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@  A  diamond  cutting  table  having  the  geometric  character- 
istics  of  larger  unleached  diamond  compact  products  and  yet 
characterised  by  the  physical  properties  of  smaller  leached  di- 
amond  products  is  fabricated  by  forming  a  diamond  cutter  in- 
corporating  a  plurality  of  polycrystalline  diamond  (PCD) 
leached  disks  (12).  The  PCD  leached  disks  (12)  are  disposed  in 
array  in  a  cutting  slug  (10)  formed  of  matrix  material  (14).  The 
matrix  material  is  disposed  between  and  around  the  plurality  of 
diamond  disks  (12)  and  in  one  embodiment  incorporates  a 
volume  distribution  of  diamond  grit.  The  cutting  slug  is  hot 
pressed  or  infiltrated  to  form  an  integral  mass  or  table.  The  dia- 
mond  table  is  then  bonded  to  a  cutter  or  directly  molded  into 
an  integral  tooth  within  a  matrix  body  bit. 

0 .  
I l l  

ACTORUM  AG 

  A  diamond  cutting  table  having  the  geometric  character- 
istics  of  larger  unleached  diamond  compact  products  and  yet 
characterised  by  the  physical  properties  of  smaller  leached  di- 
amond  products  is  fabricated  by  forming  a  diamond  cutter  in- 
corporating  a  plurality  of  polycrystalline  diamond  (PCD) 
leached  disks  (12).  The  PCD  leached  disks  (12)  are  disposed  in 
array  in  a  cutting  slug  (10)  formed  of  matrix  material  (14).  The 
matrix  material  is  disposed  between  and  around  the  plurality  of 
diamond  disks  (12)  and  in  one  embodiment  incorporates  a 
volume  distribution  of  diamond  grit.  The  cutting  slug  is  hot 
pressed  or  infiltrated  to  form  an  integral  mass  or  table.  The  dia- 
mond  table  is  then  bonded  to  a  cutter  or  directly  molded  into 
an  integral  tooth  within  a  matrix  body  bit. 



BACKGROUND  OF  THE  INVENTION 

1.  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  the  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 iamond  c u t t e r s   used  on  

r o t a r y   b i t s .  

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

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

w i th   n a t u r a l   d iamonds   of  i n d u s t r i a l   q u a l i t y .   The  d iamonds   w e r e  

s q u a r e ,   round  or  of  i r r e g u l a r   shape   and  f u l l y   embedded  in  a 

m e t a l l i c   b i t   body,   which  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 ,   the  n a t u r a l   d i amonds   w e r e  

of  a  sma l l   s i z e   r a n g i n g   from  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   where  n a t u r a l   d i amonds   of  5  or  6  s t o n e s   per  c a r a t   w e r e  

f u l l y   embedded  in  the  m e t a l   m a t r i x .   B e c a u s e   of  the   sma l l   s i z e   o f  

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

f ace   under   the  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  which  a  d r i l l  

b i t   is  s u b j e c t e d   d u r i n g   rock  d r i l l i n g .  

L a t e r ,   the   c o m m e r c i a l   p r o d u c t i o n   of  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   became   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   diamond  was  s i n t e r e d   i n t o   l a r g e r  

d i s k   s h a p e s   and  were  formed  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  ama lgam  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 .   Such  d iamond  t a b l e s   are   c o m m e r c i a l l y   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   Company  under   the  t r a d e m a r k   STRATAPAX.  The 

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

c o b a l t   c a r b i d e   s lug   and  so ld   as  an  i n t e g r a l   s lug   c u t t e r .   The 

s lug   c u t t e r s   a re   t hen   a t t a c h e d   by  the  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 lug   which   is  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  the  d e s i g n   of  the  b i t   m a n u f a c t u r e r .  

However ,   such  p r i o r   a r t   p o l y c r y s t a l l i n e   d iamond  (PCD) 

compac t   c u t t i n g   s l u g s   a re   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  is   not   p r a c t i c a l   or  p o s s i b l e .  

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

improved   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 iamond  s y n t h e s i z e r s   have  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 iamond  e l e m e n t   from  which  the  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  the  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 emoved .   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 iamond  is   m a n u f a c t u r e d   by  the  G e n e r a l   E l e c t r i c   Company 

under   the  t r a d e m a r k   GEOSET,  for  example   2102  GEOSETS,  which  a r e  

formed  in  the  shape   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  mm  on 

a  s i d e   and  2.6  mm  deep  (3  per  c a r a t ) ,   and  as  a  2103  GEOSET  s h a p e d  



in  the  form  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 de   and  3 .7  mm  deep  (1  per  c a r a t ) .   However ,   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   the  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   the   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   the  diamond  compac t   s lug   c u t t e r s ,   STRATAPAX, 

may  be  formed  in  the  shape   of  c i r c u l a r   d i s k s   of  3 /8"   (9.5  mm)  t o  

