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@)  An  exposed  polycrystalline  diamond  mounted  in  a  matrix  body  drill  bit. 

  A  polycrystalline  diamond  body  (10)  is  securely  retain- 
ed  on  the  surface  (17)  of  a  matric  body  bit  (11)  while  being 
substantially  exposed  and  unsupported  above  the  matrix 
surface  (18)  by  partial,  unsupported  disposition  of  the  dia- 
mond  body  (10)  below  the  surface  (20)  of the  matrix  material 
(18)  in  such  a  manner  that  at  least  two  locking  points  (26)  on 
the  diamond  body  (10)  and  between  the  diamond  body  (10) 
and  matrix  material  (18)  are  established.  More  particularly, 
depending  upon  the  geometric  shape  of  the  diamond  body 
(10),  the  diamond  body  (10)  is  disposed  within  the  matrix 
material  (18)  and  extends  above  the  surface  (20)  of  the  ma- 
trix  material  (18)  by  at  least  50%  of  the  volume  of  the  dia- 
mond  (10)  and  at  an  orientation  such  that  one  or  more  sides 
or  surfaces  (14)  of  the  diamond  body  (10)  are  inclined  with 
respect  to  the  normal  to  the  surface  (20)  of  the  matrix  mate- 
rial  (18),  so  that  when  the  matrix  material  (18)  is  molded 
about  the  inclined  surfaces  (14)  of  the  diamond  body  (10)  a 
locking  wedge  is  formed  thereover. 



BACKGROUND  OF  THE  INVENTION 

1.  F i e l d   of  t he   I n v e n t i o n  

The  i n v e n t i o n   r e l a t e s   to  f i e l d   of  e a r t h   b o r i n g   t o o l s ,  

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

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

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

The  use   of  d i a m o n d s   in  d r i l l i n g   p r o d u c t s   i s   w e l l   k n o w n .  

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

(SCD)  and  p o l y c r y s t a l l i n e   d i a m o n d s   (PCD)  have   become  c o m m e r c i a l l y  

a v a i l a b l e   f rom  v a r i o u s   s o u r c e s   and  have   been   u sed   in  s u c h  

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

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

to  c r u s h i n g   in  the   c a s e   of  a  r o l l e r   cone  b i t ,   w h e r e a s   s y n t h e t i c  

d i a m o n d s   t e n d   to  cu t   by  a  s h e a r i n g   a c t i o n . . I n   the   c a s e   of  r o c k  

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

r e q u i r e d   to  f a i l   t he   rock   in  s h e a r   t h a n   in  c o m p r e s s i o n .  

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

has   become  a v a i l a b l e   c o m m e r c i a l l y   some  of  wh ich   a re   a v a i l a b l e   a s  

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



f r a c t u r e s   on  ( 1 1 1 ) ,   ( 1 1 0 )  a n d   (100)   p l a n e s   w h e r e a s   PCD  t e n d s   t o  

be  i s o t r o p i c  a n d   e x h i b i t s   t h i s   same  c l e a v a g e   b u t   on  a  m i c r o s c a l e  

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

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

p o l i s h i n g   and  a i d s   in  c u t t i n g .   Such  p r o d u c t s   a r e  d e s c r i b e d ,   f o r  

e x a m p l e ,   i n   U . S .   P a t e n t s   3 , 9 1 3 , 2 8 0 ;   3 , 7 4 5 , 6 2 3 ;   3 , 8 1 6 , 0 8 5 ;  

4 , 1 0 4 , 3 4 4   and  4 , 2 2 4 , 3 8 0 .  

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

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

u n d e r   h e a t   and  p r e s s u r e   and  in  t he   p r e s e n c e   of  a  s o l v e n t / c a t a l y s t  

to  form  t h e   p o l y c r y s t a l l i n e   s t r u c t u r e .   In  one  form  of  p r o d u c t ,  

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

d i s t r i b u t e d   e s s e n t i a l l y   in   t h e   i n t e r s t i c e s   w h e r e   a d j a c e n t  

c r y s t a l s   h a v e  n o t   b o n d e d   t o g e t h e r .  

In  a n o t h e r   f o r m ,   as  d e s c r i b e d   f o r   e x a m p l e   in  U.  S .  

P a t e n t s   3 , 7 4 5 , 6 2 3 ;   3 , 8 1 6 , 0 8 5 ;   3 , 9 1 3 , 2 8 0 ;   4 , 1 0 4 , 2 2 3   and  4 , 2 2 4 , 3 8 0  

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

a c h i e v e d   by  d i s s o l v i n g   ou t   t he   n o n d i a m o n d   m a t e r i a l   or  a t   l e a s t   a  

p o r t i o n   t h e r e o f ,   as  d i s c l o s e d   f o r   e x a m p l e ,   in  U.  S.  3 , 7 4 5 , 6 2 3 ;  

4 , 1 0 4 , 3 4 4   and  4 , 2 2 4 , 3 8 0 .   For  c o n v e n i e n c e ,   s u c h   a  m a t e r i a l   may  b e  

d e s c r i b e d   as  a  p o r o u s   P C D , ' a s   r e f e r e n c e d   i n  U . S .   4 , 2 2 4 , 3 8 0 .  

P o l y c r y s t a l l i n e   d i a m o n d s   have   been   u sed   in  d r i l l i n g  

p r o d u c t s   e i t h e r .   as  i n d i v i d u a l   e l e m e n t s   or  as  r e l a t i v e l y   t h i n   PCD 

t a b l e s   s u p p o r t e d   on  a  c e m e n t e d   t u n g s t e n   c a r b i d e   (WC)  s u p p o r t  



b a c k i n g s .   In  one  f o r m ,   t he   PCD  c o m p a c t   i s   s u p p o r t e d   on  a  

c y l i n d r i c a l   s l u g   a b o u t   13 .3   mm  in  d i a m e t e r   and  a b o u t   3  mm  l o n g ,  

w i t h   a .PCD  t a b l e   of  a b o u t   0 .5   to  0 .6   mm  in  c r o s s   s e c t i o n   on  t h e  

f a c e   of  t he   c u t t e r .   In  a n o t h e r   v e r s i o n ,   a  s t u d   c u t t e r ,   the   PCD 

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

c a r b i d e   of  a b o u t   3  mm  by  13 .3   mm  in  d i a m e t e r   by  26mm  in  o v e r a l l  

l e n g t h .   T h e s e   c y l i n d r i c a l   PCD  t a b l e   f a c e d   c u t t e r s   have   been   u s e d  

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

f o r m a t i o n s .  

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

have   been  used   as  s u b s t i t u t e s   fo r   n a t u r a l   d i a m o n d s   in  c e r t a i n  

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

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

c a r a t   s i z e   or  w e i g h t .   In  g e n e r a l ,   n a t u r a l   d i a m o n d ,   a v a i l a b l e   i n  

a  wide  v a r i e t y   of  s h a p e s   and  g r a d e s ,   was  p l a c e d   in  p r e d e f i n e d  

l o c a t i o n s   in  a  m o l d ,   and  p r o d u c t i o n   of  the   t o o l   was  c o m p l e t e d   b y  

v a r i o u s   c o n v e n t i o n a l   t e c h n i q u e s .   The  r e s u l t   is  the   f o r m a t i o n   o f  

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

m a t r i x   s o m e t i m e s   b e i n g   r e f e r r e d   to  as  a  c r o w n ,   t he   l a t t e r  

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

fo rmed   d u r i n g   the   p r o c e s s   of  f o r m i n g   the   m e t a l   m a t r i x .   N a t u r a l  

d iamond  is   s u f f i c i e n t l y   t h e r m a l l y   s t a b l e   to  w i t h s t a n d   the  h e a t i n g  

p r o c e s s   in   m e t a l   m a t r i x   f o r m a t i o n .  

In  t h i s   p r o c e d u r e   above   d e s c r i b e d ,   the   n a t u r a l   d i a m o n d  

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



i m p r e g n a t e d ,   i . e . ,   d i a m o n d   i s   d i s t r i b u t e d   t h r o u g h o u t   the   m a t r i x  

in  g r i t   or  f i n e   p a r t i c l e   f o r m .  

W i t h   e a r l y   PCD  e l e m e n t s ,   p r o b l e m s   a r o s e   in  t h e  

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

PCD  t a b l e s   on  c a r b i d e   b a c k i n g   t e n d e d   to   be  t h e r m a l l y   u n s t a b l e   a t  

the  t e m p e r a t u r e   u s e d   in  t he   f u r n a c i n g   of  t h e   m e t a l   m a t r i x   b i t  

c rown ,   r e s u l t i n g   in  c a t a s t r o p h i c   f a i l u r e   of  t h e   PCD  e l e m e n t s   i f  

the   same  p r o c e d u r e s   as  were   u sed   w i t h   n a t u r a l   d i a m o n d s   were   u s e d  

w i t h   them.   I t   was  b e l i e v e d   t h a t   t he   c a t a s t r o p h i c   f a i l u r e   was  d u e  

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

m e t a l   a l l o y   used   as  the   s i n t e r i n g   a id   in  the   f o r m a t i o n   of  the   PCD 

e l e m e n t .  

B r a z i n g   t e c h n i q u e s   were   used   to  f i x   the   c y l i n d r i c a l   PCD 

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

p r o d u c t s .   B r a z i n g   m a t e r i a l s   and  p r o c e d u r e s   were   used   to  a s s u r e  

t h a t   t e m p e r a t u r e s   were   no t   r e a c h e d   wh ich   would  c a u s e   c a t a s t r o p h i c  

f a i l u r e   of  t he   PCD  e l e m e n t   d u r i n g   the   m a n u f a c t u r e   of  the   d r i l l i n g  

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

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

t h e   d r i l l i n g   t o o l .  

W i t h   t h e   a d v e n t   of  t h e r m a l l y  s t a b l e   PCD  e l e m e n t s ,  

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

c o u l d   be  s u r f a c e - s e t   i n t o   the   m e t a l   m a t r i x   much  in  the  s ame  

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



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

to  t he   f a c t   t h a t   PCD  e l e m e n t s   were   b e l i e v e d   to  have   a d v a n t a g e s   o f  

l e s s . t e n d e n c y   to  p o l i s h ,   and  l a c k   of  e x t e n d e d   i n h e r e n t l y   w e a k  

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

S i g n i f i c a n t l y ,   t he   c u r r e n t   l i t e r a t u r e   r e l a t i n g   to  p o r o u s  

PCD  c o m p a c t s   s u g g e s t s   t h a t   t he   e l e m e n t   be  s u r f a c e - s e t .   T h e  

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

to  a b o u t   1 2 0 0  C   a re   a v a i l a b l e   in  a  v a r i e t y   of  s h a p e s ,   e . g . ,  

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

a b o u t   0.3  c a r a t s   in  w e i g h t ,   m e a s u r e s   4mm  on  a  s i d e   and  i s   a b o u t  

2.6mm  t h i c k .   I t   i s   s u g g e s t e d   by  t h e   p r i o r   a r t   t h a t   t h e  

t r i a n g u l a r   p o r o u s   PCD  c o m p a c t   be  s u r f a c e - s e t   on  the   f a c e   w i t h   a  

m i n i m a l   p o i n t   e x p o s u r e ,   i . e . ,   l e s s   t h a n   0.5mm  above   the   a d j a c e n t  

m e t a l   m a t r i x   f a c e   fo r   rock   d r i l l s .   L a r g e r   one  per   c a r a t  

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

m e a s u r i n g   6  mm  on  a  s i d e   and  3.7  mm  t h i c k ,   b u t   no  r e c o m m e n d a t i o n  

has  been  made  as  to  t h e .  d e g r e e   of  e x p o s u r e   fo r   such   a  d i a m o n d .  

