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©  Multi-component  cutting  element  using  triangular,  rectangular  and  higher  order  polyhedral-shaped  polycrystalline 
diamond  disks. 

@  A  diamond  cutter  (18)  for  use  in  a  drill  bit  having  a 
geometric  size  and  shape  normally  characterised  by 
unleached  diamond  product,  such  as  STRATAPAX  diamond 
cutters,  can  be  fabricated  by  assembling  a  plurality  of  prefab- 
ricated  leached  polycrystalline  diamond  (PCD)  elements  (14) 
in  an  array  in  a  cutting  slug  (20).  A  cutting  slug  is  formed  of 
matrix  (16)  material  which  in  one  embodiment  is  impregnated 
with  diamond  grit.  The  cutting  face  of  the  cutting  slug  (20)  is 
characterized  by  exposing  at  least  one  surface  of  each  of  the 
PCD  elements  (14)  disposed  therein.  The  diamond  elements 
(14)  may  be  set  within  the  cutting  slug  (20)  either  in  a  compact 
touching  array  or  in  a  spaced-apart  relationship.  More  than 
one  type  of  array  may  also  be  employed  within  a  single  cut- 
ting  slug  (20).  The  diamond  elements  (14)  can  assume  a  vari- 
ety  of  polyhedral  shapes  such  as  triangular  prismatic  ele- 
ments,  rectangular  elements,  hexagonal  elements  and  the 
like.  The  plurality  of  diamond  elements  (14)  and  the  

c u t t i n g �  

slug  (20)  are  fabricated  using  hot  pressing  or  infiltration  tech- 
niques  (Figure  2). 
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BACKGROUND  OF  THE  INVENTION 

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

r o t a t i n g   b i t s .  

2.  D e s c r i p t i o n   of  t h e   P r i o r   A r t  

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

w i t h   n a t u r a l   d i a m o n d s   of  i n d u s t r i a l   q u a l i t y .   The  d i a m o n d s   w e r e  

s q u a r e ,   r o u n d   or  of  i r r e g u l a r   s h a p e   and  f u l l y   e m b e d d e d   in  a 

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

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

of  a  s m a l l   s i z e   r a n g i n g   f rom  v a r i o u s   g r a d e s   of  g r i t   to  l a r g e r  

s i z e s   w h e r e   n a t u r a l   d i a m o n d s   of  5  or  6  s t o n e s   p e r   c a r a t   w e r e  

f u l l y   e m b e d d e d   in  t h e   m e t a l   m a t r i x .   B e c a u s e   of  t h e   s m a l l   s i z e   o f  

t he   n a t u r a l   d i a m o n d s ,   i t   was  n e c e s s a r y   to  f u l l y   embed  t h e  

d i a m o n d s   w i t h i n   t h e   m a t r i x   in  o r d e r   to  r e t a i n   them  on  t h e   b i t  

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

b i t   i s   s u b j e c t e d   d u r i n g   r o c k   d r i l l i n g .  



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

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

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

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

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

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

G e n e r a l   E l e c t r i c   Company .   u n d e r   t he   t r a d e m a r k   STRATAPAX.  T h e  

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

c o b a l t   c a r b i d e   s l u g   and  s o l d   as  an  i n t e g r a l   s l u g   c u t t e r .   T h e  

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

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

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

H o w e v e r ,   s u c h   p r i o r   a r t   p o l y c r y s t a l l i n e   d i a m o n d   (PCD) 

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

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

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

t i m e .  

In  an  a t t e m p t   to   m a n u f a c t u r e   d i a m o n d   c u t t i n g   e l e m e n t s   o f  

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

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

s i n t e r e d   d i a m o n d   e l e m e n t   f rom  w h i c h   t h e   m e t a l l i c   i n t e r s t i t i a l  

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

l e a c h e d   or  o t h e r w i s e   r e m o v e d .   Such  l e a c h e d   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   i s   m a n u f a c t u r e d   by  t h e   G e n e r a l   E l e c t r i c   C o m p a n y  

u n d e r   t h e   t r a d e m a r k   GEOSET,  f o r   e x a m p l e   2102  GEOSETS,  w h i c h   a r e  



f o r m e d   in  t h e   s h a p e   of  an  e q u i l a t e r a l   p r i s m a t i c   t r i a n g l e  4   mn,  o n  

a  s i d e   and  2 . 6   mm  d e e p   (3  p e r   c a r a t ) ,   and  as  a  2103  GEOSET  s h a p e d  

in  t h e   f o rm  of  an  e q u i l a t e r a l   t r i a n g u l a r   p r i s m a t i c   e l e m e n t   6  mm 

on  a  s i d e   and  3 . 7   mm  d e e p   (1  p e r   c a r a t ) .   H o w e v e r ,   due  to  p r e s e n t  

f a b r i c a t i o n   t e c h n i q u e s ,   in   o r d e r   to  l e a c h   t h e   s y n t h e t i c   s i n t e r e d  

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

n e c e s s a r y   t h a t   t h e s e   d i a m o n d   e l e m e n t s   be  l i m i t e d   in   s i z e .  