1/2"  ( 12 .7   mm)  in  d i a m e t e r ,   the  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,  have  maximum  d i m e n s i o n s   of  4  mm  to  6  mm.  I t  

is  wel l   e s t a b l i s h e d   t h a t   the  c u t t i n g   r a t e   of  a  d iamond  r o t a t i n g  

b i t   is  s u b s t a n t i a l l y   improved   by  the  s i z e   of  the   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   for   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  

the  p r i o r   a r t ,   the   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  

diamond  p r o d u c t s   has  been  a c h i e v e d   only   a t   the  s a c r i f i c e   of  t h e  

s i z e   of  the  d iamond  e l e m e n t s   and  t h e r e f o r e   the  amount   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   for   u s e f u l   c u t t i n g   a c t i o n .  

What  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  the  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 iamond  p r o d u c t s ,   and  ye t   has  the  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   which  is  c h a r a c t e r i s e d   by  the  l a r g e r  

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



BRIEF  SUMMARY  OF  THE  INVENTION 

The  i n v e n t i o n   is  a  c u t t e r   for   use  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   PCD  d i s k s .   A  c u t t i n g  

slug  is   fo rmed   of  m a t r i x   m a t e r i a l   and  the  p l u r a l i t y   of  d i a m o n d  

d i s k s   are   d i s p o s e d   in  the  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 l   a l s o  

i n c o r p o r a t e s   d iamond  g r i t   in  at  l e a s t   t h a t   p o r t i o n   of  the  c u t t i n g  

s lug  in  the   p r o x i m i t y   where  the  d iamond  d i s k s   are  e x p o s e d ,   n a m e l y  

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

e l e m e n t s ,   an  e n l a r g e d   c u t t e r   is  f a b r i c a t e d   for   m o u n t i n g   w i t h i n  

the   d r i l l   b i t .  

In  p a r t i c u l a r ,   the   i n v e n t i o n   is  a  d iamond  c u t t e r   in  a 

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

p r e f a b r i c a t e d   s y n t h e t i c   d i s k s   each  h a v i n g   at   l e a s t   one  e n d  

s u r f a c e .   A  c u t t i n g   s lug   is  formed  of  m a t r i x   m a t e r i a l   and  t h e  

p l u r a l i t y   of  PCD  d i s k s   are   d i s p o s e d   in  the  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 l   f i l l s   t h e   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   t h e  

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

c h a r a c t e r i s e d   by  h a v i n g   a  c u t t i n g   f ace   w h e r e i n   the   one  e n d  

s u r f a c e   of  e a c h   of  the  PCD  d i s k s   is   f u l l y   e x p o s e d   on  the  c u t t i n g  

f a c e .   The  m a t r i x   m a t e r i a l ,   which  forms  the  c u t t i n g   s l u g ,   f u r t h e r  

c o m p r i s e s   and  i n c l u d e s   d iamond  g r i t   which  is  i n c o r p o r a t e d   a t  

l e a s t   in  t h a t   p o r t i o n   of  the  c u t t i n g   s lug   in  the  p r o x i m i t y   of  t h e  

c u t t i n g   f a c e .   P r e f e r a b l y ,   t he   d i a m o n d   g r i t   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   the  m a t r i x   m a t e r i a l .   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 ,   an  e n l a r g e d   diamond  t a b l e   is  p r o v i d e d   a s  



a  c u t t e r   for   m o u n t i n g   the  r o t a r y   b i t .  

These   and  o t h e r   embod imen t s   of  the  i n v e n t i o n   are  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  f o l l o w i n g   d r a w i n g 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 .  



BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

F i g u r e   1  i s   a  p e r s p e c t i v e   view  of  a  m u l t i c o m p o n e n t  

c u t t i n g   e l e m e n t   formed  in  the  shape   of  a  c i r c u l a r   d i s k   a c c o r d i n g  

to  the  i n v e n t i o n .  

F i g u r e   2  i s   a  s i d e   s e c t i o n a l   v i ew   of  t he   d i s k  

i l l u s t r a t e d   in  F i g u r e   1  shown  a s  a t t a c h e d   to  a  s t u d   c u t t e r .  

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

c u t t i n g   e l e m e n t   of  the   type   shown  in  F i g u r e   I  mounted   in  m a t r i x  

t o o t h   i n t e g r a l l y   formed  in  an  i n f i l t r a t e d   m a t r i x   b i t .  