In  the   c a s e   of  a b r a s i v e   r o c k ,   i t   is   s u g g e s t e d   by  the   p r i o r   a r t  

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

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

a r t   t h a t   the   t r i a n g u l a r   e l e m e n t   be  s e t   in  a  r a d i a l   o r i e n t a t i o n  

w i t h  t h e   b a s e   a t   a b o u t   the   l e v e l   of  t he   m e t a l   m a t r i x .   The  d e g r e e  

o?r  ? r ? r f e x p o s u r e   r e c o m m e n d e d   t h u s   d e p e n d e d   on  the   t y p e   of  r o c k  

f o r m a t i o n   to  be  c u t .  

The  d i f f i c u l t i e s   w i t h   such  p l a c e m e n t s   a r e   s e v e r a l .   T h e  



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

d r i l l i n g   o p e r a t i o n .   In  t h e   u s u a l   d r i l l i n g   o p e r a t i o n ,   be  i t  

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

or  d r i l l i n g   mud  i s   pumped  t h r o u g h   t he   c e n t e r   of  t he   t o o l ,  

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

o u t e r   s u r f a c e   ( g a g e )   and  t h e n   back   up  t h e   b o r e .   The  d r i l l i n g  

f l u i d   c l e a r s   t he   t o o l   f a c e   of  c u t t i n g s   and  to  some  e x t e n t   c o o l s  

t h e   c u t t e r   f a c e .   Where  t h e r e   i s   i n s u f f i c i e n t   c l e a r a n c e   b e t w e e n  

t h e   f o r m a t i o n   c u t   and  t he   b i t   b o d y ,   t h e   c u t t i n g s   may  n o t   b e  

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

or   s t i c k y .   T h u s ,   i f   t h e   c l e a r a n c e '   b e t w e e n   t h e   c u t t i n g  

s u r f a c e - f o r m a t i o n   i n t e r f a c e   and  t he   t o o l   body  f a c e   i s   r e l a t i v e l y  

s m a l l   and  i f   no  p r o v i s i o n   i s   made  f o r   c h i p   c l e a r a n c e ,   t h e r e   may  

be  b i t   c l e a r i n g   p r o b l e m s .  

O t h e r   f a c t o r s   to   be  c o n s i d e r e d   a r e   t he   w e i g h t   on  t h e  

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

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

f l u i d   w h i c h   t e n d s   to  l i f t   t h e   b i t   o f f   t he   b o t t o m .   I t   has   b e e n  

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

may  be  as  much  as  1000  p s i   g r e a t e r   t h a n   t he   p r e s s u r e   above   t h e  

b i t ,   r e s u l t i n g   in  a  h y d r a u l i c   l i f t ,   and  in  some  c a s e s   t h e  

. h y d r a u l i c   l i f t   f o r c e   e x c e e d s   50%  of  t he   a p p l i e d   l o a d   w h i l e  

d r i l l i n g .  

One  s u r p r i s i n g   o b s e r v a t i o n   made  in  d r i l l   b i t s   h a v i n g  

s u r f a c e - s e t   t h e r m a l l y   s t a b l e   PCD  e l e m e n t s   i s   t h a t   even  a f t e r  



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

r u n n i n g   the   b i t   in  t he   h o l e   and  a f t e r   a  f r a c t i o n   of  t he   s u r f a c e  

of  the  m e t a l   m a t r i x   was  a b r a d e d   away,   t he   r a t e   of  p e n e t r a t i o n  

o f t e n   d e c r e a s e s .   E x a m i n a t i o n   of  t he   b i t   i n d i c a t e s   u n e x p e c t e d  

p o l i s h i n g   of  t he   PCD  e l e m e n t s .   U s u a l l y   ROP  can   be  i n c r e a s e d   b y  

a d d i n g   w e i g h t   to  the   d r i l l   s t r i n g   or  r e p l a c i n g   t h e   b i t .   A d d i n g  

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

i n c r e a s e s   s t r e s s   and  wear  on  t he   d r i l l   r i g .   F u r t h e r ,   t r i p p i n g   o r  

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

n o r m a l   c a s e s   a r e   e x p r e s s e d   in  c o s t   per   f o o t   of  p e n e t r a t i o n .   T h e  

c o s t   c a l c u l a t i o n   t a k e s   i n t o   a c c o u n t   the   b i t   c o s t   p l u s   t he   r i g  

c o s t   i n c l u d i n g   t r i p   t ime   and  d r i l l i n g   t ime   d i v i d e d   by  the   f o o t a g e  

d r i l l e d .  

'  C l e a r l y ,   i t   is   d e s i r a b l e   to  p r o v i d e   a  d r i l l i n g   t o o l  

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

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

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

I t   is   a l s o   d e s i r a b l e   to  p r o v i d e   a  d r i l l i n g   t o o l   h a v i n g  

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

f a c e   of  t he   t o o l   as  t o  p r o v i d e   c u t t i n g   w i t h o u t   a  long   r u n - i n  

p e r i o d ,   and  one  which   p r o v i d e s   a  s u f f i c i e n t   c l e a r a n c e   b e t w e e n   t h e  

c u t t i n g   e l e m e n t s   and  the  f o r m a t i o n   fo r   e f f e c t i v e   f low  of  d r i l l i n g  

f l u i d   and  for   c l e a r a n c e   of  c u t t i n g s .  

I n i t i a l   r u n - i n   in  PCD  d i a m o n d   b i t s   o f t e n   b r e a k s   o f f   t h e  



t i p   or  p o i n t   of  t he   t r i a n g u l a r   c u t t e r .   T h e r e f o r e ,   an  e x t r e m e l y  

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

a c c o m m o d a t e   e x p e c t e d   w e a r i n g   d u r i n g   d r i l l i n g ,   to  a l l o w   fo r   t i p  

r e m o v a l   d u r i n g   r u n - i n ,   and  to  p r o v i d e   f l o w   c l e a r a n c e   n e c e s s a r y ,  

s u b s t a n t i a l   i n i t i a l   c l e a r a n c e   i s   n e e d e d .  

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

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

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

m a t r i x   as  to  be  e f f e c t i v e l y   l o c k e d   i n t o   the   m a t r i x   in  o r d e r   t o  

p r o v i d e   r e a s o n a b l y   l ong   l i f e   of  t he   t o o l i n g   by  p r e v e n t i n g   l o s s   o f  

PCD  e l e m e n t s   o t h e r   t h a n   by  n o r m a l   w e a r .  

I t   i s   a l s o   d e s i r a b l e   to  p r o v i d e   a  d r i l l i n g   t o o l   h a v i n g  

t h e r m a l l y   s t a b l e   PCD  e l e m e n t s   so  a f f i x e d   in  the   t o o l   t h a t   i t   i s  

u s a b l e   in   - s p e c i f i c   f o r m a t i o n s   w i t h o u t   t h e   n e c e s s i t y   o f  

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

s i g n i f i c a n t   i n c r e a s e s   in  d r i l l i n g   f l u i d   f low  or  p r e s s u r e ,   a n d  

which   w i l l   d r i l l   a t   a  h i g h e r   ROP  t h a n   c o n v e n t i o n a l   b i t s   under   t h e  

same  d r i l l i n g   c o n d i t i o n s .  



BRIEF  SUMMARY  OF  THE  INVENTION 

The  i n v e n t i o n   is  a  c u t t e r   in  a  d r i l l   b i t   made  of  m a t r i x  

m a t e r i a l   c o m p r i s i n g   a  d i a m o n d   b o d y   ' d i s p o s e d   in  t h e   m a t r i x  

m a t e r i a l   of  t he   d r i l l   b i t   and  e x p o s e d   a b o v e   t h e   s u r f a c e   of  t h e  

d r i l l   b i t .   The  d i amond   body  has   a  p r e d e t e r m i n e d   g e o m e t r i c  

c o n f i g u r a t i o n   and  is   d i s p o s e d   in  t he   m a t r i x   m a t e r i a l   in  such   a  

f a s h i o n   to  e s t a b l i s h   a t   l e a s t   two  l o c c k i n g   p o i n t s   b e t w e e n   t h e  

d i a m o n d   body  and  the   m a t r i x   m a t e r i a l .   The  m a n n e r   in  wh ich   t h e  

d i a m o n d   body  i s   d i s p o s e d   in  t he   m a t r i x   m a t e r i a l   i s   d e p e n d e n t   i n  

p a r t   on  the   g e o m e t r y   of  the   d i a m o n d   b o d y .   In  p a r t i c u l a r ,   t h e  

d i a m o n d   body  is   o r i e n t e d   in  t he   m a t r i x   m a t e r i a l   so  t h a t   a t   l e a s t  

one  s u r f a c e   or  p o r t i o n   of  a  s u r f a c e   of  t he   d i a m o n d   body  i s  

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

m a t r i x   m a t e r i a l   a t   the_  l o c a t i o n   of  t h e   d i a m o n d   b o d y .   The  m a t r i x  

m a t e r i a l   t h u s   f o r m s   a  l o c k i n g   wedge  o v e r   t h e   d i a m o n d   body  w h e r e  

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

s u r f a c e   a t   t he   l o c a t i o n   of  t he   d i a m o n d   body  on  t he   b i t .  

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

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

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

e l e m e n t s ,   and  p l a t e - l i k e   e l e m e n t s .   In  a d d i t i o n ,   the   i n v e n t i o n  

can  be  i n c o r p o r a t e d   in  f r e e - f o r m   s h a p e s   w h i c h   i n c o r p o r a t e   a 

n e g a t i v e l y   c u r v e d   s u r f a c e   which   p r o d u c e s   a  l i p   or  p e d e s t a l  

e x t e n d i n g   and  d i s p o s e d   be low  the   s u r f a c e   of  t h e   m a t r i x   m a t e r i a l  



or  t h e   b i t   f a c e .   By  v i r t u e   of  t he   s p a c e d - a p a r t   l o c k i n g   p o i n t s  

e s t a b l i s h e d   on  t h e   d i a m o n d   body  and  b e t w e e n   t h e   d i a m o n d   body  a n d  

t h e   m a t r i x   m a t e r i a l ,   t he   d i a m o n d   body  i s   s e c u r e l y   r e t a i n e d   in  t h e  

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

a b o v e   t h e   m a t r i x   s u r f a c e   of  the   d r i l l   b i t .  