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

may  be  f o r m e d   in  t h e   s h a p e   of  c i r c u l a r   d i s k s   of  3 / 8 "   ( 9 . 5   mm)  t o  

1 / 2 "   ( 1 2 . 7   mm)  in  d i a m e t e r ,   t h e   l e a c h e d   t r i a n g u l a r   p r i s m a t i c  

d i a m o n d s ,   GEOSETS,  h a v e   maximum  d i m e n s i o n s   of  4  mm  to  6  mm.  I t  

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

b i t   i s   s u b s t a n t i a l l y   i m p r o v e d   by  t h e   s i z e   of   t h e   e x p o s e d   d i a m o n d  

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

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

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

s i z e   of  t h e   d i a m o n d   e l e m e n t s   and  t h e r e f o r e   t h e   a m o u n t   of  d i a m o n d  

a v a i l a b l e   in  a  b i t   d e s i g n   f o r   u s e f u l   c u t t i n g   a c t i o n .  

W h a t   i s   n e e d e d   t h e n   i s   a  PCD  c u t t e r   w h i c h   i s  

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

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

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

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



BRIEF  SUMMARY  OF  THE  INVENTION 

The  i n v e n t i o n   i s   a  d i a m o n d   c u t t e r   f o r   u se   in  a  d r i l l  

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

s t a b l e ,   p r e f a b r i c a 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   (PCD)  

e l e m e n t s .   A  c u t t i n g   s l u g   i s   p r o v i d e d   and  i s   c h a r a c t e r i z e d   by  a  

c u t t i n g   f a c e .   The  c u t t i n g   s l u g   i s   c o m p r i s e d   of  a  m e t a l l i c   m a t r i x  

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

r e t a i n e d   t h e r e i n   by  t h e   m a t r i x   m a t e r i a l .   The  m a t r i x   m a t e r i a l   a l s o  

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

p o r t i o n   of  t h e   m a t r i x   m a t e r i a l   a d j a c e n t   to   t h e   c u t t i n g   f a c e   o f  

t h e   c u t t i n g   s l u g .   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 ,   a n  

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

b i t .  

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

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

t r i a n g u l a r   p r i s m a t i c   and  p r e f a b r i c a t e d   e l e m e n t s .   A  c u t t i n g   s l u g  

i s   p r o v i d e d   and  i s   c o m p r i s e d   of   a  m e t a l l i c   m a t r i x   m a t e r i a l   anc 

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

a r e   d i s p o s e d   in   an  a r r a y   w i t h i n   t h e   c u t t i n g   s l u g .   Each  one  o: 

t h e   PCD  e l e m e n t s   h a s   a t   l e a s t   one  s u r f a c e   w h i c h   i s   f u l l y   e x p o s e s  

on  t h e   c u t t i n g   f a c e   of  t h e   c u t t i n g   s l u g .   The  m a t r i x   m a t e r i a  

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

c u t t i n g   s l u g   a d j a c e n t   to   t h e   c u t t i n g   f a c e ,   and   p r e f e r a b l  

u n i f o r m a l l y   t h r o u g h o u t   t h e   v o l u m e   of  t h e   m a t r i x   m a t e r i a l .   B 

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 ,   a  c u t t i n g   s l u g   i  



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

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

t e m p e r a t u r e   and  wear   p r o p e r t i e s   of  l e a c h e d   PCD  p r o d u c t .  

T h e s e   and  o t h e r   e m b o d i m e n t s   of  t he   i n v e n t i o n   can  b e s t   b e  

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



BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

F i g u r e  I   i s   a  d i a g r a m m a t i c   p e r s p e c t i v e   v i e w   of  a  f i r s t  

e m b o d i m e n t   i n c o r p o r a t i n g   a  t r i a n g u l a r   PCD  e l e m e n t .  

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

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

e l e m e n t .  

F i g u r e   3  i s   a  d i a g r a m m a t i c   p e r s p e c t i v e   v i e w   of  a  t h i r d  

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

e l e m e n t .  

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

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

F i g u r e   5  i s   a  p e r s p e c t i v e   v i e w   of  a  f i f t h   e m b o d i m e n t   o f  

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

F i g u r e   6  i s   a  p l a n   v i e w   of  a  s i x t h   e m b o d i m e n t   of  t h e  

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

F i g u r e   7  i s   a  p e r s p e c t i v e   v i e w   of  a  s e v e n t h   e m b o d i m e n  

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

F i g u r e   8  i s   a  d i a g r a m m a t i c   p e r s p e c t i v e   v i e w   of  t h  

e i g h t h   e m b o d i m e n t   of  t h e   i n v e n t i o n   i n c o r p o r a t i n g   a  h i g h e r   o r d e  



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

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 r e   b e t t e r  

u n d e r s t o o d   by  c o n s i d e r i n g   t h e   a b o v e   F i g u r e s   in  l i g h t   of  t h e  

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



DETAILED  DESCRIPTION  OF  THE  PREFERRED  EMBODIMENTS 

T h e  i n v e n t i o n   i s   an  e n l a r g e d   d i a m o n d   c u t t e r   in  a  

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

b o n d e d   or   e m b e d d e d   in   a  c u t t i n g   s l u g   f o r m e d   of   m a t r i x   m a t e r i a l .  