F i g u r e   4  i s   a  p e r s p e c t i v e   view  of  a  s econd   embodiment   o f  

the  i n v e n t i o n   showing   a  t r i a n g u l a r   shaped   m u l t i c o m p o n e n t   c u t t i n g  

e l e m e n t .  

F i g u r e   5  is   a  t h i r d   embod imen t   of  the   i n v e n t i o n   s h o w i n g  

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

e l e m e n t .  

These   and  o t h e r   e m b o d i m e n t s   can  b e s t   be  u n d e r s t o o d   by 

v i e w i n g   the   above   d r a w i n g s   in  l i g h t   of  the  f o l l o w i n g   d e s c r i p t i o n .  



DETAILED  DESCRIPTION  OF  THE  PREFERRED  EMBODIMENTS 

The  i n v e n t i o n   is  an  e n l a r g e d   diamond  c u t t e r   c o m p r i s e d   o f  

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

or  l e a c h e d   PCD  d i s k s   a r r a n g e d   in  a r r a y   w i t h i n   a  c u t t i n g   s lug   o r  

t a b l e .   The  s lug   in  t u r n   is  c o m p r i s e d   of  m e t a l l i c   powder  which  i s  

i n f i l t r a t e d ,   molded  or  p r e s s e d   abou t   the  a r r a y   of  PCD  d i s k s   t o  

form  an  a m a l g a m a t e d   i n t e g r a l   mass .   The  m u l t i p l e   edges   of  the  PCD 

d i s k s   tend  to  i n c r e a s e   the  t o t a l   d iamond  c u t t i n g   p e r i m e t e r .  

The  i n v e n t i o n   can  b e t t e r   be  u n d e r s t o o d   by  t u r n i n g   f i r s t  

to  the  i l l u s t r a t e d   embod imen t   of  F i g u r e   1.  In  F i g u r e   1  a 

p e r s p e c t i v e   view  of  a  d iamond  t a b l e   or  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   10,  is   d e p i c t e d .   C u t t i n g   s lug   10  i s  

c o m p r i s e d   of  an  a r r a y   of  PCD  e l e m e n t s   12.  In  the  i l l u s t r a t e d  

e m b o d i m e n t ,   e l e m e n t s   12  a re   r i g h t ,   c i r c u l a r   c y l i n d r i c a l   d i s k s  

which  are  c o m p r i s e d   of  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  

formed  in  a  d iamond  p r e s s .   Such  m a t e r i a l   is  of  s u b s t a n t i a l l y   t h e  

same  c o m p o s i t i o n   as  s y n t h e t i c   d iamond  made  and  so ld   by  G e n e r a l  

E l e c t r i c   Company  under   the  t r a d e m a r k   GEOSET,  or  by  v a r i o u s  

M i n i s t r i e s   of  the  P e o p l e s   of  the  P e o p l e ' s   R e p u b l i c   of  Ch ina .   I n  

the  case  of  s y n t h e t i c   d iamond  m a t e r i a l   a v a i l a b l e   from  C h i n a ,   t h e  

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

a p p r o x i m a t e l y   0.07  inch  ( 2 . 0 0   mm)  to  0 .394   i nch   ( 1 0 . 0   mm)  i n  

l e n g t h   and  0 .078"   to  0 . 3 1 5 "   (2mm  to  8mm)  in  d i a m e t e r .   T h e s e  

r o d - l i k e   s h a p e s   can  then   be  s e c t i o n e d   to  form  c y l i n d r i c a l   d i s k  

e l e m e n t s   12  to  any  d e s i r e d   t h i c k n e s s   by  l a s e r - c u t t i n g ,  



e l e c t r o d i s c h a r g e   m a c h i n i n g   or  o t h e r   e q u i v a l e n t   m e a n s .   F o r  

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 ,   d i s k   diamond  e l e m e n t s   12 

are   0 .157"   (4mm)  in  d i a m e t e r   and  0 .039"   (lmm)  t h i c k .  

C u t t i n g   s lug   10  in  the  embod imen t   of  F i g u r e   1  has  an  

o v e r a l l   g e o m e t r i c   shape   of  a  r i g h t   c i r c u l a r   c y l i n d r i c a l   d i s k .   I n  

the  i l l u s t r a t e d   e m b o d i m e n t ,   the   t h i c k n e s s   of  c u t t i n g   s lug   10  i s  

s u b s t a n t i a l l y   e q u a l   to  the   t h i c k n e s s   of  d iamond  e l e m e n t s   1 2 ,  

a l t h o u g h   i t   c o u l d   be  i n c r e a s e d   or  d e c r e a s e d   i f   d e s i r e d .   D iamond  

e l e m e n t s   12  a re   d i s p o s e d   in  c u t t i n g   the  s lug   10  in  an  a r r a y   w h i c h  

may  be  c o m p a c t l y   f o r m e d ,   w h e r e i n   each  d iamond  e l e m e n t   12  c o n t a c t s  

or  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   one  a d j a c e n t   d i a m o n d  

e l e m e n t .   PCD  e l e m e n t s   in  the  i n v e n t i o n   in  a  compac t   a r r a y   may 

a c t u a l l y   t o u c h   each  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   o f  