T h e s e   and  o t h e r   a d v a n t a g e s   of  t h e   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  now  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   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 i c t o r i a l   p e r s p e c t i v e   of  a  d r i l l   b i t  

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

m a t r i x   s u r f a c e .  

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

body  b i t   of  F i g u r e   1  w h i l e   a l l o w i n g   s u b s t a n t i a l   e x p o s u r e   upon  t h e  

s u r f a c e   of  t he   b i t .  

F i g u r e   3  i s   a  p e r s p e c t i v e   v iew  of  a  c u b i c   e l e m e n t  

a t t a c h e d   to  a  m a t r i x   body  b i t   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   4  i s   a -  p e r s p e c t i v e   v i ew  of  a  r i g h t   c i r c u l a r  

c y l i n d e r   embedded   in  a  m a t r i x .  

F i g u r e   5  i s   a  p e r s p e c t i v e   v iew  of  a  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   embedded   in  a  g e n e r a l l y   a x i a l   o r i e n t a t i o n   in  t he   m a t r i x  

body  b i t .  

F i g u r e   6  i s   a  g e n e r a l i z e d   o v u l a t e   d i a m o n d   body  e m b e d d e d  

i n   a  m a t r i x   b i t   a c c o r d i n g   t o  t h e   i n v e n t i o n .  

F i g u r e   7  i s   a  r i g h t   c i r c u l a r   d i s c   embedded   a c c o r d i n g   t o  

the   i n v e n t i o n   in  a  m a t r i x   body  b i t .  



F i g u r e   8  i s   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 a m o n d   e l e m e n t  

embedded   in   a  g e n e r a l l y   t a n g e n t i a l   d i r e c t i o n   in  a  m a t r i x   body  b i t  

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   9  i s   a  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   e m b e d d e d   in  a  

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

F i g u r e   10  i s   a  g e n e r a l l y   r e c t a n g u l a r   p r i s m a t i c   e l e m e n t  

e m b e d d e d   in   a  m a t r i x   b o d y   b u t   in   a  g e n e r a l l y   t a n g e n t i a l  

o r i e n t a t i o n .  

F i g u r e   11  i s   a  t r i a n g u l a r   p l a t e   l i k e   e l e m e n t   embedded   i n  

a  m a t r i x   body  b i t   a c c o r d i n g   to  t he   i n v e n t i o n   in  a  g e n e r a l l y  

t a n g e n t i a l   o r i e n t a t i o n .  

F i g u r e   12  i s   a  t r a p e z o i d a l   p r i s m a t i c   d i a m o n d   e l e m e n t  

e m b e d d e d   in  a  m a t r i x   b o d y   b i t   in  a  g e n e r a l l y   t a n g e n t i a l  

o r i e n t a t i o n .  

F i g u r e   13  i s   a  t r a p e z o i c a l   p r i s m a t i c   e l e m e n t   embedded   i n  

a  m a t r i x   body  b i t   in  a  g e n e r a l l y   a x i a l   o r i e n t a t i o n   w i t h   b a c k i n g  

or  i n c l i n e d   s u p p o r t   as  shown  in  s i d e   v i e w .  

F i g u r e   14  i s   a  v iew  of  the   t r a p e z o i d a l   p r i s m a t i c   e l e m e n t  

shown  in  F i g u r e   1 2 .  

F i g u r e   15  i s   a  f r e e   form  d i a m o n d   body  embedded   in  a 



m a t r i x   body  b i t   a c c o r d i n g  t o   the   i n v e n t i o n .  

The  i n v e n t i o n   as  e x e m p l i f i e d   in   t h e s e   v a r i o u s  

e m b o d i m e n t s   i s   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  the   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   which   s h o u l d   be  c o n s i d e r e d   in  l i g h t   of  t h e  

above   d r a w i n g s .  



DETAILED  DESCRIPTION  OF  THE  PREFERRED  EMBODIMENTS 

The  i n v e n t i o n   i s   t he   e m b e d d i n g   and  i n t e r l o c k i n g   of  a  h a r d  

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

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   (PCD)  e l e m e n t   i n t o   a  m a t r i x  

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

above   t he   s u r f a c e   of  t he   m a t r i x .   The  e m b e d m e n t   and  i n t e r l o c k i n g  

of  t he   d i a m o n d   e l e m e n t   i s   p r o v i d e d   in  s u c h   a  way,   as  d e s c r i b e d  

in  g r e a t e r   d e t a i l   be low  t h a t   a t   l e a s t   two  l o c k i n g   p o i n t s   a r e  

p r o v i d e d   b e t w e e n   t he   d i a m o n d   e l e m e n t   and  t h e   m a t r i x   by  v i r t u e   o f  

t he   e m b e d m e n t   and  g e o m e t r i c   c o n f i g u r a t i o n   of  the   d i a m o n d   e l e m e n t .  

The  l o c k i n g   p o i n t s   p r o v i d e   means   of  i n t e r l o c k i n g   the   d i a m o n d  

e l e m e n t   i n t o   t h e   m a t r i x   in  o r d e r   to  p r e v e n t   m o v e m e n t   o r  

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

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

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

v a r i o u s   e m b o d i m e n t s   can  b e t t e r   be  u n d e r s t o o d   by  now  c o n s i d e r i n g  

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

a b o v e .  

F i g u r e   1  i s   a  p i c t o r i a l   p e r s p e c t i v e   of  a  m a t r i x   body  d r i l l  

11 .   B i t   f a c e   17  i s   c h a r a c t e r i s e d   by  a  gage   19,   s h o u l d e r   p o r t i o n  

21,  f l a n k   23,   n o s e   25  and  apex  27.  T h e s e   p o r t i o n s   of  b i t   f a c e   17 

a r e   a l s o   p r o v i d e d   w i t h   c o n v e n t i o n a l   j u n k   s l o t s   29  and  c o l l e c t o r s  

and  w a t e r w a y s   31  in   c o m m u n i c a t i o n   w i t h   an  a x i a l   c r o w f o o t   ( n o t  

s h o w n ) .   B e t w e e n   w a t e r w a y s   and  c o l l e c t o r s   31  a re   l a n d s   or  pads   33 



in   w h i c h   a  p l u r a l i t y   of  d i a m o n d   e l e m e n t s   35  a r e   d i s p o s e d  

a c c o r d i n g   to  t h e   i n v e n t i o n .   The  s u r f a c e   of  l a n d s   33  i s   d e f i n e d  

as  the   m a t r i x   s u r f a c e   and  i s   g e n e r a l l y   p l a n a r   in   the   l o c a l i z e d  

a r e a   of  e ach   d i a m o n d   e l e m e n t   3 5 .  

Tu rn   now  to  F i g u r e   2  w h e r e i n   a  p e r s p e c t i v e   v iew  of  a  

t r i a n g u l a r   p r i s m a t i c   PCD  e l e m e n 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  i s   i l l u s t r a t e d .   E l e m e n t   -10  i s   c o n f i g u r e d   as  a  

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

f a c e s   12,  o n l y   one  of  w h i c h   i s   shown  in  F i g u r e   2,  and  t h r e e  

a d j a c e n t   r e c t a n g u l a r   s i d e s   14 ,   a g a i n   o n l y   one  of  w h i c h   i s  

i l l u s t r a t e d   in  F i g u r e   2.  E l e m e n t   10  i s   p r i s m a t i c ,   m e a n i n g   t h a t  

t h e   s h a p e   of  e l e m e n t   10  i s   g e n e r a t e d   by  t r a n s l a t i n g   o n e  

t r i a n g u l a r   end  f a c e   12  in  a  p a r a l l e l   l i n e a r   d i r e c t i o n   as  d e f i n e d  

by  l o n g i t u d i n a l   a x i s   16.  Such  PCD  e l e m e n t s   a re   w e l l   known  to  t h e  

a r t  a n d   a r e   m a n u f a c t u r e d   u n d e r   the   t r a d e m a r k   "GEOSET"  by  G e n e r a l  

E l e c t r i c   C o m p a n y .  

A c c o r d i n g   to  the   i n v e n t i o n ,   e l e m e n t   10  i s   embedded   i n  

and  i n t e r l o c k e d   w i t h   m a t r i x   18  of  b i t   11  of  F i g u r e   1.  C o n t r a r y  

to  the  t e a c h i n g s   of  t he   p r i o r   a r t ,   PCD  e l e m e n t   10  i s   r a i s e d   w e l l  

above   s u r f a c e   20  of  m a t r i x   18,  t y p i c a l l y   by  more  t h a n   30%  o f  

h e i g h t   22  of  e l e m e n t   10:  For  e x a m p l e ,   in  t h e  c a s e   of  a  2 1 0 3  

"GEOSET",  w h i c h   is   in  the   form  of  a n  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 ,   e l e m e n t   10  may  be  m o u n t e d   w i t h i n   m a t r i x   18  

and  r a i s e d   above   the   s u r f a c e   by  more  t h a n   0 . 0 6 8   i n c h   ( 1 .73   mm). 

In  such  an  i n s t a n c e ,   h e i g h t   22  i s   0 . 3 5   i n c h   ( 5 . 2 0   mm).  I n  



:n  such   an  i n s t a n c e ,   h e i g h t   22  i s   0 . 3 5   i n c h   ( 5 . 2 0   mm).  I n  

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

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

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

E l e m e n t   10  i s   m o u n t e d   and  i n t e r l o c k e d   in  m a t r i x   18  b y  

h a v i n g   one  s i d e   14  f o r m i n g   a  b a s e   14a  o p p o s i n g   t h e   d i h e d r a l   a n g l e  

f o r m i n g   an  a p i c a l   i d g e   24.  Base   14a  i s   d i s p o s e d   w i t h i n   m a t r i x   18  

b e l o w   s u r f a c e   20  by  l e s s   t h a n   30%  of  h e i g h t   22 ,   or  in  t he   c a s e   o f  

t he   e x a m p l e   of  a  2103  "GEOSET"  by  l e s s   t h a n   0 . 0 6 1   i n c h   ( 1 . 5 6   mm).  