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

a r r a y e d   PCD  e l e m e n t s ,   e a c h   o f   w h i c h   h a v e   e x p o s e d   s u r f a c e s   on  t h e  

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

i m p r e g n a t e d   m a t r i x   m a t e r i a l   t h e r e b e t w e e n   s i m u l a t e s   an  i n t e g r a l  

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

made  f r o m   t h e s e   c o m p o n e n t s   in   t u r n   i s   c h a r a c t e r i s e d   by  t h e  

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

c o m p o n e n t s   w h i c h   may  be  c h o s e n   f rom  l e a c h e d   d i a m o n d   p r o d u c t .  

T h e r e f o r e ,   d i a m o n d   c u t t e r s   h a v i n g   the   g e o m e t r i c   s i z e   and  d e s i g n  

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

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

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

i n v e n t i o n   i s   b e t t e r   u n d e r s t o o d   by  f i r s t   c o n s i d e r i n g   t h e  

e m b o d i m e n t   in  F i g u r e   1 .  

T u r n   now  to   F i g u r e   1  w h e r e i n   a  d i a m o n d   c u t t e r ,   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 ,   i s   d i a g r a m m a t i c a l l y   d e p i c t e d   i n  

p e r s p e c t i v e   v i ew  as  f o r m i n g   t h e   d i a m o n d   t a b l e   f o r   an  i n f i l t r a t e d  

i n t e g r a l   m a t r i x   t o o t h ,   a l s o   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   12.   D i a m o n d   c u t t e r   10  i s   c o m p r i s e d   of  a  p l u r a l i t y   o f  

s y n t h e t i c   PCD  e l e m e n t s   14 .   In  t h e   i l l u s t r a t e d   e m b o d i m e n t ,  



diamond  e l e m e n t s   14  a r e   t r i a n g u l a r   p r i s m a t i c   e l e m e n t s   s u c h   as  a r e  

so ld   by  G e n e r a l   E l e c t r i c   Company   u n d e r   t h e   t r a d e m a r k s   2102  GEOSET 

and  2103  GEOSET.  T h i s   m a t e r i a l   i s   l e a c h e d   d i a m o n d   m a t e r i a l   w h i c h  

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

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

G e n e r a l   E l e c t r i c   Company   u n d e r   t he   t r a d e m a r k   STRATAPAX. 

D i a m o n d   e l e m e n t s   14  a r e   a r r a n g e d   and  g r o u p e d   in  an  a r r a y  

which   c o l l e c t i v e l y   c o m p r i s e s   d i a m o n d   c u t t e r   10.   In  t h e   c a s e   o f  

F i g u r e   1,  w h e r e i n   d i a m o n d   e l e m e n t s   14  a r e   e q u i l a t e r a l   t r i a n g u l a r  

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

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

s h a p e .   For   e x a m p l e ,   in  t h e   c a s e   w h e r e   2103  GEOSETs  a r e   u s e d   a s  

d i a m o n d   e l e m e n t s   14 ,   f o u r   s u c h   e l e m e n t s   can   be  c o m b i n e d   to  f o r m  

an  e q u i l a t e r a l   p r i s m a t i c   t r i a n g u l a r   s h a p e   h a v i n g   a  s i d e   of  12  mm, 

and  n o t   6  mm  as  in  t h e   c a s e   of  a  2103  GEOSET.  C l e a r l y ,   t h e  

number   of  PCD  e l e m e n t s   14  can  be  i n c r e a s e d   to  c o n s t r u c t   e v e n  

l a r g e r   t r i a n g u l a r   a r r a y s   t h a n   t h a t   d e p i c t e d   in  F i g u r e   1 .  

The   t r i a n g u l a r   a r r a y   f o r m e d   by  d i a m o n d   c u t t e r   1 0  

c o n t e m p l a t e s   a  c o m p a c t   a r r a y   of  d i a m o n d   e l e m e n t s   14  w h e r e i n   e a c h  

d i a m o n d   e l e m e n t   i s   in  c o n t a c t   w i t h ,   or  in  t h e   i m m e d i a t e   p r o x i m i t y  

o f ,   a t   l e a s t   one  a d j a c e n t   d i a m o n d   e l e m e n t   14.   In  t h e   i l l u s t r a t e d  

e m b o d i m e n t ,   e a c h   d i a m o n d   e l e m e n t   14  in   t h e   a r r a y   i s   b o n d e d   to  a n  

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

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

c o m p o u n d s   as  a r e   w e l l   known  in  t he   a r t   in  p o w d e r   m e t u l l u r g y   f o r  



i n c l u s i o n   in   s u c h   m e t a l l i c   m a t r i c e s .   M a t r i x   m a t e r i a l   l a y e r   16  i s  

shown  in  F i g u r e   1  s i m p l y   as   a  d i m e n s i o n l e s s   l i n e .   I t   i s   e n t i r e l y  

w i t h i n   t h e   s c o p e   of   t h e   i n v e n t i o n   t h a t   d i a m o n d   e l e m e n t s   14  m a y  

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

i n t e r s t i t i a l   s p a c e s   c o m p l e t e l y   f i l l e d   w i t h   m a t r i x   m a t e r i a l   1 6 .  