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  the   a d j a c e n t   e l e m e n t s  

t o g e t h h e r .   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 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   be  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 l t e r n a t i v e l y ,   the  a r r a y   of  d iamond  e l e m e n t s   12  cou ld   be  

p l a c e d   w i t h i n   c u t t i n g   s l u g   10  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 o  

t h a t   no  two  a d j a c e n t   e l e m e n t s   c o n t a c t e d   each  o t h e r   and  t h e  

i n t e r s t i t i a l   s p a c e   b e t w e e n   d iamond  e l e m e n t s   12  is  c o m p l e t e l y  

f i l l e d   by  m a t r i x   m a t e r i a l   14.  In  a d d i t i o n ,   d iamond  c o v e r a g e   c a n  

be  e x t e n d e d   by  u s i n g   f r a c t i o n a l   p o r t i o n s   of  whole  d i s c s   w h e r e  

a p p r o p r i a t e .   M a t r i x   m a t e r i a l   14  is   an  amalgam  of  powdered   m e t a l s  

we l l   known  to  the  a r t ,   p r i n c i p a l l y   c o m p r i s e d   of  t u n g s t e n   c a r b i d e .  



Other   e l e m e n t s   and  compounds  may  be  added  as  we l l   to  e f f e c t   t h e  

p h y s i c a l / c h e m i c a l   p r o p e r t i e s   of  m a t r i x   m a t e r i a l   14  as  r e q u i r e d .  

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

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

g r i t .   Any  mesh  or  g r i t   s i z e   we l l   known  to  the  a r t   may  be  u s e d  

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

d e t e r m i n e d   by  wel l   known  p r i n c i p l e s .   In  g e n e r a l ,   a  g r i t   s i z e   o f  

0 .01  i nch   ( 0 . 0 0 2 5 4   mm)  to  0 .05   (1 ,27   mm)  inch   in  d i a m e t e r   i s  

e m p l o y e d .   A  diamond  g r i t   i n c o r p o r a t e d   or  i m p r e g n a t e d   w i t h i n  

m a t r i x   m a t e r i a l   14  is  d i s p o s e d   t h e r e i n   in  a  d i s p e r s i o n   at   l e a s t  

w i t h i n   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   14  f o r m i n g   a  l a y e r   n e a r  

c u t t i n g   f a c e   16  of  c u t t i n g   s l u g   10.  In  t he   p r e f e r r e d  

e m b o d i m e n t s ,   the   g r i t   is  u n i f o r m l y   d i s t r i b u t e d   t h r o u g h o u t   t h e  

volume  of  the  m a t r i x   m a t e r i a l   at   a  c o n c e n t r a t i o n   of  50%  to  100% 

by  vo lume .   C u t t i n g   face   16  is  t hus   c o m p r i s e d   of  the   e x p o s e d   e n d  

f a c e s   18  of  each  diamond  e l e m e n t   12  and  the  i n t e r s t i t i a l   e x p o s e d  

s u r f a c e   of  d i a m o n d   b e a r i n g   m a t r i x   m a t e r i a l   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 ,   d iamond  g r i t   is  s u b s t a n t i a l l y   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   the  e n t i r e   volume  of  m a t r i x   m a t e r i a l   14  a n d  

not  m e r e l y   in  the  p r o x i m i t y   of  c u t t i n g   f a c e   1 6 .  

C u t t i n g   s lug   10  of  the   e m b o d i m e n t   of  F i g u r e   1-may  be  

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

t e c h n i q u e s .   C o n s i d e r   f i r s t   f a b r i c a t i o n   by  ho t   p r e s s i n g .   A 

ca rbon   mold ,   in  which  a  r i g h t   c i r c u l a r   c y l i n d r i c a l   c a v i t y   i s  

d e f i n e d ,   is  f a b r i c a t e d   wi th   m o v a b l e   end  p i e c e s   or  a n v i l s .  