A p i c a l   r i d g e   24  f o r m s   t he   m o s t   o u t w a r d l y   e x t e n d e d   p o r t i o n   o f  

e l e m e n t   10  and  e l e m e n t   10  can  be  s e t   on  f a c e   20  of  t h e   m a t r i x   b i t  

in  any  o r i e n t a t i o n   as  d e s i r e d   w i t h o u t   d e p a r t i n g   f rom  t he   s c o p e   o f  

t he   i n v e n t i o n .   For  e x a m p l e ,   a p i c a l   r i d g e   24  may  be  s e t   l y i n g   i n  

a  d i r e c t i o n   p a r a l l e l   to  t he   a n g u l a r   a d v a n c e   of  e l e m e n t   10  a s  

d e f i n e d   by  t h e   r o t a t i o n   of  b i t   11.  T h i s   i s   t e r m e d   a  r a d i a l   s e t  

in  the   c a s e   of  a  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 .   A l t e r n a t i v e l y ,  

a p i c a l   r i d g e   24  may  be  s e t   a t   r i g h t   a n g l e s   to  the   d i r e c t i o n   o f  

a d v a n c e   of  e l e m e n t   10  as  d e f i n e d   by  t h e   r o t a t i o n   of  t he   b i t .  

T h i s   s e t t i n g   i s   t h e n   d e f i n e d   as  a  t a n g e n t i a l   s e t t i n g .   In  b o t h  

c a s e s   l o n g i t u i d n a l   a x i s   16  of  e l e m e n t   10  i s   o r i e n t e d   g e n e r a l l y  

p a r a l l e l   to  s u r f a c e   20  of  m a t r i x   18  a t   t he   p o i n t   of  a t t a c h m e n t   o f  

e l e m e n t   10  t h e r e t o .  

In  any  of  t h e s e   o r i e n t a t i o n s ,   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   10  i s   l o c k e d   w i t h i n   m a t r i x   18  by  a t   l e a s t   two  l o c k i n g  

p o i n t s   26,  o n l y   one  of  wh ich   i s   i l l u s t r a t e d   in  F i g u r e   2.  L o c k i n g  



embedded  below  s u r f a c e   20  " in to   m a t r i x   m a t e r i a l   18.  In  the  c a s e  

of  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   10,  l o c k i n g   p o i n t   26  is   a c t u a l l y  

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

the   a d j a c e n t   s u r f a c e   14  ( n o t   shown  in  F i g u r e   2)  wh ich   t w o  

s u r f a c e s   j o i n   to  form  the   d i h e d r a l   a n g l e   d e f i n i n g   the   a p i c a l   e d g e  

24  of  e l e m e n t   10.  L o c k i n g   p o i n t   26  is   t h u s   in  the   e m b o d i m e n t   o f  

F i g u r e   2  an  i n c l i n e d   s u r f a c e   p o r t i o n   be low  s u r f a c e   20.  E l e m e n t  

10  i s   f a b r i c a t e d   or  m o l d e d   i n t o   t h e   m a t r i x   b o d y   b i t   b y  

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 .   As  a  r e s u l t ,   m a t r i x  

m a t e r i a l   18  fo rms   an  i n n e r l o c k i n g   a b u t m e n t   a g a i n s t   the   s l o p e d  

s u r f a c e   of  l o c k i n g   p o i n t   26  t h e r e b y   p r o v i d i n g   a  wedged  s h a p e d  

lock   on  e l e m e n t   10.  In  o t h e r   w o r d s ,   the   embedded  p o r t i o n s   o f  

s u r f a c e s   14  a re   i n c l i n e d   away  from  the  n o r m a l   to  s u r f a c e   20  a n d  

are   s p a c e d   a p a r t .   M a t r i x   m a t e r i a l   18  fo rms   i n t e g r a l   o v e r l y i n g  

wedges  so  t h a t   e l e m e n t   10  i s   l o c k e d   i n t o   m a t r i x   18  w i t h   r e s p e c t  

to  a l l   d i r e c t i o n s .   T h a t   i s ,   a  f o r c e   in  any  d i r e c t i o n   t e n d i n g   t o  

remove  e l e m e n t   10  f rom  s u r f a c e   20  would   be  r e s i s t e d   by  l o c k i n g  

p o i n t s   2 6 .  

In  the  e m b o d i m e n t   of  F i g u r e   2,  i t   was  a s sumed   t h a t   e n d  

s u r f a c e s   12  were  p e r p e n d i c u l a r   s u r f a c e s   to  l o n g i t u d i n a l   a x i s   16 

and  t h u s   l o c k i n g   p o i n t s   26  were   formed  on ly   on  o p p o s i n g   s u r f a c e s  

14  below  s u r f a c e   20.  However ,   i t   is  e n t i r e l y   w i t h i n   the   s cope   o f  

the  i n v e n t i o n   t h a t   end  s u r f a c e s   12  may  be  i n c l i n e d   w i t h   r e s p e c t  

to  l o n g i t u d i n a l l y   a x e s   16  t h e r e b y   p r o v i d i n g   two  a d d i t i o n a l  

spaced   a p a r t   l o c k i n g   p o i n t s ,   which  t o g e t h e r   w i t h   l o c k i n g   p o i n t s  

26,  would  form  two  o t h o g o n a l   p a i r s   of  such  l o c k i n g   p o i n t s ,   or  i n  



the   c a se   of  F i g u r e   2  l o c k i n g   s u r f a c e   p o r t i o n s .  

T u r n   now  to  F i g u r e   3  w h e r e i n   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   in  the   c o n t e x t   of  a  r e c t a n g u l a r   p r i s m a t i c   e l e m e n t ,  

g e n e r a l l y   d e n o t e d   by  n u m e r a l   28.  For  c o n v e n i e n c e ,   r e c t a n g u l a r  

p r i s m a t i c   e l e m e n t   28  i s   shown  as  a  c u b i c   d i a m o n d   e l e m e n t ,   w h i c h  

may  e i t h e r   be  a  n a t u r a l   c u b i c   e l e m e n t   or  may  be  s y n t h e t i c a l l y  

m a n u f a c t u r e d .   In  e i t h e r   c a s e ,   e l e m e n t   28  i s   d i s p o s e d   w i t h i n  

m a t r i x   m a t e r i a l   18  be low  s u r f a c e   20  in  s u c h   a  manner   t h a t   a t  

l e a s t   two  l o c k i n g   p o i n t s   30  and  32  a r e   p r o v i d e d .   L o c k i n g   p o i n t  

30  i s   f o r m e d   a t   one  c o r n e r   34  of  c u b i c   e l e m e n t   28  w h i l e   l o c k i n g  

p o i n t   32  i s   f o rmed   a t   the   a d j a c e n t   c o r n e r s   36,  one  of  which   i s  

i l l u s t r a t e d   in  F i g u r e   3.  E l e m e n t   28  i s   d i s p o s e d   w i t h i n   m a t r i x   18 

a t   an  a n g l e   so  t h a t   i t s   n o r m a l   a x i s   of  s y m m e t r y   38  i s   i n c l i n e d  

w i t h   r e s p e c t   to  s u r f a c e   20  a t   the   p o i n t   of  a t t a c h m e n t   of  e l e m e n t  

28  to  the   m a t r i x   b i t .   The  i n c l i n a t i o n   of  a x i s   38  c a u s e s   a t   l e a s t  

one  of  t he   f o u r   b a s a l   c o r n e r s ,   in  t h i s   c a s e   c o r n e r   34,  to  b e  

c o c k e d   up  a t   an  a n g l e   so  as  to  be  d i s p o s e d   w i t h i n   m a t r i x   18  a t  

l e s s e r   d e p t h   t h a n   a t   l e a s t   one  o t h e r   c o r n e r   of  c u b i c   e l e m e n t   2 8 .  

In  the   mos t   g e n e r a l   c a s e ,   the   i n c l i n a t i o n   of  a x i s   38  is   such   t h a t  

no  f a c e   of  c u b i c   e l e m e n t   28  i s   p e r p e n d i c u l a r   to  s u r f a c e   20.  I n  

t he   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   3,  t he   i n c l i n a t i o n   of  a x i s  

38  c a u s e s   c o r n e r   3 4  t o   be  the   h i g h e s t   c o r n e r   f o l l o w e d   by  a d j a c e n t  

c o r n e r s   36  and  l a s t l y ,   by  l o w e s t   o p p o s i n g '  c o r n e r   40.  The  a n g u l a r  

o r i e n t a t i o n   of  a x i s   38  t h u s   c a u s e s   edge   42,   which   is   a d j a c e n t   t o  

c o r n e r   34,   to  be  i n c l i n e d   u p w a r d l y   t h r o u g h   s u r f a c e   20  of  m a t r i x  

m a t e r i a l   18  a t   an  a c u t e   a n g l e .   T h u s ,   m a t r i x   m a t e r i a l   18  f i l l s  



a r o u n d   c o r n e r   34  f o r m i n g  a n   o v e r l y i n g   wedged  mass   which  l o c k s  

c o r n e r   34  i n t o   the   m a t r i x   of  a  b i t   and  p r e v e n t s   movement   o f  

e l e m e n t   28  in  a  no rma l   d i r e c t i o n   a t   t he   p o i n t   of  a t t a c h m e n t .  

T h u s ,   in  the   e m b o d i m e n t   of  F i g u r e   3,  l o c k i n g   p o i n t   30  a t   c o r n e r  

34  i s   a  s u r f a c e   p o r t i o n   in  the  p r o x i m i t y   of  c o r n e r   34  of  a d j a c e n t  

s i d e s   44  wh ich   j o i n   t o g e t h e r   to  form  t h e   d i h e d r a l   a n g l e   46  a n d  

edge  42.  In  f a c t ,   l o c k i n g   p o i n t s   30  and  32  a r e   merged   t o  

i n c l u d e   l o w e r   s u r f a c e   p o r t i o n   of  s i d e   44  in  t he   p r o x i m i t y   of  a n d  

a d j a c e n t   to  b a s a l   edge  48  from  c o r n e r   34  to   a d j a c e n t   c o r n e r   3 6 .  

In  o t h e r   w o r d s ,   i f   cube  28  were  to  be  l i f t e d   in  a  p e r p e n d i c u l a r  

d i r e c t i o n   from  s u r f a c e   20,  m a t r i x   m a t e r i a l   18  in  c o n t a c t   w i t h  

l o c k i n g   p o i n t   30  b e t w e e n   c o r n e r s   34  and  36  of  a d j a c e n t   edge  48 

and  the  a d j a c e n t   s y m m e t r i c a l l y   p l a c e d   edge   ( n o t   s h o w n ) ,   p r o v i d e   a 

l o c k i n g   s u r f a c e   which   t e n d s   to  r e t a i n   c u b i c   e l e m e n t   28  w i t h i n  

m a t r i x   m a t e r i a l   1 8 .  

C l e a r l y ,   the   embedment   of  c u b i c   e l e m e n t   28  w i t h i n   m a t r i x  

m a t e r i a l   18  a l s o   p r o v i d e s   a  means   of  r e s i s t i n g   any  f o r c e s  

i m p a r t e d   on  e l e m e n t   28  in  a  d i r e c t i o n   p a r a l l e l   to  s u r f a c e   2 0 .  