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

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

m a t e r i a l   w h i c h   t e n d s   to   bond   t h e   a d j a c e n t   e l e m e n t s   t o g e t h e r .   F o r  

t h e   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 i t h e r   s i t u a t i o n   or  i t s  

e q u i v a l e n t   s h a l l  b e   d e f i n e d   as   an  " i m m e d i a t e l y   p r o x i m a t e *  

c o n f i g u r a t i o n .  

A g a i n ,   a c c o r d i n g   to   t h e   i n v e n t i o n ,   m a t r i x   m a t e r i a l   16  a s  

shown   in  F i g u r e   1,  f o r   e x a m p l e ,   i n c l u d e s   d i a m o n d   g r i t   d i s p e r s e d  

a t   l e a s t   in   t h a t   p o r t i o n   of   m a t r i x   m a t e r i a l   16  in  t h e   p r o x i m i t y  

of  t h e   c u t t i n g   f a c e   of  d i a m o n d   c u t t e r   10 .   The  mesh   or  g r i t   s i z e  

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

m a t e r i a l   16  may  be  of  any   m a g n i t u d e   or  r a n g e   a c c o r d i n g   to  t h e  

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

d i c t a t e d   by  w e l l   known  p r i n c i p l e s .   G e n e r a l l y ,   a  g r i t   d i a m e t e r   i n  

t h e   r a n g e   of   0 . 0 1   i n c h   ( 0 . 2 5 4 m m )   to   0 . 0 5   i n c h   ( 1 . 2 7 m m )   s u f f i c e s .  

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

T h r o u g h t   m a t r i x   m a t e r i a l   16  of   50%  to  100%  by  v o l u m e   i s   u t i l i z e d .  

T u r n   now  to  F i g u r e   2,  w h e r e i n   t h e   s e c o n d   e m b o d i m e n t   i s  

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

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   18  i s   shown  as  a  p a r t   o f  



an  i n t e g r a l   m a t r i x   t o o t h   in  a  m a t r i x   body  b i t .   Diamond  c u t t e r   18 

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

e l e m e n t s   14  d i s p o s e d   w i t h i n   a  c u t t i n g   s l u g   20.   C u t t i n g   s l u g   20  

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

shown  in  F i g u r e   2.  D i a m o n d   e l e m e n t s   14  in  t h e   i l l u s t r a t e d  

e m b o d i m e n t   of  F i g u r e   a r e   s e t   w i t h i n   c u t t i n g   s l u g   20  in   a 

s p a c e d - a p a r t   r e l a t i o n s h i p   w h e r e i n   m a t r i x   m a t e r i a l   16  i s   d i s p o s e d  

b e t w e e n   a d j a c e n t   d i a m o n d   e l e m e n t s   1 4 .   D i a m o n d   e l e m e n t s   14  a n d  

m a t r i x   m a t e r i a l   16  a r e   i d e n t i c a l   to   t h e   l i k e   n u m b e r e d   e l e m e n t s  

d e s c r i b e d   a b o v e   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   of  F i g u r e   1 .  

The  f i r s t   and  s e c o n d   e m b o d i m e n t s   o f   F i g u r e s   1  and  2 

r e s p e c t i v e l y   a r e - f o r m e d   as  p a r t   of  a  i n f i l t r a t e d   m a t r i x   body  b i t ,  

o n l y   t h e   t o o t h   of  w h i c h   i s   d i a g r a m m a t i c a l l y   shown  in  t h e   f i g u r e s .  

C u t t i n g   s l u g s   10  and  20  can   be  f o r m e d   by  c o n v e n t i o n a l   ho t   p r e s s  

t e c h n i q u e s   or  by  i n f i l t r a t i o n   t e c h n i q u e s   s e p a r a t e l y   f rom  t h e  

m a t r i x   b o d y   b i t   or  may  be  f o r m e d   s i m u l t a n e o u s l y   t h r o u g h  

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

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

p r e f a b r i c a t e d   s y n t h e t i c   d i a m o n d s   14  a r e   p l a c e d   w i t h i n   a n  

a p p r o p r i a t e l y   s h a p e d   mold   in  t h e   d e s i r e d   a r r a y .   T h e r e a f t e r ,   a 

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

i s   t a m p e d   i n t o   the   mold   and  d i s t r i b u t e d   b e t w e e n   d i a m o n d   e l e m e n t s  

14.   T y p i c a l l y ,   a  s u b s t a n t i a l l y   g r e a t e r   t h i c k n e s s   of  d i a m o n d  

b e a r i n g   m e t a l l i c   p o w d e r   i s   p l a c e d   in  t he   mold   t h a n   the   t h i c k n e s s  

of  PCDs  14.   T h i s   d i f f e r e n t i a l   t h i c k n e s s   i s   to  c o m p e n s a t e   fo r   t h e  

g r e a t e r   c o m p r e s s i b i l i t y   of   t h e   p o w d e r   as   c o m p a r e 6   to  t h e  



r e l a t i v e l y   n o n c o m p r e s s i b l e   d i a m o n d s   14 .   T h e r e a f t e r ,   t he   mold  i s  

c l o s e d   by  o n e   or  more   a n v i l s ,   t y p i c a l l y   made  w i t h   t h e   s a m e  

m a t e r i a l   a s   t h e   m o l d ,   s u c h   as  c a r b o n .   The  f i l l e d   mo ld   and  a n v i l s  

