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LILUNLSE  WC1V6DE(GB) 

Drill  bit  assembly  with  fluid  separator. 

  In  order  to  prevent  moisture  in  the  air  supply  to  a  drill  bit 
assembly  (18)  generating  mud  in  the  area  of  the  cones  (22),  di- 
verter  means  (64)  is  provided  within  a  plenum  chamber  (40) 
through  which  a  first  flow  path  for  air  to  the  cones  flows.  A 
stand  pipe  (62)  can  be  supported  on  an  orifice  plate  (46)  and 
extending  above  the  openings  (52)  of  conduits  (54)  providing 
a  second  air  flow.  Perforations  in  the  stand  pipe  (62)  are  above 
the  level  of the  second  conduits  (54).  A  fluid  flow  diverter  (64) 
at the  end  of the  stand  pipe  is  preferably  of  conical  shape,  larger 
diameter  than  the  stand  pipe  and  arranged  so  that  its  edges  ex- 
tend  below  some  of  the  perforations  on  the  stand  pipe  so  that 
air  entering  the  first  flow  must  reverse  course  to  pass  through 
the  perforations.  Water  cannot  readily  reverse  in  this  manner. 
The  larger  second  flow  laterally  out  of  the  housing  near  the 
base  of  the  plenum  chamber  below  the  stand  pipe  perforations 
is  redirected  away  from  the  cutting  cones  (22)  but  picks  up  the 
dust  and  cuttings  fed  to  it  by  the  first  flow  and  carries  them  out 
of  the  drill  hole. 

Air  for  an  air  cooling  and  lubricating  system  for  the 
bearings  can  be  taken  from  the  plenum  chamber  (40)  above  the 
diverter  means  (64)  and  fed  through  channels  (72,  76,  80)  to 
the  bearings  (24).  The  channel  (72)  leading  from  the  plenum 
may  be  shielded  (by  70)  in  the  direction  of  fluid  flow,  again  to 
require  air  entering  it  to  reverse  its  flow  direction. 



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

The  p r e s e n t   i n v e n t i o n   r e l a t e s   g e n e r a l l y   to  d r i l l  

b i t   a s s e m b l i e s   a n d ,   more  p a r t i c u l a r l y ,   to  such   a  d r i l l  

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

f o r   use  w i t h   a  r o t a r y   d r i l l   f o r   d r i l l i n g   i n t o   a  

r e l a t i v e l y   h a r d   m a t e r i a l ,   such   as  r o c k   and  t h e  

l i k e .  

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

T y p i c a l   p r i o r   a r t   r o t a r y   d r i l l   b i t   a s s e m b l i e s   u s e d  

f o r   d r i l l i n g   i n t o   r o c k   or  o t h e r   such   r e l a t i v e l y   h a r d  

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

h o u s i n g   or  a d a p t e r   sub  to  w h i c h   is  a t t a c h e d   a  b i t   w h i c h  

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

m o u n t e d   r o t a r y   c u t t i n g   c o n e s   on  the   l o w e r   end  t h e r e o f .  

The  u p p e r   end  of  t he   a d a p t e r   sub  is  a d a p t e d   to  e n g a g e  
f o r   r o t a t i o n   a  r o t a r y   d r i l l ,   e i t h e r   d i r e c t l y   or  t h r o u g h  

the   use  of  a  s u i t a b l e   e x t e n s i o n   d r i l l   p i p e   w h e n  

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

c e n t r a l   c o n d u i t   w h i c h   e x t e n d s   f rom  the   r o t a r y   d r i l l   ( o r  

the   e x t e n s i o n   p i p e )   to  the   v i c i n i t y   of  the   c u t t i n g  

c o n e s .   D u r i n g   the   d r i l l i n g   o p e r a t i o n ,   p r e s s u r i z e d   a i r  

from  the   r o t a r y   d r i l l   f l o w s   ( e i t h e r   d i r e c t l y   or  v i a   t h e .  

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

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



d i r e c t l y   or  t h r o u g h   j e t   n o z z l e s   p o s i t i o n e d   b e t w e e n   t h e  

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

upon  the   r o c k   or  o t h e r   such   m a t e r i a l   b e i n g   d r i l l e d   a n d  

a c t s   as  a  s c a v e n g i n g   medium  to  p i c k   up  d u s t ,   c u t t i n g s  

and  o t h e r   s u c h   d e b r i s   and  c a r r i e s   them  u p w a r d l y   p a s t  

the   r o t a t i n g   c u t t i n g   c o n e s   and  ou t   of  the   d r i l l   h o l e .  