Cub ic   e l e m e n t   28  is  not   l o c k e d   i n t o   m a t r i x   18  o n l y   in  t h e  

d i r e c t i o n   of  a x i s   38.  R e s i s t a n c e   to  t h e s e   p a r a l l e l   or  a z i m u t h a l  

f o r c e s   wh ich   may  be  a p p l i e d   to  e l e m e n t   28  would   a l s o   be  p r o v i d e d  

i f   a x i s   of  symmet ry   .38  were   s u b s t a n t i a l l y   p e r p e n d i c u l a r   t o  

s u r f a c e   20.  However ,   in  t h i s   l a s t   c a s e ,   l o c k i n g   p o i n t   30  w o u l d  

have  d i s a p p e a r e d   and  t h e r e   would  be  no  m e c h a n i c a l   means ,   o t h e r  

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

b e t w e e n   e l e m e n t   28  and  m a t r i x   m a t e r i a l   18  w h i c h   would  r e t a i n   o r  



lock   e l e m e n t   28  in  m a t r i x   m a t e r i a l   1 8 .  

T u r n   now  to  F i g u r e   4  w h e r e i n   y e t   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   i s   i l l u s t r a t e d .   In  t h e   e m b o d i m e n t   of  F i g u r e   4  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   e l e m e n 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   50,  is   i l l u s t r a t e d .   C y l i n d r i c a l   e l e m e n t   50  i s  

c h a r a c t e r i s e d   by  a  l o n g i t u d i n a l   a x i s   of  s y m m e t r y   52.  E l e m e n t   50 

is  d i s p o s e d   w i t h i n   m a t r i x   18  be low  s u r f a c e   20  in  s u c h   a  m a n n e r  

t h a t   a x i s   52  i s   i n c l i n e d   a t   an  a c u t e   a n g l e   to  s u r f a c e   20.  By 

v i r t u e   of  t h e   a n g u l a r   o r i e n t a t i o n   of  c y l i n d r i c a l   e l e m e n t   50,  a 

l o c k i n g   p o i n t   or  more  s t r i c t l y   s p e a k i n g ,   a  p l u r a l i t y   of  l o c k i n g  

p o i n t s   a r e   f o r m e d   on  the   l ower   s u r f a c e   of   e l e m e n t   50  in  t h e  

p r o x i m i t y   of  b a s e   56.   For  c o n v e n i e n c e   of  i l l u s t r a t i o n ,   base   56 

i s   shown  as  a  f l a t   c i r c u l a r   base   w h i l e   t h e   o p p o s i n g   end  o f  

c y l i n d r i c a l   e l e m e n t   50  i s   i l l u s t r a t e d   as  b e i n g   g e n e r a l l y   d o m e d .  

C l e a r l y ,   t h e   s h a p e   of  o p p o s i n g   end  58  can  be  a r b i t r a r i l y   c h o s e n .  

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

e l e m e n t   50,   a  l o c k i n g   p o i n t   54  is   f o rmed   on  an  i n c l i n e d   s u r f a c e  

p o r t i o n   of  c y l i n d r i c a l   e l e m e n t   be low  s u r f a c e   20  of  m a t r i x   1 8 .  

M a t r i x   m a t e r i a l   18  is   molded   a b o u t   t he   embedded   p o r t i o n   o f  

c y l i n d r i c a l   e l e m e n t   50  and  t h e r e b y   f o r m s   a  l o c k i n g   wedge  a g a i n s t  

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

t h i s   e m b e d m e n t ,   b o t h   a z i m u t h a l   f o r c e s   p a r a l l e l   the   s u r f a c e   20  a n d  

n o r m a l   f o r c e s   p e r p e n d i c u l a r   to  s u r f a c e   2 0 ,   a r e   p o s i t i v e l y  

r e s i s t e d   by  a  m e c h a n i c a l   l ock   of  e l e m e n t   50  w i t h i n   m a t r i x  

m a t e r i a l   1 8 .  



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

i l l u s t r a t e d .   F i g u r e   5  shows  a  p e r s p e c t i v e   v i ew  of   a  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   10  w h i c h   was  shown  and  d e s c r i b e d   in  c o n n e c t i o n  

w i t h   F i g u r e   2  d i s p o s e d   be low  s u r f a c e   20  i n t o   m a t r i x   m a t e r i a l   18 

in  such  a  manner   t h a t   l o n g i t u d i n a l   a x i s   16  i s   a c u t e l y   i n c l i n e d  

w i t h   r e s p e c t   to  the   n o r m a l   to  s u r f a c e   20  r a t h e r   t h a n   b e i n g  

p e r p e n d i c u l a r   t h e r e t o   as  shown  in  F i g u r e   2.  At  l e a s t   one  c o r n e r  

60  i s   t h u s   d e f i n e d   as  b e i n g   the  h i g h e s t   c o r n e r   of  e l e m e n t   10 

which   i s   embedded   w i t h i n   m a t r i x   m a t e r i a l   18.  A d j a c e n t   c o r n e r   62  

is   d i s p o s e d   w i t h i n   m a t r i x   m a t e r i a l   18  a t   a  g r e a t e r   d e p t h   a s  

d e t e r m i n e d   by  the   s i z e   of  e l e m e n t   10  and  the   a n g u l a r   o r i e n t a t i o n  

of  l o n g i t u d i n a l   a x i s   16  w i t h   r e s p e c t   to  the  s u r f a c e   n o r m a l .   A t  

l e a s t   one  l o c k i n g   p o i n t   64  and ,   in  f a c t ,   a  p l u r a l i t y   of  l o c k i n g  

p o i n t s   are  t h e n   formed  on  t h a t   p o r t i o n   of  s i d e   14  d i s p o s e d  

b e n e a t h   s u r f a c e   20.  In  the  c a se   of  the   e m b o d i m e n t   of  F i g u r e   5 ,  

l o c k i n g   p o i n t s   64  are  formed  on  two  a d j a c e n t   s i d e s   14  which   j o i n  

t o g e t h e r   to  form  the  d i h e d r a l   edge  24.  M a t r i x   m a t e r i a l   18  i s  

molded  a b o u t   s u r f a c e   14  once  a g a i n   f o r m i n g   an  o v e r l y i n g   w e d g e  

w h i c h   l o c k s   e l e m e n t   10  o n t o   s u r f a c e   20  and  w h i c h   r e s i s t s  

s u b s t a n t i a l l y   a l l   f o r c e s   which  may  be  e x e r t e d   upon  e l e m e n t   10 

which   m i g h t   t end   to  remove  i t   from  s u r f a c e   2 0 .  

W h e r e a s   the   e m b o d i m e n t s   of  F i g u r e s   1-5  were  t r i a n g u l a r ,  

c u b i c a l   or  c y l i n d r i c a l ,   the   e m b o d i m e n t  o f   F i g u r e   6  has   b e a n  

g e n e r a l i z e d   to  i n c l u d e   an  a r b i t r a r y   o v u l a t e   d i amond   e l e m e n 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   66.  In  the  i l l u s t r a t e d  

e m b o d i m e n t ,   o v u l a t e   e l e m e n t   66  is  c h a r a c t e r i s e d   by  a  m a j o r  



l o n g i t u d i n a l   a x i s   68  w h i c h ' d e f i n e s   a  d i r e c t i o n   of  p r e f e r e n t i a l   o r  

maximum  e l o n g a t i o n .   The  a n g u l a r   o r i e n t a t i o n   of  m a j o r   a x i s   68  o f  

r e l e m e n t s   66  i s   i n c l i n e d   s u f f i c i e n t l y   w i t h   r e s p e c t   to  the   n o r m a l  

to  s u r f a c e   20  s u c h   t h a t   a t   l e a s t   two  l o c k i n g   p o i n t s ,   a g a i n   a  

s u r f a c e   p o r t i o n   d e f i n i n g   the   p l u r a l i t y   of  l o c k i n g   p o i n t s   70,   a r e  

d e f i n e d   b e l o w   s u r f a c e   20  on  e l e m e n t   66.  The  c u r v a t u r e   of  o v u l a t e  

e l e m e n t   66  i s   such   t h a t   i t   b e g i n s   to  f a l l   away  f rom  the   n o r m a l   t o  

s u r f a c e   20  as  i t   a p p r o a c h e s   s u r f a c e   20  from  b e n e a t h .   In  o t h e r  

w o r d s ,   m a t r i x   m a t e r i a l   18  i s   molded  t h e r e o v e r   and  t h u s   a g a i n  

fo rms   a  w e d g i n g   m e c h a n i c a l   l o c k   to  r e t a i n   e l e m e n t   66  in  m a t r i x  

m a t e r i a l   18.  A  l o c k i n g   r e s i s t i n g   f o r c e   e x i s t   fo r   a l l   d i r e c t i o n s  

e x c e p t   one ,   m a j o r   a x i s   6 8 .  

The  e m b o d i m e n t s   of  F i g u r e s   2-6  d e s c r i b e d   above   a re   e a c h  

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

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

the   e l e m e n t   or  a t   l e a s t   in  a  d i r e c t i o n   of  e q u a l   e l o n g a t i o n   as  i n  

t ? r ? r h e   c a se   of  c u b i c   e l e m e n t   28  in  F i g u r e   3.  Turn  now  to  F i g u r e  

7  w h e r e i n   a  r i g h t   c i r c u l a r   d iamond  d i s k ,   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   72  i s   embedded   w i t h i n   m a t r i x   m a t e r i a l   18  a n d  

e x p o s e d   above   s u r f a c e   20  a c c o r d i n g   to  the   i n v e n t i o n .   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   72  i s   c h a r a c t e r i s e d   by  an  a x i s   of  s y m m e t r y  

74.  Axis  74  i s   a g a i n   a c u t e l y   a l i g n e d   w i th   r e s p e c t   to  t he   n o r m a l  

a t   s u r f a c e   20  so  t h a t   one  edge  76  is   w e l l  e x p o s e d   above   m a t r i x  

s u r f a c e   20  w h i l e   t he   d i a m e t r i c a l l y   o p p o s i n g   edge  78  is   e m b e d d e d  

w i t h i n   m a t r i x   m a t e r i a l   18  be low  s u r f a c e   2 0 .  A t   l e a s t   two  l o c k i n g  

p o i n t s ,   a g a i n   a  p l u r a l i t y   of  l o c k i n g   p o i n t s   80,  a re   fo rmed   a t   a 



p o r t i o n   of  the   upper   s u r f a c e   of  d i s k   72  in  the  p r o x i m i t y   of  e d g e  

78  and  be low  s u r f a c e   20.  In  o t h e r   w o r d s ,   d i s k   72  is  embedded  i n  

s u r f a c e   20  of  the   m a t r i x   b i t   a t   an  i n c l i n e d   a n g l e   such  t h a t   t h e  

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

embedded  w i t h   p o r t i o n s   of  the   e d g e s   of  d i s k   72  b e t w e e n   d i a m e t r i c  

p o i n t s   76  and  78  e i t h e r   b e i n g   e x p o s e d   or  embedded  to  l e s s e r   o r  

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

opposed   p o i n t s   76  and  78  r e s p e c t i v e l y .   T h e r e f o r e ,   d i s k   72  i s  

s e c u r e l y   l o c k e d   w i t h i n   m a t r i x   18  a g a i n s t   bo th   a z i m u t h a l   f o r c e s  

and  no rmal   f o r c e s   to  s u r f a c e   2 0 .  