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

h e a t s   t h e   m o l d   and  i t s   c o n t e n t s   by  an  i n d u c t i o n   h e a t e r .   P r e s s u r e  

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

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

u l t i m a t e l y   c o m p r e s s i n g   to   t h e   s h a p e   of   c u t t i n g   s l u g   1 0  o r   20,   a s  

d e f i n e d   by  t h e   m o l d .   For  e x a m p l e ,   a  p r e s s u r e   of  200  p s i   and  a  

t e m p e r a t u r e   of  1 9 0 0 ° F   h e l d   f o r   3  m i n u t e s   i s   g e n e r a l l y   s u i t a b l e  

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

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

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

s u b s t a n t i a l l y   no  d i a m o n d   is   c r e a t e d   or  d e s t r o y e d   in  t h e   p r o c e s s .  

An  i n f i l t r a t i o n   t e c h n i q u e   may  a l s o   be  e m p l o y e d   to  e i t h e r  

s e p a r a t e l y   m a n u f a c t u r e   c u t t i n g - s l u g s   10  and  20  or  to  m a n u f a c t u r e  

c u t t i n g   s l u g s   10  and  20  i n t e g r a l l y   w i t h   t h e   m a t r i x   t o o t h .   In  t h e  

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

a p p r o p r i a t e l y   s h a p e d   c a r b o n   m o l d   i s   f a b r i c a t e d   and  d i a m o n d s   14 

s e t   t h e r e i n   in   t h e   d e s i r e d   a r r a y .   O n c e   a g a i n ,   d i a m o n d  

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

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

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

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

a  c a r b o n   m o l d   f o r   a  m a t r i x   b i t   and  f a b r i c a t e d   i n t o   t h e   b i t   in  a 

c o n v e n t i o n a l   m a n n e r .   A l t e r n a t i v e l y ,   d i a m o n d   e l e m e n t s   14  may  b e  



i n d i v i d u a l l y   g l u e d   i n t o   a  mo ld   f o r   a  m a t r i x   body   b i t   in  t h e  

d e s i r e d   a r r a y   and  p o s i t i o n .   T h e r e a f t e r ,   the   m a t r i x   b o d y   b i t   i s  

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

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

m e t a l l i c   p o w d e r   a c c o r d i n g   to  c o n v e n t i o n a l   m a t r i x   b i t   f a b r i c a t i o n  

t e c h n i q u e s .   The  e n t i r e   mold   i s   t h e n   f u r n a c e d   so  t h a t   t h e   c u t t i n g  

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

m a t r i x   b i t .  

T u r n   now  t o   F i g u r e   3  w h e r e i n   a  t h i r d   e m b o d i m e n t   i s  

i l l u s t r a t e d   s h o w i n g   a  c u t t i n g   s l u g ,   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   2 2 ,   b o n d e d   to   a  s t e e l   or  t u n g s t e n   c a r b i d e   s t u d  

24  a l s o   w e l l   known  to  t h e   a r t .   A g a i n ,   c u t t i n g   s l u g   22  i s  

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

P C D s   14a  and  1 4 b .   A g a i n ,   t h e s e   d i a m o n d s   a re   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   e l e m e n t s   s u c h   as  2103  and  2102  GEOSETS  and  a r e   d i s p o s e d  

in  a  d i a m o n d   i m p r e g n a t e d   m e t a l l i c   m a t r i x   16.  The  a r r a y   o f  

d i a m o n d s   shown  in  t h e   e m b o d i m e n t   of  F i g u r e   3  i s   c o m p r i s e d   of  a 

f i r s t   g r o u p i n g   of  d i a m o n d s   14a  and  a  s e c o n d   g r o u p i n g   1 4 b .   F i r s t   ; 

g r o u p i n g   1 4 a   a r e   a  p l u r a l i t y   o f   d i a m o n d s  i n   s p a c e d   a p a r t  

r e l a t i o n s h i p   to   f o r m   s t a g g e r e d   r ows   of  e x p o s e d   t r i a n g u l a r   f a c e s  

in  an  a l t e r n a t i n g   i n v e r t e d   p a t t e r n .   G r o u p   14b  of  d i a m o n d s   a r e  

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

t h a t   t h e i r   a p i c a l   p o i n t s   26  a r e   d i r e c t e d   in  a  g e n e r a l l y   r a d i a l l y  

5 o u t w a r d   d i r e c t i o n .   As  c u t t i n g   s l u g   22  w e a r s ,   t h e   a p i c a l   p o i n t s  

w i l l   b e g i n   to  be  e x p o s e d   and  p r o v i d e   fo r   an  a g g r e s s i v e   c u t t i n c  

a c t i o n   a l o n g   t h e   e d g e   of  c u t t i n g   s l u g   22.  D i a m o n d s   in  g r o u p i n g  



