e x h i b i t e d   the   h i g h e s t   d r i l l  

r a t e ,   b i t   41  of  F i g u r e   5  a  d r i l l i n g   r a t e   a p p r o x i m a t e l y   t w o  

t h i r d s   l e s s ,   and  the   d e s i g n   of  b i t   82  of  F i g u r e   7  the   l o w e s t  

d r i l j n g   r a t e .   I t   is  no t   e n t i r e l y   w e l l   u n d e r s t o o d   why  t h e  

t r i a d   p l a c e m e n t   of  b i t   60  is   d r a m a t i c a l l y   b e t t e r   t h a n   t h e  

t r i a d   p l a c e m e n t s   of  b i t s   41,  42  and  82.  In  f a c t   t h e  

s u p e r i o r   p e r f o r m a n c e   of  an  " i n - b e t w e e n "   d e s i g n   such   a s  

i l l u s t r a t e d   by  b i t   60  of  F i g u r e   6  is   s u r p r i s i n g ,   s i n c e  

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

d e s i g n   of  b i t s   41  or  42  s h o u l d   have   been   o p t i m a l   on  t h e  



g r o u n d   t h a t   the   c l e a r i n g   t o o t h   would   be  a b l e   to  remove   a n  

u n s u p p o r t e d   and  f u l l y   d e f i n e d   l and   b e t w e e n   the   k e r f s .  

Turn  now  to  F i g u r e   8  wh ich   shows  a  d i a g r a m a t i c  

p l a n   view  of  a  p e t r o l e u m   b i t   i n c o r p o r a t i n g   the   i n v e n t i o n .  

The  p e t r o l e u m   b i t ,   g e n e r a l l y   d e n o t e d   by  r e f e r e n c e   n u m e r a l  

104,  i n c l u d e s   an  i n n e r   c r o w f o o t   106.  The  h y d r a u l i c   f l u i d  
. 

f l o w s   o u t w a r d l y   t h r o u g h   s p i r a l   w a t e r w a y s   108  to  a  p l u r a l i t y  

of  j unk   s l o t s   110  d e f i n e d   i n t o   o u t e r   gage  112.  B e t w e e n  

w a t e r w a y s   108  a re   c o l l e c t o r s   114.   C o l l e c t o r s   114  a n d  

w a t e r w a y s   108  in  t u r n   d e f i n e   s p i r a l   l a n d s   116  upon  which   t h e  

c u t t i n g   e l e m e n t s   a r e   d i s p o s e d   ( n o t   shown  in  F i g u r e   8 ) .  

A  p r o f i l e   of  p e t r o l e u m   b i t   104  as  d e p i c t e d   i n  

F i g u r e   8  and  seen   in  c r o s s - s e c t i o n a l   s i d e v i e w   t a k e n   t h r o u g h  

l i n e   9-9  of  F i g u r e   8  is  shown  in  F i g u r e   9.  C r o w f o o t  

o p e n i n g s   106  h e r e   a re   s een   i n c l i n e d   o u t w a r d l y   and  in  o r  

n e a r   nose   118  of  b i t   104.   G e n e r a l l y   f l a t   p o r t i o n   or  f l a n k  

120  e x t e n d s   from  nose   118  to  s h o u l d e r   122  where   t he   b i t   f a c e  

e x t e n d s   i n t o   o u t e r   gage   112.  A  t r i a d   of  t e e t h ,   c o l l e c t i v e l y  

d e n o t e d   by  r e f e r e n c e   n u m e r a l   124,  is  d i a g r a m m a t i c a l l y  

d e p i c t e d   in  e n l a r g e d   s c a l e   on  f l a n k   120  where   two  B a l l a S e t  

t y p e   t e e t h   126  w i t h   an  i n t e r l y i n g   c y l i n d r i c a l l c u t t e r   128  i s  

shown  in  c r o s s   s e c t i o n .   The  d i s p o s i t i o n   of  t e e t h   a c c o r d i n g  

to  the   i n v e n t i o n   a c r o s s   the   f a c e   of  p e t r o l e u m   b i t   104  c a n  

now  be  u n d e r s t o o d   by  t u r n i n g   to  t he   p l o t   d e t a i l   as  shown  i n  

F i g u r e   1 0 .  