The  i n v e n t i o n   is  f u r t h e r   i l l u s t r a t e d   in  the  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  r i g h t   c i r c u l a r   c y l i n d r i c a l   e l e m e n t   50  a s  

d e s c r i b e d   in  c o n n e c t i o n   w i th   the  e m b o d i m e n t   of  F i g u r e   4  i s  

d i s p o s e d   i n t o   m a t r i x   18  be low  s u r f a c e   20.  A g a i n ,   the   e x p o s e d   e n d  

58  of  c y l i n d e r   50  i s   shown  as  h a v i n g   a  domed  shape   p u r e l y   f o r  

c o n v e n i e n c e   and  not   as  a  means   of  l i m i t i n g   the   i n v e n t i o n .   T h e  

o p p o s i n g   end  or  base   56  is   d i s p o s e d   at  l e a s t   p a r t i a l l y   w i t h i n  

m a t r i x   m a t e r i a l   18  so  t h a t   a t   l e a s t   two,   and  a c t u a l l y   a  p l u r a l i t y  

of  l o c k i n g   p o i n t s   82,  a re   formed  t h e r e o n .   In  o t h e r   w o r d s ,   a t  

l e a s t   a  p o r t i o n   of  c y l i n d e r   50  is  embedded  d e e p l y   enough  such  t h t  

the  d i a m e t e r   of  a  p e r p e n d i c u l a r l y   c r o s s   s e c t i o n   to  a x i s   52  i s  

below  s u r f a c e   20.  Even  i n   the  case   w h e r e i n   a  p o r t i o n   of  ba se   56 

may  be  e x p o s e d   above  s u r f a c e   20,  a  p l u r a l i t y   of  l o c k i n g   p o i n t s . 8 2  

are  formed  on  t h a t   p o r t i o n   above  c e n t e r l i n e   p o i n t   84  of  base   56 

which  is  d i s p o s e d   below  s u r f a c e   20.  The  s u r f a c e   of  c y l i n d r i c a l  

e l e m e n t   50  f a l l s   away  at  an  a c u t e   a n g l e   from  the  no rmal   t o  



s u r f a c e   20  of  m a t r i x   m a t e r i a l   18  as  s u r f a c e   20  i s   a p p r o a c h e d .  

T h u s ,   m a t r i x   m a t e r i a l   18  i s   m o l d e d   ove r   t he   l o c k i n g   p o i n t s   82  o n  

c y l i n d r i c a l   s u r f a c e   50  and  f o r m s   a  l o c k i n g   wedge   t h e r e b y  

r e t a i n i n g   e l e m e n t   50  w i t h i n   m a t r i x   m a t e r i a l   1 8 .  

The  i n v e n t i o n   i s   i l l u s t r a t e d   s t i l l   f u r t h e r   in  t h e  

e m b o d i m e n t   of  F i g u r e   9.  Turn   now  to  F i g u r e   9  w h e r e i n   a  

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 ,   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   86,  i s   d i s p o s e d   be low  s u r f a c e   20  in  m a t r i x   m a t e r i a l   18  s o  

t h a t   a  p l u r a l i t y   of  l o c k i n g   p o i n t s   88  a r e   fo rmed   on  i t s   s u r f a c e .  

E l e m e n t   86  i s   s i m i l a r   to  t h a t   d e s c r i b e d   in  c o n n e c t i o n   w i t h  

F i g u r e s   2  and  5,  w i t h   the   e x c e p t i o n   t h a t   e l e m e n t   86  has   b e e n  

e l o n g a t e d   a l o n g   l o n g i t u d i n a l   a x i s   90.  H o w e v e r ,   the   e m b o d i m e n t   o f  

F i g u r e   9  s h o u l d   be  i n t e r p r e t e d   to  i n c l u d e   e l e m e n t   10  of  F i g u r e s   2 

and  5  as  w e l l .   Like   the   c y l i n d r i c a l   e m b o d i m e n t   of  F i g u r e   7 ,  

t r i a n g u l a r   e l e m e n t   86  of  F i g u r e   8  i n c l u d e s   a t   l e a s t   a  p o r t i o n  

embedded  be low  s u r f a c e   20  of  m a t r i x   18.  At  each  p o i n t   on  t h e  

embedded  p o r t i o n   of  s i d e   92,  the   s l o p e   of  s i d e   92  f a l l s   away  f r o τ  

t h e   normal   to  s u r f a c e   20  as  s u r f a c e   20  i s   a p p r o a c h e d   from  b e l o w .  

A g a i n ,   m a t r i x   m a t e r i a l   18  is   m o l d e d   over   s i d e   92  t h e r e b y   f o r m i n g  

a  w e d g e - s h a p e d   l o c k   over   t he   embedded  p o r t i o n   of  s i d e   92  a n d  

t h u s ,   t h e   p l u r a l i t y   of  l o c k i n g   p o i n t s   88 .   M e a n w h i l e ,   a 

s u b s t a n t i a l   f o r w a r d   p o r t i o n   of  e l e m e n t   86  i s   c o m p l e t e l y   e x p o s e d  

above   s u r f a c e   20  of  m a t r i x   18.  In  f a c t ,  i t   is   no t   n e c e s s a r y   t h a t  

t r a i l i n g   c o r n e r   94  be  f l u s h   w i t h   s u r f a c e   20  as  i l l u s t r a t e d   i n  

F i g u r e   9.  I n s t e a d ,   t r a i l i n g   c o r n e r   94  may  be  d i s p o s e d   we l l   a b o v e  

s u r f a c e   20  as  w e l l ,   l o c k i n g   p o i n t s   88  r e m a i n   e s t a b l i s h e d   as  l o n g  



as  any  p o r t i o n   of  a d j a c e n t   s i d e s   92  r e m a i n   d i s p o s e d   below  s u r f a c e  

20  i n t o   m a t r i x   1 8 .  

Turn   now  to  F i g u r e   10  w h e r e i n   y e t   a n o t h e r   e m b o d i m e n t   i s  

i l l u s t r a t e d   showing   an  e l o n g a t e d   r e c t a n g u l a r   p r i s m a t i c   e l e m e n 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   96.  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   9,  e l e m e n t   96  i s   embedded  be low  s u r f a c e   20 

i n t o   m a t r i x   18  w i t h   o p p o s i n g   s i d e s   98  g e n e r a l l y   p a r a l l e l   to  t h e  

n o r m a l   to  s u r f a c e   20.   H o w e v e r ,   one  end  s u r f a c e   100  i s  

s u b s t a n t i a l l y   or  f u l l y   e x p o s e d   a b o v e   s u r f a c e   20  w h i l e   t h e  

o p p o s i n g   end  s u r f a c e   102,   on ly   t he   edge  of  wh ich   is   shown  i n  

F i g u r e   10,  is  d i s p o s e d   b e n e a t h   s u r f a c e   20.  Thus ,   m a t r i x   m a t e r i a l  

18  is  d i s p o s e d   over  at  l e a s t   a  p o r t i o n   of  one  end  of  e l e m e n t   96 

and  forms  a  p l u r a l i t y   of  l o c k i n g   p o i n t s   104.  A  w e d g e d - s h a p e  

e x t e n s i o n   of  m a t r i x   18  is   i n t e g r a l l y   fo rmed   over   s u b m e r g e d   e n d  

102  t h u s   p r o v i d i n g   the  m e c h a n i c a l   l o c k i n g   which   p r e v e n t s   a n y  

s u b s t a n t i a l   d i s l o d g m e n t   of  e l e m e n t   96  from  s u r f a c e   20.  A g a i n ,  

e l e m e n t   96  has   been  shown  as  h a v i n g   a  s u b s t a n t i a l l y   e l o n g a t e d  

l o n g i t u d i n a l   a x i s   106,  a l t h o u g h   i t   mus t   be  u n d e r s t o o d   t h a t   t h e  

p r o p o r t i o n s   of  e l e m e n t   96  are  a r b i t r a r i l y   f i x e d   and  cou ld   be  

c h o s e n   to  i n c l u d e   the  e m b o d i m e n t   of  F i g u r e   3,  which   is  c u b i c ,   a s  

w e l l .  

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

e m b o d i m e n t   of  F i g u r e   11  w h e r e i n   a  f l a t   t r i a n g u l a r   e l e m e n 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   1 0 8 ,   i s   shown  i n  

p e r s p e c t i v e   view  d i s p o s e d   w i t h i n   m a t r i x   18.  T r i a n g u l a r   e l e m e n t  



108  is   c h a r a c t e r i s e d   by  a  l o n g i t u d i n a l   a x i s   110  in  a  d i r e c t i o n  

iormal   to  p a r a l l e l   and  o p p o s i n g   end  f a c e s   112.   The  t h i c k n e s s   o f  

e l ement   108  or  t he   d i s t a n c e   b e t w e e n   o p p o s i n g   end  f a c e s   112  i s  

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

Element   108  t h e r e b y   r e s u l t i n g   in  a  f l a t   p l a t e - l i k e   t r i a n g u l a r  

e l e m e n t .   A c c o r d i n g   to  t h e   i n v e n t i o n ,   e l e m e n t   108  i s  

s u b s t a n t i a l l y   e x p o s e d   above   s u r f a c e   20  of  m a t r i x   18  and  l o c k e d  

t h e r e i n   by  a  p l u r a l i t y   of  l o c k i n g   p o i n t s   114.   L o c k i n g   p o i n t s   114  

a re   formed  on  a  l o w e r   p o r t i o n   o f   end  s u r f a c e   112  w h i c h   i s  

d i s p o s e d   b e l o w   s u r f a c e   20  by  v i r t u e   of  t h e   a c u t e   a n g u l a r  

o r i e n t a t i o n   of  e l e m e n t   108  and  i t s   l o n g i t u d i n a l   a x i s   110  f rom  t h e  

n o r m a l .   M a t r i x   m a t e r i a l   18  fo rms   an  i n t e g r a l   edge  over   t h i s  

lower   p o r t i o n   of  e l e m e n t   108  t h u s   d e f i n i n g   and  f o r m i n g   l o c k i n g  

p o i n t s   1 1 4 .  