14a  s i m u l a t e   a  p l a n a r   d i a m o n d   t a b l e   a d a p t e d   f o r   c u t t i n g   s a l t  

r o c k .   The  two  g r o u p i n g s   14a  and  14b  of  d i a m o n d s   in  t h e  

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

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

d e m o n s t r a t e   t h a t   d i a m o n d  g r o u p i n g s   on  a  s i n g l e   c u t t i n g   s l u g   22  

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

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

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

C u t t i n g   s l u g   22  i s   b o n d e d   by  s o l d e r i n g ,   b r a z i n g   a n d  

o t h e r   m e a n s   as   d i a g r a m m a t i c a l l y   i n d i c a t e d   by  b r a z e   l a y e r   2 8 ,  

shown  in   g r e a t l y   e x a g g e r a t e d   v i e w   in  F i g u r e   3.   S t u d   24  i s   t h e n  

p r e s s   f i t ,   s o l d e r e d   or   o t h e r w i s e   f i t t e d   i n t o   a  b i t   b o d y ,  

t y p i c a l l y   a  s t e e l   b i t   b o d y   as  i s   w e l l   known  to   t h e   a r t .   Many 

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

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

T u r n   now  to  F i g u r e   4  w h e r e i n   a  f o u r t h   e m b o d i m e n t   of  t h e  

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

m a t r i x   b i t   b o d y .   H e r e   t h e   c u t t i n g   s l u g ,   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 s   3 0 ,   i s   r e c t a n g u l a r   o r   s q u a r e   in   g r o s s  

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

PCDs  14  w h i c h   a r e   a g a i n   g e n e r a l l y   t r i a n g u l a r   and  p r i s m a t i c   i n  

s h a p e .   D i a m o n d s   14  a r e   m o u n t e d   w i t h i n   c u t t i n g   s l u g   30  in  a 

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

d i a m o n d s   14  a r e   a g a i n   f i l l e d   w i t h   d i a m o n d   i m p r e g n a t e d   m a t r i x  

m a t e r i a l   16 .   T h o s e   d i a m o n d s   14  a l o n g   t he   p e r i p h e r y   of  c u t t i n g  



s l u g   30  a r e   o r i e n t e d   to  h a v e   one  s i d e   f a c e   32  e x p o s e d   and  a r t  

c o p l a n a r   w i t h   t h e   f l a t   s i d e s   of  r e c t a n g u l a r   c u t t i n g   s l u g   30.  T h e  

end  f a c e s   34  of  d i a m o n d s   14  a r e   s i m i l a r l y   e x p o s e d   on  t h e   c u t t i n g  

f a c e   36  of  c u t t i n g   s l u g   30.   A l t h o u g h   d i a g r a m m a t i c a l l y   d e p i c t e d  

as  i n c o r p o r a t e d   w i t h i n   a  m a t r i x   t o o t h   38 ,   a  r e c t a n g u l a r   c u t t i n g  

s l u g   30  s u c h   as  shown  in  F i g u r e   4  c o u l d   be  w e l l   a d a p t e d   to  a  s t e p  

b i t   w h e r e   i t   c o u l d   be  b o n d e d ,   s o l d e r e d   or  b r a z e d   to  t h e   c o r n e r s  

of  t he   r e c t a n g u l a r   s t e p s   of  t he   b i t .  

T u r n   now  to  F i g u r e   5  w h e r e i n   y e t   a  f i f t h   e m b o d i m e n t   o f  

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

v i e w .   In  t h e   f i f t h   e m b o d i m e n t   a  c u t t i n g   s l u g ,   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   40 ,   i s   c o m p r i s e d   of   a  p l u r a l i t y   o f   c o m p a c t l y  

a r r a y e d   d i a m o n d s   14.  More  p a r t i c u l a r l y ,   d i a m o n d s   14  a r e   b o n d e d  

t o g e t h e r   in   g r o u p s   of  s i x   to  fo rm  a  r e g u l a r   h e x a g o n a l   s l u g   4 0 .  

I n d i v i d u a l   d i a m o n d   e l e m e n t s   14  a r e   b o n d e d   t o g e t h e r   b y  a   t h i n  

m a t r i x   l a y e r   16  b e t w e e n   e a c h   a d j a c e n t   d i a m o n d   e l e m e n t   14.  As 

w i t h   t h e   p r i o r   e m b o d i m e n t s ,   c u t t i n g   s l u g   40  i s   f a b r i c a t e d   by  a 

c o n v e n t i o n a l   h o t   p r e s s   or  i n f i l t r a t i o n   t e c h n i q u e .   The  c o m p l e t e d  

c u t t i n g   s l u g   40  i s   s i m i l a r l y   b o n d e d   to  a   s t u d   42  by  s o l d e r i n g ,  

b r a z i n g   or  o t h e r   m e a n s   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  b r a z i n g  

l a y e r   4 4 .  