In  the   i l l u s t r a t e d   e m b o d i m e n t   of  F i g u r e   10  t h e  

t r i a d   d e s i g n   of  F i g u r e   6  is  i m p l e m e n t e d   a l t h o u g h   a n y  o n e   o f  



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

s u b s t i t u t i o n   of  B a l l a S e t   t y p e   t e e t h   f o r   c y l i n d r i c a l   c u t t e r s  

and  v i c e   a  v e r s a .   The  p l o t   d e t a i l   of  F i g u r e   10  is  a  

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

the   e n t i r e   s u r f a c e   of  b i t   104  i n c l u d i n g   the   g a g e .   The  p l o t  

is  t a k e n   as  i f   the   b i t   were  cu t   from  the   o u t e r   gage   to  t h e  

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

s t r e t c h e d   to  form  a  f l a t   s t r i p .   T h e r e f o r e ,   in  t h e  

p r o j e c t i o n   of  the   p l o t   d e t a i l   of  F i g u r e   10  some  d i s t o r t i o n  

of  p r o p o r t i o n   is  u n a v o i d a b l e .   T h e r e f o r e   F i g u r e   10  must   b e  

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

i m p l i c a t i o n   s h o u l d   be  d rawn  from  t he   i l l u s t r a t e d  

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

P e t r o l e u m   b i t   104  is  d i v i d e d   i n t o   t h r e e   s e c t o r s  

130,  132  and  134.  Each  s e c t o r   1 3 0 - 1 3 4   i n c l u d e s   two  s p i r a l  

l a n d s   116a  and  116b  in  t he   c a s e   of  s e c t i o n   130,   l a n d s   1 1 6 c  

and  116d  in  t he   c a s e   of  s e c t i o n   132,  and  116e  and  116f  i n  

t he   c a s e   of  s e c t i o n   1 3 4 .  

Turn  now  to  s e c t i o n   130  wh ich   shows  a  p l u r a l i t y   o f  

t a n g e n t i a l l y   s e t   B a l l a S e t   t y p e   t e e t h   such   as  t o o t h   136  and  a  

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

m o u n t e d   t e e t h ,   such   as  t o o t h   138  d i s p o s e d   on  l a n d   116a  a n d  

t o o t h   148a  on  l and   116b .   In  a d d i t i o n   to  t h e s e   t y p e s   o f  

t e e t h ,   a  p l u r a l i t y   of  s u r f a c e - s e t   n a t u r a l   d i a m o n d s  1 4 0   a r e  

a l s o   i n c l u d e d   in  the   nose   a r e a   118  and  in  s h o u l d e r   p o r t i o n  

122  as  w e l l   as  t h r o u g h   ou t   gage   112.   S u r f a c e - s e t   d i a m o n d s  



140  a r e   c o n v e n t i o n a l   and  a r e   p r o v i d e d   fo r   a b r a s i o n  

p r o t e c t i o n   in  a  manner   w e l l   n o t e d   in  the   a r t .  

Now  c o n s i d e r   t he   f i r s t   t r i a d   of  k e r f   c u t t i n g   t e e t h  

in  s e c t i o n   130  b e g i n n i n g   from  nose   118.   The  f i r s t   k e r f  

c u t t e r ,   t o o t h   136  l e a d s   and  is  r a d i a l l y   d i s p o s e d   o u t w a r d  

w i t h   r e s p e c t   to  t he   i n t e r l y i n g   c y l i n d r i c a l   c u t t e r   138.  T h e  

n e x t   k e r f   c u t t e r   of  the   t r i a d   is  B a l l a S e t ' t y p e   t o o t h   142  

wh ich   is  t he   r a d i a l l y   o u t e r m o s t   t o o t h   on  s e c o n d   l a n d   1 1 6 b .  

The  s e c o n d   t r i a d   of  t e e t h   a l s o   i n c l u d e s   t o o t h   1 4 2 ,  

c y l i n d r i c a l   p o l y c r y s t a l l i n e   d i a m o n d   (pcd)   t o o t h   144  a n d  

B a l l a S e t   t y p e   t o o t h   146  on  l and   116a .   The  t r i a d   of  t e e t h  

c o n t i n u e   to  be  i n t e r l a c e d   b e t w e e n   l a n d s   116a  and  116b  t o w a r d  

s h o u l d e r   122.   For  e x a m p l e ,   t he   t h i r d   t r i a d   a l s o   i n c l u d e s  