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   12,  w h i c h   a r e  

p r e f a b r i c a t e d ,   t y p i c a l l y   in  a  d iamond  p r e s s ,   a re   then   p l a c e d  

w i t h i n   the   c y l i n d r i c a l   c a v i t y   d e f i n e d   in  the  c a r b o n   mold .   The  

p l a c e m e n t   may  be  in  a  compac t   a r r a y   or  spaced   a p a r t   a r r a y   or  s u c h  

o t h e r   a r r a n g e m e n t   as  may  be  deemed  a p p r o p r i a t e .   T h e r e a f t e r ,  

powder  m e t a l   in  which   the  d iamond  g r i t   is  u n i f o r m l y   mixed  i s  

p l a c e d   in  the   mold  b e t w e e n   d iamond  e l e m e n t s   12  and  at   l e a s t   a b o v e  

or  below  the   e l e m e n t s .   A  g r e a t e r   d e p t h   of  the  d iamond  b e a r i n g  

m a t r i x   powder  i s   l o a d e d   in  the   mold ,   than   the  t h i c k n e s s   o f  

d i a m o n d   e l e m e n t s   12  in   o r d e r   to  a c c o u n t   f o r   t h e   h i g h e r  

c o m p r e s s a b i l i t y   of  t he   m a t r i x   powder  as  compared   to  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 s   12.  S e a l i n g   a n v i l s   are   then   p l a c e d   on 

the   top  or  b o t t o m   or  bo th   ends   of  the   c y l i n d r i c a l   c a v i t y   of  t h e  

f i l l e d   c a r b o n   mold  and  the  mold  and  a n v i l s   are   then   p l a c e d   w i t h i n  

a  hot   p r e s s .   The  f i l l e d   mold  and  i t s   c o n t e n t s   are   then  h e a t e d   by  

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

p r e s s u r e   and  t e m p e r a t u r e   c a u s e s   the   m a t r i x   powder  to  a m a l g a m a t e  

and  c o m p r e s s   to  form  the  c i r c u l a r   d i s k   d e p i c t e d   as  c u t t i n g   s l u g  

10  in  F i g u r e   1.  The  p r e s s u r e s   and  t e m p e r a t u r e s   used  in  the  h o t  

p r e s s   a re   we l l   o u t s i d e   the  d iamond  s y n t h e s i s   phase   r e g i o n s   and  no  

a p p r e c i a b l e   amount  of  d iamond  is   e i t h e r   s y n t h e s i z e d   or  c o n v e r t e d  

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

200  ps i   is   e x e r t e d   upon  the  c o n t e n t s   of  the  f i l l e d   mold  which  i s  

h e l d   at  1900°  F  for   3  m i n u t e s .   The  r e s u l t   is  a  m u l t i - c o m p o n e n t  

a r r a y   of  PCD  e l e m e n t s   12  in  a  c i r c u l a r   c y l i n d r i c a l   d i s k   10  o f  

a p p r o x i m a t e l y   0 . 5 1 2 °   (13mm)  in  d i a m e t e r .  



The  same  d i s k   may  be  f a b r i c a t e d   by  c o n v e n t i o n a l  

i n f i l t r a t i o n   t e c h n i q u e s   w h e r e i n   d iamond  e l e m e n t s   12  are  a g a i n   s e t  

w i t h i n   a  c a r b o n   mold  which  is  b a c k f i l l e d   wi th   m a t r i x   powder .   The  

f i l l e d   mold  is  then  p r e s s e d   and  the  powder  a l l o w e d   to  s e t t l e   a n d  

i n f i l t r a t e   to  form  an  a m a l g a m a t e d   s i n t e r e d   mass  hav ing   the  s h a p e  

as  d e f i n e d   by  the  m o l d .  

Turn  now  to  F i g u r e   2  w h e r e i n   c u t t i n g   s lug  10  i s   shown  i n  

s e c t i o n a l   s i d e   v iew.   C u t t i n g   s l u g   10  may  be  bonded  by  s o l d e r i n g  

or  b r a z i n g   to  a  s t e e l   or  t u n g s t e n   c a r b i d e   s tud   20  w e l l   known  t o  

the  a r t .   Stud  20  in  t u r n   is  d i s p o s e d   w i t h i n   a  d r i l l   b i t   body  by  

p r e s s   f i t t i n g ,   b r a z i n g   or  o t h e r   we l l   known  m e t h o d s .   C u t t i n g   s l u g  

10  in  the  i l l u s t r a t e d   e m b o d i m e n t   is  bonded  to  s t u d   20  by  b r a z e   o r  

s o l d e r   fo rming   a  b o n d i n g   l a y e r   22  shown  in  e x a g g e r a t e d   s e c t i o n a l  

view  in  F i g u r e   2.  C u t t i n g   f ace   16  is  thus   f u l l y   e x p o s e d   and  

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

t e m p e r a t u r e - s t a b l e   and  improved   l e a c h e d   diamond  e l e m e n t s   12,  a n  

e n l a r g e d   c u t t i n g   s lug   10  of  a  s i z e   c o m p a r a b l e   or  g r e a t e r   t h a n  

p r e s e n t l y   a v a i l a b l e   d iamond  compac t   c u t t e r s ,   such  as  STRATAPAX 

c u t t e r s ,   can  be  employed   in  c o n v e n t i o n a l   b i t   d e s i g n s   or  i n  

c o m b i n a t i o n   wi th   c o n v e n t i o n a l   s tud   c u t t e r s   as  i l l u s t r a t e d   i n  

F i g u r e   2 .  