The  e q u i l a t e r a l   t r i a n g u l a r   p r i s m a t i c   d i a m o n d   e l e m e n t s   14 

o f   t h e   e m b o d i m e n t   of  F i g u r e   5  can   be  g e n e r a l i z e d   to  fo rm  l a r g e r  

s t r u c t u r e s   as  shown  in  p l a n   v i e w   in  F i g u r e   6.  T h u s ,   a  number   o f  

h e x a g o n a l   a r r a y s ,   e a c h   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   4 8 ,  



:an  be  c o m b i n e d   to  f o r m   a  l a r g e r   c u t t i n g   s l u g   46.   Each   h e x a g o n a l  

s u b a r r a y   48  w h i c h   f o r m s   p a r t   of   l a r g e r   a r r a y   46  i s   b o n d e d  

t o g e t h e r   by  d i a m o n d   i m p r e g n a t e d   m a t r i x   m a t e r i a l   16  as  p r e v i o u s l y  

d e s c r i b e d .  

T u r n   now  to   F i g u r e   7 .   H e r e t o f o r e ,   t h e   c u t t i n g   s l u g s   i n  

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

t r i a n g u l a r   p r i s m a t i c   p r e f a b r i c a t e d   s y n t h e t i c   P C D s .   T h e  

e m b o d i m e n t   o f   F i g u r e   7  g e n e r a l i z e s   t h e   t e a c h i n g s   of   t h e   p r i o r  

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

PCD  or  c u b i c   d i a m o n d   e l e m e n t s   50 .   C u b i c   d i a m o n d   e l e m e n t s   50  a r e  

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

i m p r e g n a t e d   m e t a l l i c   m a t r i x   16  as   b e f o r e   to  fo rm  a  l a r g e r   c u t t i n g  

s l u g ,   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   52 .   In  a d d i t i o n   t o  

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

e l e m e n t s   50,   m a t r i x   m a t e r i a l   16  m a y  a l s o   f r a m e   or  p r o v i d e   a n  

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

d i a m o n d s   50  f o r   a d d i t i o n a l   s e c u r i t y .   The  r e c t a n g u l a r   or  s q u a r e  

c u t t i n g   s l u g   52  of  t h e   e m b o d i m e n t   of  F i g u r e   7  can   t h e n   be  b o n d e d  

to   a  s t u d   c u t t e r   or  i n t e g r a l l y   f o r m e d   w i t h i n   a  m a t r i x   body   b i t .  

T u r n   f i n a l l y   to   t h e   e m b o d i m e n t   of  F i g u r e   8  w h e r e i n   a  

h i g h e r   o r d e r ,   r e g u l a r   p o l y h e d r a l   s h a p e d   d i a m o n d   e l e m e n t   54  i s  

c o m b i n e d   w i t h   o t h e r   l i k e - s h a p e d   d i a m o n d   e l e m e n t s   of  t he   same  o r  

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

s p a c e d - a p a r t   a r r a y   to   f o rm  an  e n l a r g e d   c u t t i n g   s l u g ,   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   5 6 .   In  t h e   e m b o d i m e n t   of  F i g u r e   8 ,  



p e n t a g o n a l   e l e m e n t s   54  a r e   e m p l o y e d   in  an  a r r a y   w h e r e i n   some  o f  

t h e   e l e m e n t s   54  may  c o n t a c t   e a c h   o t h e r   w h i l e   o t h e r s   r e m a i n   i n  

s p a c e d - a p a r t   r e l a t i o n s h i p .   A g a i n ,   e l e m e n t s   54  a r e   b o u n d   to  e a c h  

o t h e r   and  in  c u t t i n g   s l u g   56  by  a m a l g a m a t i o n   in   a  d i a m o n d  

i m p r e g n a t e d   m a t r i x   m a t e r i a l   16  f o r m e d   by  h o t   p r e s s i n g   o r  

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

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

s p i r i t   and  s c o p e   of  t h e   i n v e n t i o n .   The  i l l u s t r a t e d   e m b o d i m e n t  

h a s   o n l y   b e e n   shown  by  way  of  an  e x a m p l e   and  s h o u l d   n o t   be  t a k e n  

as  l i m i t i n g   t h e   i n v e n t i o n   w h i c h   i s   d e f i n e d   in   t h e   f o l l o w i n g  

c l a i m s .  



1.  A  d i a m o n d   c u t t e r   f o r   u se   in  a  d r i l l   b i t   c o m p r i s i n g :  

a  p l u r a l i t y   of   t h e r m a l l y   s t a b l e ,   p r e f a b r i c a 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   (PCD)  e l e m e n t s ;   a n d  

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

n a t r i x   m a t e r i a l ,   s a i d   PCD  e l e m e n t s   d i s p o s e d   in  s a i d   c u t t i n g   s l u g  

and  r e t a i n e d   t h e r e i n   by  s a i d   m a t r i x   m a t e r i a l ,  

w h e r e b y   an  e n l a r g e d   d i a m o n d   c u t t e r   may  be  p r o v i d e d   f o r  

n o u n t i n g   in   s a i d   b i t .  