B a l l a S e t   t o o t h   146,  c y l i n d r i c a l   t o o t h   148  and  B a l l a S e t   t y p e  

t o o t h   150  each   f o r m i n g   w i t h   r e s p e c t   to  t he   o t h e r   t he   t y p e   o f  

r e l a t i o n s h i p   as  d e p i c t e d   in  F i g u r e   6.  The  f o u r t h   t r i a d  

i n c l u d e s   B a l l a S e t   t o o t h   150,  c y l i n d r i c a l   t o o t h   152  a n d  

B a l l a S e t   t y p e   t o o t h   154  on  l a n d   116a .   Thus ,   e ach   B a l l a S e t  

t y p e   t o o t h   d o u b l e s   as  f o r m i n g   a  k e r f i n g   c u t t e r   in  a d j a c e n t  

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

The  d i s p o s i t i o n   of  t e e t h   is   c o m p l e t e d   b y  

e n u m e r a t i n g   the   f o l l o w i n g   t r i a d s ;   B a l l a S e t   t o o t h   1 5 4 ,  

c y l i n d r i c a l   t o o t h   156,  and  B a l l a S e t   t o o t h   158;  B a l l a S e t  

t o o t h   158,   c y l i n d r i c a l   t o o t h   160  and  B a l l a S e t   t o o t h   1 6 2 ;  

B a l l a S e t   t o o t h   162,   c y l i n d r i c a l   t o o t h   164  and  B a l l a S e t   t o o t h  

166;  B a l l a S e t   t o o t h   166,  c y l i n d r i c a l   t o o t h   168  and  B a l l a S e t  

t o o t h   170;  B a l l a S e t   t o o t h   170,   c y l i n d r i c a l   t o o t h   172  a n d  



B a l l a S e t   t o o t h   174;  B a l l a S e t   t o o t h   174,   and  an  o m i t t e d  

c y l i n d r i c a l   t o o t h   due  to  t he   p r e s e n c e   of  t he   j u n k   s l o t ,   a n d  

B a l l a S e t   t o o t h   176;  B a l l a S e t   t o o t h   176,  c y l i n d r i c a l   t o o t h  

178  on  l a n d   116a ,   and  f i n a l l y   B a l l a S e t   t o o t h   1 8 0 .  

In  a d d i t i o n   to  t he   t r i a d   s p e c i f i c a l l y   l i s t e d   a b o v e  

in  s e c t i o n   130,  a d d i t i o n a l   c y l i n d r i c a l   t e e t h ,   such  a s  

c y l i n d r i c a l   c u t t e r s   182  on  l a n d   116a  and  B a l l a S e t   t o o t h   184 

on  the   l e a d i n g   edge   of  l a n d   116a  may  a l s o   be  i n c l u d e d   t o  

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

d e s i g n   p r i n c i p l e s .  

Each  of  t he   s e c t i o n s   132  and  134  on  b i t   104  a r e  

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

t h e i r   p a i r e d   l a n d s   in  t he   same  manne r   as  d e s c r i b e d   i n  

c o n n e c t i o n   w i t h   s e c t i o n   130.  F u r t h e r m o r e ,   as  d e s c r i b e d   i n  

the   e m b o d i m e n t s   of  F i g u r e s   4 -7 ,   t h e   t r i a d s   on  a d j a c e n t  

s e c t i o n s   1 3 0 - 1 3 4   a r e   o f f s e t   w i t h   r e s p e c t   to  t he   t r i a d s   i n  

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

s w a t h s   i n t o   t he   f a c e   of  the   r o c k   f o r m a t i o n ,   t h e r e b y  

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

b i t   to  t he   g a g e .  

Many  m o d i f i c a t i o n s   and  a l t e r a t i o n s   may  be  made  b y  

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

from  the   s p i r i t   and  s c o p e   of  t he   i n v e n t i o n .   For  e x a m p l e ,  

a l t h o u g h   t he   p l o t   d i a g r a m   of  F i g u r e   10  as  been   i l l u s t r a t e d  

in  c o n n e c t i o n   w i t h   t he   e m b o d i m e n t   of  F i g u r e   6,  a  s i m i l a r  

d i a g r a m   c o u l d   have  been   d e r i v e d   w i t h   r e s p e c t   to  t he   t r i a d  

e m b o d i m e n t s   i l l u s t r a t e d   in  F i g u r e s   4,  5  or  7  as  w e l l .  