F i g u r e   3  shows  a  s i d e   s e c t i o n a l   view  of  c u t t i n g   s lug   10 

as  d i s p o s e d   w i t h i n   an  i n f i l t r a t e d   m a t r i x   body  b i t .   Only  t h e  

t o o t h   p o r t i o n   of  the  m a t r i x   body  is  i l l u s t r a t e d .   C u t t i n g   s lug   10 

is   d i s p o s e d   in  a  c a r b o n   mold  a c c o r d i n g   to  c o n v e n t i o n a l  



i n f i l t r a t i o n   t e c h n i q u e s .   T h e r e a f t e r ,   the  mold  is  f i l l e d   wi th   a 

me ta l   m a t r i x .   The  f i l l e d   mold  is  t hen   f u r n a c e d   a l l o w i n g   t h e  

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

t h r o u g h   the  mold  to  form  an  i n t e g r a l   mass .   As  i l l u s t r a t e d   i n  

F i g u r e   3,  c u t t i n g   s l u g   10  t h u s   becomes  bonded  to  the  i n t e g r a l  

mass  of  the   m a t r i x   body  and  is  embedded  t h e r e i n   a c c o r d i n g   to  t h e  

b i t   d e s i g n   and  t o o t h   s t r u c t u r e   d e f i n e d   w i t h i n   the   mold .   Fo r  

e x a m p l e ,   in  the  i l l u s t r a t e d   embod imen t   of  F i g u r e   3,  c u t t i n g   s l u g  

10  is  f u l l y   e x p o s e d   above  s u r f a c e   24  of  the  b i t   and  is  p r o v i d e d  

wi th   a  t r a i l i n g ,   i n t e g r a l l y   formed  p o r t i o n   26  to  p r o v i d e   a  

b a c k i n g   and  s u p p o r t   for   c u t t i n g   s lug   10.  C u t t i n g   f a c e   16  t h u s   i s  

f u l l y   e x p o s e d   and  fo rms   the   f o r w a r d   moving  s u r f a c e   of  t h e  

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

s i z e   and  g e o m e t r i c . s h a p e   h e r e t o f o r e   c h a r a c t e r i s e d   on ly   by  d i a m o n d  

compact   s t u d   c u t t e r s   which   c o u l d   not   be  f a b r i c a t e d   w i t h i n   a n  

i n f i l t r a t i o n   m a t r i x   b i t   b e c a u s e   of  t h e i r   poor  t h e r m a l   s t a b i l i t y .  

Turn  now  to  the  s econd   embod imen t   of  F i g u r e   4  w h e r e i n   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   28,  i s  

formed  in  the   shape   of  a  t r i a g u l a r   t a b l e .   A g a i n ,   a  p l u r a l i t y   o f  

s y n t h e t i c   PCD  r i g h t   c i r c u l a r   d i s k s   12  a re   d i s p o s e d   w i t h i n   c u t t i n g  

s lug   28.  Diamond  e l e m e n t s   12  a re   d i s p o s e d   in  an  a r r a y   which  may 

e i t h e r   be  c o m p a c t l y   formed  or  s p a c e d - a p a r t .   The  i n t e r s t i t i a l  

space   b e t w e e n   and  a b o u t   d iamond  e l e m e n t s   12  w i t h i n   c u t t i n g   s l u g  

28  is  c o m p r i s e d   of  a  m e t a l l i c   d iamond  b e a r i n g   m a t r i x   14  d e s c r i b e d  

above .   As  b e f o r e ,   d iamond  e l e m e n t s   12  have  at   l e a s t   one  c i r c u l a r  

end  f ace   e x p o s e d   on  c u t t i n g   f a c e   30  of  c u t t i n g   s lug   28.  The  



t h i c k n e s s   of  s l u g s   28  may  be  s u b s t a n t i a l l y   equa l   to  the  t h i c k n e s s  

of  diamond  e l e m e n t s   12.  A g a i n ,   c u t t i n g   s lug   28  may  be  formed  by 

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 s   and  t h e n  

mounted  on  a  s tud   in  the  manner   as  shown  in  c o n n e c t i o n   w i t h  

F i g u r e   2  or  d i r e c t l y   d i s p o s e d   w i t h i n   an  i n f i l t r a t e d   m a t r i x   b o d y  

b i t   as  d e s c r i b e d   in  c o n n e c t i o n   wi th   F i g u r e   3 .  