Turn  now  t o  t h e   e m b o d i m e n t   of  F i g u r e   12  w h e r e i n   a 

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

numera l   116,   i s   shown  in  p e r s p e c t i v e   view  as  embedded   b e l o w  

s u r f a c e   20.  E l e m e n t   116  i n c l u d e s   at   l e a s t   two  o p p o s i n g   p a r a l l e l  

s u r f a c e s   118,  t he   uppe r   of  which   is  shown  in  the  view  of  F i g u r e  

12.  Be tween   o p p o s i n g   p a r a l l e l   s u r f a c e s   118  a re   f o u r   s i d e s  

f o r m i n g   two  o p p o s i n g   p a i r s ,   120  and  122,   a t   l e a s t   one  of  w h i c h  

p a i r s   120  has  a  t r a p e z o i d a l   s h a p 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   2,  s i d e   120,   is   t r a p e z o i d a l ,   w h i l e   s i d e   122  i s  

g e n e r a l l y   r e c t a n g u l a r   as  would  be  p r o d u c e d   by  t r u n c a t i n g   t h 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   10  of  F i g u r e   2  a l o n g   a  p l a n e  

p a r a l l e l   to  ba se   14a .   T h e r e f o r e ,   in  the   e m b o d i m e n t   of  F i g u r e   12 



a  p l u r a l i t y   of  l o c k i n g   p o i n t s   124  a re   formed  a l o n g   lower   edge  o f  

s i d e s   122  in  the   same  manner   as  l o c k i n g   p o i n t s   26  a re   formed  i n  

the  embod imen t   of  F i g u r e   2  w i t h   r e s p e c t   to  e l e m e n t   10.  T h u s ,  

e l e m e n t   116  is   l o c k e d   w i t h i n   the  m a t r i x   18  in  s u b s t a n t i a l l y   t h e  

same  m a n n e r .  

Turn  now,  h o w e v e r ,   to  the  e m b o d i m e n t   of  the   i n v e n t i o n   a s  

i l l u s t r a t e d   in  F i g u r e s   13  and  14  w h e r e i n   a  t r a p e z o i d a l   p r i s m a t i c  

e l e m e n t   126  i s   shown  as  embedded  in  an  i n c l i n e d   o r i e n t a t i o n   i n  

the  m a t r i x   18  and  i s   l o c k e d   t h e r e i n   by  h a v i n g   p o r t i o n s   b e l o w  

s u r f a c e   20.  More  p a r t i c u l a r l y ,   e l e m e n t   126  is   shown  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 s   12  and  13  as  f u l l y   t r a p e z o i d a l  

in  the  s ense   t h a t   p a r a l l e l   r e c t a n g u l a r   f a c e s   128  a re   c o n n e c t e d   by 

four   a d j a c e n t   t r a p e z o i d a l - s h a p e d   f a c e s   formed  in  o p p o s i n g   p a i r s ,  

namely  s u r f a c e s   130  and  132.  However ,   i t   must   be  e x p r e s s l y  

u n d e r s t o o d   t h a t   the  somewhat   s i m p l e r   t r a p e z o i d a l   e l e m e n t   116  o f  

F i g u r e   12  c o u l d   be  e m p l o y e d   w i t h   a p p r o p r i a t e   m o d i f i c a t i o n s  

a c c o r d i n g   to  the  i n v e n t i o n   in  a  s u b s t a n t i a l l y   s i m i l a r   e m b o d i m e n t  

to  t h a t   shown  and  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 s   13  and  1 4 .  

With  c o n t i n u e d   r e f e r e n c e   to  F i g u r e s   13  and  14,  e l e m e n t  

126  is  d i s p o s e d   w i t h i n   an  i n c l i n e d   p o r t i o n   134  of  m a t r i x   m a t e r i a l  

18  which  p o r t i o n   1 3 4 ' o f   m a t r i x   m a t e r i a l   18  fo rms   an  i n c l i n e d  

s l o p e   or  s u p p o r t   i n t o   which  e l e m e n t   126  i s   embedded  and  l o c k e d .  

The  e m b o d i m e n t s   of  F i g u r e s   13  and  14  i n c o r p o r a t e   the   c o n c e p t   o f  

an  i n c l i n e d   land   on  the  b i t   f a c e .   S u p p o r t e d   c u t t e r   or  t o o t h  

s t r u c t u r e s   a re   d i s t i n g u i s h a b l e   and  are  b e t t e r   shown  in  t h e  



f o l l o w i n g   i n c o r p o r a t e d   a p p l i c a t i o n s   a s s i g n e d   to  the  same  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 :  

In  t he   i l l u s t r a t e d   e m b o d i m e n t ,   one  end  s u r f a c e   132  a s  

shown  in  F i g u r e s   13  and  14  i s   f u l l y   e x p o s e d   and  is  g e n e r a l l y  

c o p l a n a r   w i th   s u r f a c e   20.  In  a d d i t i o n   t h e r e t o ,   the   u p p e r  

p a r a l l e l   r e c t a n g u l a r   s i d e   128  i s   f u l l y   e x p o s e d   as  w e l l .   H o w e v e r ,  

each   of  the  t h r e e   r e m a i n i n g   s i d e   s u r f a c e s   130  and  the   o p p o s i n g  

end  s u r f a c e   132  a re   embedded  w i t h i n   m a t r i x   18  be low  s u r f a c e   2 0 .  

On  each  of  t h e s e   embedded  s u r f a c e s   a  p l u r a l i t y   of  l o c k i n g   p o i n t s  

136  are   thus   formed  by  the   i n t e g r a l   e x t e n s i o n   of  m a t r i x   18  o v e r  

u n d e r l y i n g   s i d e s   130  and  132.  Thus ,   at   l e a s t   a l ong   s i d e s   130  a n d  

p o s s i b l y   a l ong   o p p o s i n g   lower   s i d e   132  d e p e n d i n g   upon  the  a n g u l a r  

o r i e n t a t i o n   of  e l e m e n t   126  w i t h   r e s p e c t   to  the  l o c a l   s u r f a c e  

n o r m a l ,   a  p l u r a l i t y   of  l o c k i n g   p o i n t s   136  a re   d e f i n e d   a n d  

e s t a b l i s h e d   which  w i l l   p r e v e n t   the   movement   of  e l e m e n t   126  n o t  

on ly   in  any  a z i m u t h a l   d i r e c t i o n   a c r o s s   s u r f a c e   20,  but   i n  t h e  

v e r t i c a l   d i r e c t i o n   as  w e l l .  

The  e m b o d i m e n t s   t h u s   d e s c r i b e d   in  c o n n e c t i o n   w i t h  



F i g u r e s   1-14  have  been  d e s c r i b e d   in  each  case   in  c o n n e c t i o n   w i t h  

a  r e g u l a r   g e o m e t r i c   s h a p e .   C l e a r l y ,   the   i n v e n t i o n   cou ld   b e  

employed   w i th   many  o t h e r   g e o m e t r i c   s h a p e s   o t h e r   t han   t h o s e   s h o w n  

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

in  a d d i t i o n   to  r e g u l a r   g e o m e t r i c   s h a p e s ,   s p e c i a l i z e d   or  f r e e - f o r m  

s h a p e s   can  a l s o   be  b e n e f i c i a l l y   e x p l o i t e d   to  expose   a  d i a m o n d  

c u t t i n g   e l e m e n t   above  a  m a t r i x   f a c e .   Turn  now  to  F i g u r e   15  f o r  

one  such  e m b o d i m e n t .   F i g u r e   15  i l l u s t r a t e s   a  p e r s p e c t i v e   view  o f  

a  c u r v a l i n e a r ,   f r e e - f o r m   s y n t h e t i c   d i amond   e l e m e n 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   138.  E l e m e n t   138  in  the  i l l u s t r a t e d  

e m b o d i m e n t   is   shown  as  h a v i n g   an  e l o n g a t e d   body  c h a r a c t e r i s e d   b y  

a  smooth  a p i c a l   s u r f a c e   140  and  a  r o u n d e d   nose  p o r t i o n   142  w h i c h  

may  be  o r i e n t e d   in  the  d i r e c t i o n   of  c u t t i n g   as  d e f i n e d   b y  

r o t a t i o n   of  the  d r i l l   b i t .   From  a p i c a l   s u r f a c e   140,  the   s i d e s   o f  

e l e m e n t   138  s l o p e d   downward ly   and  are  f l a r e d   o u t w a r d l y   to  form  a 

g e n e r a l l y   f l a t   b a s a l   s u r f a c e   144  and  a  p e r i p h e r a l   l i p   146.  T h e  

s u r f a c e   a d j o i n i n g   the  s i d e s   of  e l e m e n t   138  w i th   l i p   146  are  t h u s  

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

148.   E l e m e n t   138  is  t h e r e f o r e   d i s p o s e d   w i t h i n   m a t r i x   18  b e l o w  

s u r f a c e   20  so  t h a t   l i p   146  is   s u b s t a n t i a l l y   or  f u l l y   e m b e d d e d  

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

s u r f a c e   148.  M a t r i x   m a t e r i a l   18  i s   t h e r e f o r e   molded  abou t   a n d  

above   l i p   146,   which  forms  a  p e d e s t a l   embedded  i n t o   m a t r i x   1 8 .  

The  r e m a i n i n g   p o r t i o n   of  d iamond  e l e m e n t   138  is  f u l l y   e x p o s e d  

above   m a t r i x   s u r f a c e   20.  T h e r e f o r e ,   a l ong   the  e n t i r e   p e r i p h e r y  

of  l i p   146,  a  p l u r a l i t y   of  l o c k i n g   p o i n t s   150  are   d e f i n e d   a n d  

e s t a b l i s h e d   which  p r o v i d e   a  means  of  m e c h a n i c a l l y   l o c k i n g   d i a m o n d  



e l e m e n t   138  o n t o   and  below  s u r f a c e   20.  C l e a r l y ,   many  o t h e r  

f r e e - f o r m   s h a p e s   o t h e r   t han   t h a t   one  which   i s   a r b i t r a r i l y   c h o s e n  

h e r e   to  i l l u s t r a t e   the   i n v e n t i o n   in  the  e m b o d i m e n t   of  F i g u r e   15 

c o u l d   be  d e v i s e d   as  w e l l   w i t h o u t   d e p a r t i n g   from  the   t e a c h i n g   o f  

the   i n v e n t i o n .  

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  by  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  t h e  

t e a c h i n g s   of  the   i n v e n t i o n   as  s e t   f o r t h   h e r e i n .   The  i l l u s t r a t e d  

e m b o d i m e n t s   have   been   c h o s e n   o n l y   as  a  means  of  example   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   s cope   of  t he   i n v e n t i o n   w h i c h  

is   d e f i n e d   in  the   f o l l o w i n g   c l a i m s .  