S i m i l a r l y ,   a l t h o u g h   the   t r i a d   e m b o d i m e n t s   of  F i g u r e s   4 - 1 0  

each   c o n t e m p l a t e   two  B a l l a S e t   t y p e   c u t t e r s   w i t h   a  

c y l i n d r i c a l   c l e a r i n g   c u t t e r ,   the   i n v e n t i o n   is  not   l i m i t e d   t o  

p a r t i c u l a r   t y p e s   of  t e e t h   or  c u t t e r s   fo r   a n y  o n e   or  a l l   o f  

the   t r i a d   of  c u t t i n g   t e e t h .   F u r t h e r m o r e ,   the   a z i m u t h a l  

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

e m b o d i m e n t s   of  F i g u r e s   4-7  is  i l l u s t r a t i v e   on ly   and  t h e  

a c t u a l   s p a c i n g   may  v a r y   w i t h   each   a p p l i c a t i o n   or  w i t h i n   a  

s i n g l e   b i t   such   as  shown  in  the   e m b o d i m e n t   of  F i g u r e   1 0 .  

T h e r e f o r e ,   t he   i l l u s t r a t e d   e m b o d i m e n t   has  been  s e t   f o r t h  

on ly   by  way  of  e x a m p l e   and  s h o u l d   no t   be  t a k e n   as  l i m i t i n g  

the   i n v e n t i o n   as  d e f i n e d   in  t he   f o l l o w i n g   c l a i m s .  



1.  An  i m p r o v e m e n t   in  a  r o t a t i n g   b i t   h a v i n g   a  b i t   f a c e  

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

c o m p r i s i n g :  

a  p l u r a l i t y   of  t r i a d s   of  c u t t e r s ,   s u b s t a n t i a l l y  

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

in  at   l e a s t   one  of  s a i d   t r i a d s ,   e ach   t r i a d   c o m p r i s i n g :  

at   l e a s t   a  f i r s t   and  s e c o n d   p o l y c r y s t a l l i n e  

d i a m o n d   c u t t e r s   f o r   c u t t i n g   k e r f s ; a n d  

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

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

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

b e t w e e n   s a i d   k e r f s   cu t   by  s a i d   f i r s t   and  s e c o n d   t e e t h ,   s a i d  

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

l e a s t   one  of  s a i d   f i r s t   and  s e c o n d   t e e t h ,  

w h e r e b y   c u t t i n g   by  k e r f i n g   w i t h   s a i d   f i r s t ,   s e c o n d  

and  t h i r d   t e e t h   a c t i n g   in  c o m b i n a t i o n   is  o p t i m i z e d   on  s a i d  

b i t .  

2.  The  i m p r o v e m e n t   of  C la im  1  w h e r e i n   s a i d   f i r s t  

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

s u b s t a n t i a l l y   t h e   same  a z i m u t h a l   p o s i t i o n ,   s a i d   f i r s t   a n d  

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

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

s e c o n d   t e e t h .  



3.  The  i m p r o v e m e n t   of  C la im  1  w h e r e i n   s a i d   f i r s t  

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

each   o t h e r   on  s a i d   b i t   f a c e   of  s a i d   b i t .  

4.  The  i m p r o v e m e n t   of  C la im   3  w h e r e i n   s a i d   t h i r d  

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

in  f r o n t   of  s a i d   s e c o n d   t o o t h .  

5.  The  i m p r o v e m e n t   of  C la im  3  w h e r e i n   s a i d   t h i r d  

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

s e c o n d   t e e t h .  

6.  The  i m p r o v e m e n t   of  C la im  1  w h e r e i n   s a i d   f i r s t  

and  s e c o n d   t e e t h   a r e   a r r a n g e d   and  c o n f i g u r e d   to  cu t   a  k e r f  

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

7.  The  i m p r o v e m e n t   of  C la im   6  w h e r e i n   s a i d   t h i r d  

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

d i a m o n d   t o o t h .  

8.  The  i m p r o v e m e n t   of  C la im  7  w h e r e i n   s a i d  

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

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

b i t   and  is  a  f u l l   c y l i n d e r .  

9.  The  i m p r o v e m e n t   of  C la im  7  w h e r e i n   s a i d  

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

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

s e g m e n t   of  a  c y l i n d e r .  