F i g u r e   5  i l l u s t r a t e s   a  t h i r d   embod imen t   of  the  i n v e n t i o n  

w h e r e i n   a  d iamond  t a b l e   or  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  a 

r e f e r e n c e   n u m e r a l   32,  is  formed  in  a  r e c t a n g u l a r   or  s q u a r e   s h a p e .  

The  same  c i r c u l a r   d iamond  e l e m e n t s   12  as  d e s c r i b e d   above  a r e  

d i s p o s e d   w i t h i n   c u t t i n g   s lug   32  in  an  a r r a y   wi th   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   and  a round   d iamond  e l e m e n t s   12  f i l l e d   wi th   a 

diamond  b e a r i n g   m a t r i x   m a t e r i a l   14.  The  embod imen t   of  F i g u r e   5 

d i f f e r s   only   from  t h a t   of  F i g u r e   4  and  F i g u r e   1  by  the  o v e r a l l  

g r o s s   g e o m e t r i c   o u t l i n e   of  t h e  c u t t i n g   s lug   and  not   by  any  d e t a i l  

of  i t s   c o n s t i t u e n t s   or  mode  of  f a b r i c a t i o n .   A g a i n ,   the  c u t t i n g  

s lug  is  f a b r i c a t e d   u s i n g   i n f i l t r a t i o n   or  hot   p r e s s   t e c h n i q u e s   a n d  

can  then  be  mounted  on  a  s tud   c u t t e r   in  the  manner  b r i e f l y  

d e s c r i b e d   in  F i g u r e   2  or  d i r e c t l y   in  a  m a t r i x   b i t   as  s u g g e s t e d   i n  

F i g u r e   3 .  

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

hav ing   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  t h e  

s p i r i t   and  scope   of  the  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  

has  been  shown  only   for  the  p u r p o s e s   of  c l a r i t y   and  example   and  

s h o u l d   not  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   which  is  d e f i n e d   i n  



the   f o l l o w i n g   c l a i m s .  



1.  A  c u t t e r   for  use  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 o l y c r y s t a l l i n e   d i a m o n d  

(PCD)  d i s k s ;   a n d  

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

of  d iamond  d i s k 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 ,  

whe reby   an  e n l a r g e d   c u t t e r   is  f a b r i c a t e d   for   m o u n t i n g  

w i t h i n   s a i d   d r i l l   b i t .  

2.  The  c u t t e r   of  Claim  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 e s   d iamond  g r i t   in  a t   l e a s t   t h a t   p o r t i o n   of  s a i d  

c u t t i n g   s lug   where  sa id   diamond  d i s k s   are   e x p o s e d .  

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

d i s k s   a r e  e a c h   formed  of  p r e f a b r i c a t e d   s y n t h e t i c   PCD  formed  a s  

r i g h t   c i r c u l a r   d i s k s .  

4.  The  c u t t e r   of  Claim  1  w h e r e i n   s a i d   c u t t i n g   s l u g  

formed  of  s a i d   m a t r i x   m a t e r i a l   is  c h a r a c t e r i s e d   by  a  g r o s s  

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

5.  The  c u t t e r   of  Claim  3  w h e r e i n   s a i d   c u t t i n g   s l u g  

formed  of  s a i d   m a t r i x   m a t e r i a l   is  c h a r a c t e r i s e d   by  a  g r o s s  

g e o m e t r i c   o u t l i n e   in  the  shape  of  a  t r i a n g u l a r   t a b l e .  



6.  The  c u t t e r   of  Claim  3  w h e r e i n   s a i d   c u t t i n g   s l u g  

formed  of  s a i d   m a t r i x   m a t e r i a l   is  f u r t h e r   c h a r a c t e r i s e d   as  h a v i n g  

a  g r o s s   g e o m e t r i c   shape   in  the  form  of  a  r e c t a n g u l a r   t a b l e .  

7.  The  c u t t e r   of  Cla im  3  w h e r e i n   s a i d   c i r c u l a r   d i s k s  

are  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 lug   in  an  a r r a y ,   s a i d   a r r a y  

d i s p o s e d   in  compac t   form  w h e r e i n   each  of  s a i d   PCD  d i s k s   i s  

i m m e d i a t e l y   p r o x i m a t e   to  at   l e a s t   one  PCD  d i s k .  

8.  The  c u t t e r   of  Cla im  3  w h e r e i n   s a i d   PCD  d i s k s   a r e  

d i s p o s e d   in  an  a r r a y   in  s a i d   c u t t i n g   s lug   w h e r e i n   s a i d   PCD  d i s k s  

are  formed  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  

d i s p o s e d   b e t w e e n   each  PCD  d i s k   and  no  two  PCD  d i s k s   b e i n g   i n  

i m m e d i a t e   p r o x i m i t y   wi th   any  o t h e r .  