1.  A  c u t t e r   in  a  d r i l l   b i t   made  of  ma t r . ix   m a t e r i a l  

c o m p r i s i n g :  

a  d iamond  body  d i s p o s e d   in  s a i d   m a t r i x   m a t e r i a l   of  s a i d  

d r i l l   b i t   and  s u b s t a n t i a l l y   e x p o s e d   above  the  s u r f a c e   of  t h e  

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

c o n f i g u r a t i o n ,   s a i d   d iamond  body  b e i n g   d i s p o s e d   in  s a i d   m a t r i x  

m a t e r i a l   to  e s t a b l i s h   a t   l e a s t   two  l o c k i n g   p o i n t s   b e t w e e n   s a i d  

diamond  body  and  s a i d   m a t r i x   m a t e r i a l ,   whe reby   s a i d   d iamond  b o d y  

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

e x p o s u r e   of  s a i d   d iamond   body  above  the   s u r f a c e   of  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 id   d iamond  body  i s  

d i s p o s e d   in  s a i d   m a t r i x   m a t e r i a l   of  s a i d   d r i l l   b i t   to  e s t a b l i s h   a 

p l u r a l i t y   of  l o c k i n g   p o i n t s .  

3.  The  c u t t e r   of  Claim  1  w h e r e i n   s a i d   at  l e a s t   two 

l o c k i n g   p o i n t s   are   d i s p o s e d   on  s a i d   d iamond  body  at   d i a m e t r i c a l l y  

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

4.  The  c u t t e r   of  Claim  2  w h e r e i n   s a id   p l u r a l i t y   o f  



l o c k i n g   p o i n t s   a re   e s t a b l i s h e d   b e t w e e n   s a i d   d i amond   body  a n d  

m a t r i x   m a t e r i a l   to  i n c l u d e   a t   l e a s t   two  s u b p l u r a l i t i e s   l o c k i n g  

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

5.  The  c u t t e r   of  Claim  1  w h e r e i n   s a i d   d iamond  body  i s  

d i s p o s 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   and  w h e r e i n   more  t h a n  

o n e - t h i r d   of  a t   l e a s t   one  l i n e a r   d i m e n s i o n   of  s a i d   d iamond  b o d y  

is   e x p o s e d   and  e x t e n d s   above  the   s u r f a c e   of  s a i d   d r i l l   b i t .  

6.  The  c u t t e r   of  Claim  1  w h e r e i n   s a i d   d iamond   body  is   a 

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   and  w h e r e i n   more  t h a n   30  p e r c e n t   o f  

the  h e i g h t   of  s a i d   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   i s   e x p o s e d   a b o v e  

the  s u r f a c e   of  s a i d   d r i l l   b i t .  

7.  The  c u t t e r   of  Claim  6  w h e r e i n   s a i d   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   i s   c h a r a c t e r i s e d   by  two  o p p o s i n g   t r i a n g u l a r  

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

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   d i s p o s e d   in  s a i d   m a t r i x   m a t e r i a l   o f  

s a id   d r i l l   b i t   so  t h a t   one  of  s a i d   s i d e s   fo rms   a  base   d i s p o s 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   and  s a i d   a d j a c e n t   two  s i d e s   a r e  

exposed   above  the  s u r f a c e   of  s a i d   m a t r i x   m a t e r i a l .  

8.  The  c u t t e r  o f   Claim  1  w h e r e i n   s a i d   s u r f a c e   of  s a i d  

m a t r i x   m a t e r i a l   is   l o c a l l y   p l a n a r   above  s a id   d iamond  body  t h e r e b y  

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

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



9.  The  c u t t e r   of   Claim  2  w h e r e i n   s a i d   d iamond  body  i s  

r e c t a n g u l a r , .   s a i d   r e c t a n g u l a r   d iamond  body  c h a r a c t e r i s e d   by  a t  

l e a s t   one  f u l l y   e x p o s e d   f a c e   and  an  o p p o s i n g   f a c e   d i s p o s e d   a t  

l e a s t   in  p a r t   b e n e a t h   s a i d   s u r f a c e   of  s a i d   m a t r i x   m a t e r i a l ,   s a i d  

exposed   f ace   and  o p p o s i n g   f a c e   of  s a i d   r e c t a n g u l a r   d iamond  b o d y  

b e i n g   i n c l i n e d   wi th   r e s p e c t   to  the  n o r m a l   of  s a i d   s u r f a c e   at   t h e  

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

s a i d   r e c t a n g u l a r   d iamond  body  above  a t   l e a s t   one  o t h e r   c o r n e r   o f  

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

e s t a b l i s h e d   at   s a i d   h i g h e r   one  of  s a i d   i n c l i n e d   c o r n e r s .  

10.  The  c u t t e r   of  Claim  2  w h e r e i n   s a i d   d iamond  body  i s  

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

of  symmet ry ,   s a i d   d iamond  body  be ing   d i s p o s e d   at  l e a s t   in  p a r t  

w i t h i n   s a i d   m a t r i x   m a t e r i a l   such  t h a t   s a i d   a x i s   of  symmet ry   i s  

i n c l i n e d   w i th   r e s p e c t   to  the  normal   to  s a i d   s u r f a c e   of  s a i d  

m a t r i x   m a t e r i a l   at  the  l o c a t i o n   of  s a i d   d iamond   body ,   s a i d  

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

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

s a id   m a t r i x   m a t e r i a l .  

11.  The  c u t t e r   of  Claim  2  w h e r e i n   s a i d   d iamond  body  i s  

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

t r i a n g u l a r   f a c e s   and  t h r e e '  a d j a c e n t   s i d e s   t h e r e b e t w e e n ,   s a i d  

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

l o n g i t u d i n a l   a x i s   g e n e r a l l y   p a r a l l e l   to  each  of  s a i d   s i d e s ,   s a i d  

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



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

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

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

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

d i s p o s 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 .  

12.  The  c u t t e r   of  Claim  2  w h e r e i n   s a i d   d iamond  body  i s  

g e n e r a l l y   o v u l a t e   and  i s   c h a r a c t e r i s e d   by  a  m a j o r   a x i s ,   s a i d  

o v u l a t e   d iamond   body  b e i n g   d i s p o s 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  

in  p a r t   w i t h   s a i d   m a j o r   a x i s   i n c l i n e d   w i t h   r e s p e c t   to  the   n o r m a l  

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

o v u l a t e   d iamond   body ,   s a i d   p l u r a l i t y   of  l o c k i n g   p o i n t s   b e i n g  

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

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

13.  The  c u t t e r   of  C la im  2  w h e r e i n   s a i d   d iamond  body  i s  

a  p l a t e - l i k e   body  d e f i n i n g   a  n o r m a l   a x i s   to  s a i d   p l a t e - l i k e   b o d y ,  

s a i d   no rma l   a x i s   of  s a i d   p l a t e - l i k e   body  be ing   i n c l i n e d   w i t h  

r e s p e c t   to  the  normal   of  s a i d   s u r f a c e   of  s a i d   m a t r i x   m a t e r i a l   a t  

the   l o c a t i o n   of  s a i d   d iamond  body ,   s a i d   p l u r a l i t y   of  l o c k i n g  

p o i n t s   be ing   e s t a b l i s h e d   at   a  p o r t i o n   of  s a i d   p l a t e - l i k e   b o d y  

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

14.  The  c u t t e r   of  Claim  13  w h e r e i n   s a i d   p l a t e - l i k e   b o d y  

is   a  c i r c u l a r   d i s k .  



15.  The  c u t t e r   of  Claim  13  w h e r e i n   s a i d   p l a t e - l i k e   b o d y  

is  a  t r i a n g u l a r   shaped   d iamond  s l a b .  

16.  The  c u t t e r   of  Claim  13  w h e r e i n   s a i d   p l a t e - l i k e   b o d y  

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

17.  The  c u t t e r   of  Claim  13  w h e r e i n   s a i d   p l a t e - l i k e   b o d y  

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

18.  The  c u t t e r   of  Claim  13  w h e r e i n   s a i d   p l a t e - l i k e   b o d y  

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

19.  The  c u t t e r   of  Claim  13  w h e r e i n   s a i d   p l a t e - l i k e   b o d y  

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

20.  A  d iamond  c u t t e r   for  use  in  a  r o t a t i n g   d r i l l   b i t ,  

s a i d   d r i l l   b i t   made  of  m a t r i x   m a t e r i a l ,   s a i d   m a t r i x   m a t e r i a l  

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

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

d i s p o s 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   of  s a i d   d r i l l   b i t   in  a 

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

w i t h i n   sa id   m a t r i x   m a t e r i a l   d e t e r m i n e d   by  s a i d   shape   of  s a i d  

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

e s t a b l i s h e d   on  s a i d   d iamond  body  b e t w e e n   s a i d   d iamond  body  and  

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   s a i d   d iamond  c u t t e r   is  s e c u r e l y   a t t a c h e d   to  s a i d  

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



s a i d   s u r f a c e   of  s a i d   d r i l l  b i t .  

21.  An  i m p r o v e m e n t   in  a  d i a m o n d   d r i l l   b i t   i n c o r p o r a t i n g  

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

i n c o r p o r a t i n g   a  d iamond  body  a t t a c h e d   to  s a i d   d r i l l   b i t ,   s a i d  

d r i l l   b i t   made  of  m a t r i x   m a t e r i a l ,   s a i d   m a t r i x   m a t e r i a l   d e f i n i n g  

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

p r e d e t e r m i n e d   u n s u p p o r t e d   d i s p o s i t i o n   of  each   d iamond  body  o f  

each   c u t t e r   of  s a i d   d r i l l   b i t   i n t o   s a i d   m a t r i x   m a t e r i a l   t o  

e s t a b l i s h   a t   l e a s t   two  l o c k i n g   p o i n t s   on  each  s a i d   d iamond  b o d y  

and  b e t w e e n   each   s a i d   d iamond  body  and  m a t r i x   m a t e r i a l ,   w h e r e b y  

s a i d   d iamond  body  is  s e c u r e l y   r e t a i n e d   on  s a i d   d r i l l   b i t   w h i l e  

a l l o w i n g   s u b s t a n t i a l   e x p o s u r e   of  s a i d   d iamond  above  s a id   s u r f a c e  

of  s a i d   m a t r i x   m a t e r i a l .  

22.  A  d iamond  c u t t e r   for   use  in  a  m a t r i x   d r i l l   b i t  

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

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

e x t e n d i n g   above  s a i d   b i t   f a c e ,   s a i d   d iamond  e l e m e n t   o r i e n t e d  

t h e r e i n   to  a c u t e l y   i n c l i n e   at   l e a s t   one  s u r f a c e   of  s a i d   e l e m e n t  

w i t h   r e s p e c t   to  the  normal   to  s a i d   b i t   f a c e   at   the  l o c a t i o n   o f  

s a i d   d iamond  e l e m e n t   to  form  a  l o c k i n g   wedge  of  s a i d   m a t r i x  

m a t e r i a l   t h e r e o v e r ,  

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

s u b s t a n t i a l   e x p o s u r e   above  s a i d   b i t   f a c e .  
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