10.  The  i m p r o v e m e n t   of  C la im  1  w h e r e i n   e a c h  

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

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

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



11.  The  i m p r o v e m e n t   of  C la im   10  w h e r e i n   r a d i a l  

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

d e c r e a s e s   as  t he   d i s t a n c e   of  s a i d   t r i a d   from  s a i d   c e n t e r   o f  

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

12.  The  i m p r o v e m e n t   of  C la im   11  w h e r e i n   s a i d  

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

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

t r i a d   from  s a i d   c e n t e r   of  s a i d   r o t a t i n g   b i t .  

13.  The  i m p r o v e m e n t   of  C la im   10  w h e r e i n   t h e  

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

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

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

of  a  r a d i a l l y   a d j a c e n t   t r i a d   w h e r e b y   two  r a d i a l l y   a d j a c e n t  

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

s e c o n d   t e e t h   of  each   t r i a d   and  two  c l e a r i n g   t e e t h   l i k e   s a i d  

t h i r d   t o o t h   of  e ach   t r i a d .  

14.  The  i m p r o v e m e n t   of  C la im   1  w h e r e i n   s a i d   f i r s t  

and  s e c o n d   t e e t h   a r e   each   a r r a n g e d   and  c o n f i g u r e d   to  cu t   a  

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

to  the   t a n g e n t i a l   p l a n e   to  s a i d   b i t   f a c e   a t   the   p o s i t i o n   o f  

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

w i t h   r e s p e c t   to  the   t a n g e n t i a l   p l a n e   of  e ach   s a i d   t o o t h   a t  

the   l o c a t i o n   of  s a i d   t o o t h   on  s a i d   b i t   f a c e   b e i n g   e q u a l ,  

w h e r e b y   a  l and   d e f i n e d   by  s a i d   k e r f s ,   cu t   by  s a i d   f i r s t   a n d  

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

15.  A  r o t a t i n g   b i t   c o m p r i s i n g :  

a  b i t   b o d y ;  



a  b i t   f a c e   d e f i n e d   on  at  l e a s t   a  p o r t i o n   of  s a i d  

b i t   b o d y ; a n d  

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

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

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

e l e m e n t s   d i s p o s e d   to  form  a  k e r f   c u t t i n g   t r i a d ,   s a i d   k e r f  

c u t t i n g   t r i a d   c o m p r i s e d   of  a  f i r s t   and  s e c o n d   k e r f   c u t t i n g  

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

a z i m u t h a l l y   d i s p o s e d   b e h i n d   a t   l e a s t   one  of  s a i d   f i r s t   a n d  

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

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

f a c e ,  

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

k e r f i n g   is  o p t i m i z e d .  

16.  The  r o t a t i n g   b i t   of  C la im  15  w h e r e i n   t h e  

r a d i a l   d i s t a n c e   b e t w e e n   s a i d   f i r s t   and  s e c o n d   t e e t h   is  e q u a l  

to  or  l e s s   t h a n   t he   e f f e c t i v e   c u t t i n g   w i d t h   of  s a i d   t h i r d  

t o o t h .  

17.  The  r o t a t i n g   b i t   of  C la im  16  w h e r e i n   s a i d  

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

b o t h   s a i d   f i r s t   and  in  f r o n t   of  s a i d   s e c o n d   t o o t h   of  s a i d  

t r i a d .  

18.  The  r o t a t i n g   b i t   of  C la im  17  w h e r e i n   s a i d  

f i r s t   and  s e c o n d   t o o t h   a r e   c h a r a c t e r i z e d   by  a  g e n e r a l l y  

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

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

e l e m e n t .  



19.  A  me thod   of  c u t t i n g   w i t h   a  r o t a t i n g   b i t  

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

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

c u t t i n g   a  p l u r a l i t y   of  a n n u l a r   s w a t h s   i n t o   a  r o c k   f o r m a t i o n ,  

each   s w a t h   c o n c e n t r i c   w i t h   a n o t h e r   s w a t h   and  l y i n g   in  a  

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

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

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

f i r s t   k e r f   c u t t i n g   t o o t h ;   a n d  

c l e a r i n g   a  p r e d e t e r m i n e d   a n n u l a r   amoun t   of  r o c k  

w i t h   a  t h i r d   a z i m u t h a l l y   f o l l o w i n g   t o o t h ,   s a i d   f i r s t   k e r f i n g  

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

20.  The  me thod   of  C la im   19  f u r t h e r   c o m p r i s e s   t h e  

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

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