9.  The  c u t t e r   of  Claim  1  w h e r e i n   s a id   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   s a i d   d iamond  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   u n i f o r m l y   t h r o u g h o u t   s a i d   c u t t i n g   s l u g .  

10.  The  c u t t e r   of  Cla im  1  w h e r e i n   s a id   c u t t i n g   s lug   i s  

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   d iamond  g r i t   d i s p o s e d   i n  

s a i d   m a t r i x   m a t e r i a l   be ing   d i s p o s e d   on ly   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 lug   in  the  p r o x i m i t y   of  s a i d   c u t t i n g   f a c e .  

11.  The  c u t t e r   of  Cla im  1  w h e r e i n   each  of  s a i d  

p l u r a l i t y   of  .PCD  d i s k s   has  a t   l e a s t   one  end  s u r f a c e   and  w h e r e i n  

s a i d   c u t t i n g   s lug   is   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   o n e  



end  s u r f a c e   of  each  d i s k   be ing   f u l l y   exposed   on  sa id   c u t t i n g  

f a c e .  

12.  The  c u t t e r   of  Claim  1  w h e r e i n   s a i d   c u t t i n g   s lug   i s  

mounted   on  a  s tud   c u t t e r .  

13.  The  c u t t e r   of  Claim  1  w h e r e i n   s a i d   c u t t i n g   s lug   i s  

d i s p o s e d   w i t h i n   a  m a t r i x   body  t o o t h .  

14.  A  d iamond  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 i n g :  

a  p l u r a l i t y   of  c i r c u l a r   l e a c h e d ,   p r e f a b r i c a t e d   PCD 

s y n t h e t i c   d i s k s   each  hav ing   at  l e a s t   one  end  s u r f a c e ;   a n d  

a  c u t t i n g   s lug   formed  of  m a t r i x   m a t e r i a l ,   s a i d   p l u r a l i t y  

of  PCD  d i s k s   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   and  s a id   m a t r i x  

m a t e r i a l   f i l l i n g   b e t w e e n   s a i d   p l u r a l i t y   of  PCD  d i s k s ,   s a i d  

c u t t i n g   s lug   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   one  end  

s u r f a c e   of  s a i d   PCD  d i s k s   f u l l y   exposed   on  s a i d   c u t t i n g   f a c e ,  

s a i d   m a t r i x   m a t e r i a l   f o rming   s a id   c u t t i n g   s lug   f u r t h e r   c o m p r i s i n g  

diamond  g r i t   i n c o r p o r a t e d   at  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 lug   in  the  p r o x i m i t y   of  s a i d   c u t t i n g   f a c e ,  

whe reby   an  e n l a r g e d   d iamond  c u t t e r   is  p r o v i d e d   f o r  

moun t ing   in  s a i d   b i t .  

15.  The  c u t t e r   of  Claim  14  w h e r e i n   s a i d   diamond  g r i t  

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

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

s l u g .  



16.  The  c u t t e r   of  Claim  15  w h e r e i n   s a i d   c u t t i n g   s lug  i s  

c h a r a c t e r i s e d   by  a  t h i c k n e s s   s u b s t a n t i a l l y   e q u a l   to  the  t h i c k n e s s  

of  s a i d   PCD  d i s k s .  

17.  The  c u t t e r   of  Claim  16  w h e r e i n   s a i d   c u t t i n g   s l u g  

forms  a  r e g u l a r   g e o m e t r i c   s h a p e ,   whereby   s a i d   diamond  c u t t e r  

s i m u l a t e s   an  i n t e g r a l   d iamond  t a b l e .  

18.  The  c u t t e r   of  Claim  17  w h e r e i n   s a i d   c u t t i n g   s lug   i s  

bonded  to  a  s t u d   c u t t e r .  

19.  The  c u t t e r   of  Claim  17  w h e r e i n   s a i d   c u t t i n g   s lug   i s  

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

body  b i t .  

20.  The  c u t t e r   of  Claim  17  w h e r e i n   s a i d   PCD  c i r c u l a r  
. 

d i s k s   a re   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 lug   in  a  compact   a r r a y  

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

one  a d j a c e n t   PCD  d i s k .  

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

PCD  c i r c u l a r   d i s k s   are  d i s p o s e d   in  an  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 ,   s a i d   d iamond  b e a r i n g   m a t r i x  

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

a p a r t   PCD  c i r c u l a r   d i s k s ,   no  one  PCD  c i r c u l a r   d i s k   b e i n g  

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