2.  The  c u t t e r   of  C l a i m   1  w h e r e i n   s a i d   m a t r i x   m a t e r i a l  

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

p o r t i o n   of  s a i d   m a t r i x   m a t e r i a l   a d j a c e n t   to   s a i d   c u t t i n g   f a c e   o f  

s a i d   c u t t i n g   s l u g  

3.  The  c u t t e r   of  C l a i m   1  w h e r e i n   s a i d   p l u r a l i t y   of  PCD 

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

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

4..  The  c u t t e r   of  C l a i m   3  w h e r e i n   s a i d   p l u r a l i t y   of  PCD 

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

w h e r e i n   e a c h   PCD  e l e m e n t   is   i m m e d i a t e l y   p r o x i m a t e   to  a t   l e a s t   o n e  

a d j a c e n t   PCD  e l e m e n t .  



5.  The  c u t t e r   of  C l a i m   4  w h e r e i n   s a i d   p l u r a l i t y   of  PCD 

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

p r i s m a t i c   a r r a y .  

6.  The  c u t t e r   of   C l a i m   4  w h e r e i n   s a i d   p l u r a l i t y   of  PCD 

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

p r i s m a t i c   a r r a y .  

7.  The  c u t t e r   of  C l a i m   6  w h e r e i n   s a i d   h e x a g o n a l   a r r a y  

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

s u b a r r a y .  

8.  The  c u t t e r   of   C l a i m   7  w h e r e i n   a  p l u r a l i t y   o f  

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

c o m p o s i t e   a r r a y .  

9.  The  c u t t e r   of  C l a i m   3  w h e r e i n   s a i d   p l u r a l i t y   of  PCD 

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

r e l a t i o n s h i p ,   s a i d   m a t r i x   m a t e r i a l   b e i n g   d i s p o s e d   b e t w e e n   s a i d  

s p a c e d - a p a r t   PCD  e l e m e n t s .  

10.  The  c u t t e r   of  C l a i m   9  w h e r e i n   s a i d   c u t t i n g   s l u g   i s  

f o r m e d   in  t he   s h a p e   of  a  s e m i c i r c u l a r   d i s k .  

11.  T h e - c u t t e r   of  C l a i m   9  w h e r e i n   s a i d   c u t t i n g   s l u g   i s  

f o r m e d   in  t h e   s h a p e   of   a  f u l l   c i r c u l a r   d i s k .  



12.   The  c u t t e r   of  C l a i m   9  w h e r e i n   s a i d   c u t t i n g   s l u g   i s  

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

13.   The  c u t t e r   of   C l a i m   1  w h e r e i n   s a i d   p l u r a l i t y   of  PCD 

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

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

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

p r o x i m a t e   to   a t   l e a s t   one   a d j a c e n t   P C D _ e l e m e n t .  

1 4 .   The  c u t t e r   of  C l a i m   1  w h e r e i n   e a c h   of   s a i d   PCD 

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

15 .   The  c u t t e r   of   C l a i m   1  f u r t h e r   c o m p r i s i n g   a  m a t r i x  

body   b i t   i n c l u d i n g   c u t t i n g   t e e t h   and  w h e r e i n   s a i d   c u t t i n g   s l u g  

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

16 .   The  c u t t e r   of  C l a i m   1  f u r t h e r   c o m p r i s i n g  a   b i t  

b o d y ,   and  a  p l u r a l i t y   of  s t u d s   d i s p o s e d   in  s a i d   b i t   body   w h e r e i n  

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

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

17 .   A  d i a m o n d   c u t t e r   f o r   u se   in  a  d r i l l   b i t   c o m p r i s i n g :  

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

p r e f a b r i c a t e d   e l e m e n t s ;   a n d  

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

c h a r a c t e r i s e d   by  a  c u t t i n g   f a c e ,   s a i d   p l u r a l i t y   of  PCD  e l e m e n t s  

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



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

s a i d   c u t t i n g   f a c e   of  s a i d   c u t t i n g   s l u g ,   s a i d   m a t r i x   m a t e r i a l  

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

c u t t i n g   s l u g   a d j a c e n t   to  s a i d   c u t t i n g   f a c e ,  

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

u n l e a c h e d   PCD  p r o d u c t   can   be  p r o v i d e d   and  c h a r a c t e r i s e d   by  t h e  

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

18.  The  c u t t e r   of  C l a i m   17  w h e r e i n   s a i d   d i a m o n d   g r i t  

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

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

19.  The  c u t t e r   of   C l a i m   18  w h e r e i n   s a i d   p l u r a l i t y   o f  

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

a r r a y   w h e r e i n   e a c h   PCD  e l e m e n t   i s   i m m e d i a t e l y   p r o x i m a t e   to  a t  

l e a s t   one  a d j a c e n t   PCD  e l e m e n t .  

20.  The  c u t t e r   of  C l a i m   18  w h e r e i n  s a i d   p l u r a l i t y   o f  

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

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

d i s p o s e d   b e t w e e n   e a c h   a d j a c e n t   PCD  e l e m e n t   and  no  PCD  e l e m e n t   i s  

i m m e d i a t e l y   p r o x i m a t e   to  any  a d j a c e n t   e l e m e n t .  

21.  The  c u t t e r   of  C l a i m   17  w h e r e i n   s a i d   p l u r a l i t y   o f  

PCD  e l e m e n t s   a r e   a r r a n g e d   and  c o n f i g u r e d   in  s a i d   c u t t i n g   s l u g   i n  

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