W a t e r   or  o t h e r   such   w e t t i n g   a g e n t s   may  be  added   to  t h e  

a i r   f l o w   c o n t i n u o u s l y   or  i n t e r m i t t e n t l y   as  r e q u i r e d   t o  

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

o p e r a t i o n .   A  p o r t i o n   of  t he   a i r   f l o w   may  a l s o   b e  

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

b e a r i n g s   to  c o o l   t he   b e a r i n g s   and  to  h e l p   p r e v e n t   t h e  

e n t r y   of  d u s t   f rom  the   c u t t i n g s   or  o t h e r   e x t r a n e o u s  

m a t e r i a l   i n t o   t he   b e a r i n g s .  

Whi l e   t he   a b o v e - d e s c r i b e d   p r i o r   a r t   d r i l l   b i t s   a r e  

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

o t h e r   such   r e l a t i v e l y   h a r d   m a t e r i a l s ,   t h e y   s u f f e r   f r o m  

c e r t a i n   o p e r a t i o n a l   d r a w b a c k s .   I t   has  been   f o u n d   t h a t  

the   h i g h   v e l o c i t y   a i r   d i s c h a r g e d   from  the  c e n t r a l  

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

d u s t   f rom  t he   b o t t o m   of  t he   d r i l l   h o l e   t o ,   in  e f f e c t ,  

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

e x c e s s i v e   wear   and  d e c r e a s i n g   t h e i r   u s e f u l   s e r v i c e  

l i f e .   D u r i n g   t h o s e   p e r i o d s   of  t ime   when  w a t e r   or  a n y  
o t h e r   s u c h   w e t t i n g   a g e n t   is  a d d e d   to  the   a i r   f l ow  t o  

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

a c c u m u l a t e   in  t he   b o t t o m   of  the   d r i l l   h o l e   and  form  mud 

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

and  d i s r u p t s   t he   d r i l l i n g   o p e r a t i o n .  
Our  c o - p e n d i n g   E u r o p e a n   p a t e n t   a p p l i c a t i o n   No .  

8 3 3 0 6 3 2 1 4 f i l e d   O c t o b e r   18,  1983 ,   e n t i t l e d   " D r i l l   B i t  

A s s e m b l y " ,   d i s c l o s e s   a  d r i l l   b i t   a s s e m b l y   w h i c h  

o v e r c o m e s   many  of  the   d r a w b a c k s   of  the   p r i o r   a r t   b y  



d i v i d i n g   the   p r e s s u r i z e d   a i r   f l ow  in  the  a d a p t e r   s u b  

i n t o   two  p o r t i o n s   to  p r o v i d e   a  f i r s t   d o w n w a r d l y  

d i r e c t e d   f l o w   of  a i r   to  p i c k   up  and  remove   d u s t   a n d  

c u t t i n g s   f rom  the   v i c i n i t y   of  the   c u t t i n g   c o n e s ,   and  a  

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

d u s t   and  c u t t i n g s   away  f rom  the  a d a p t e r   sub  and  ou t   o f  

the   d r i l l   h o l e .   The  p r e s e n t   i n v e n t i o n   is  a  f u r t h e r  

i m p r o v e m e n t   upon  the   d r i l l   b i t   a s s e m b l y   of  t h e  

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

i n v e n t i o n ,   a  s e p a r a t o r   means   is  e m p l o y e d   to  s e p a r a t e  

ou t   any  m o i s t u r e   f rom  the   p r e s s u r i z e d   a i r   w h i c h   f o r m s  

t he   f i r s t   d o w n w a r d l y   d i r e c t e d   a i r   f l o w .   In  t h i s  

m a n n e r ,   the   a c c u m u l a t i o n   of  w a t e r   at   the  b o t t o m   of  t h e  

d r i l l   h o l e   is  m i n i m i z e d .  

Summary  of  t he   I n v e n t i o n  

B r i e f l y   s t a t e d ,   t he   p r e s e n t   i n v e n t i o n   p r o v i d e s   a n  

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

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

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

h a v i n g   a  d r i l l   end  a d a p t e d   f o r   a t t a c h m e n t   to  a  r o t a r y  
d r i l l   and  a  t o o l   end  f o r   r e c e i v i n g   a  t o o l   h a v i n g   a t  

l e a s t   one  c u t t i n g   c o n e ,   f o r   e n g a g i n g   and  c u t t i n g   a  

d r i l l   h o l e   i n t o   the   m a t e r i a l   to  be  d r i l l e d .   A  p l e n u m  

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

p r e s s u r i z e d   g a s e o u s   f l u i d   f rom  a  f l u i d   s o u r c e .   F i r s t  

c o n d u i t   means   is  p r o v i d e d   w i t h i n   the   h o u s i n g   f o r  

d i r e c t i n g   a  f i r s t   f l ow  of  f l u i d   from  the  p l e n u m   c h a m b e r  

o u t   of  the   h o u s i n g   a d j a c e n t   the   a t   l e a s t   one  c u t t i n g  

cone   i n t o   the   d r i l l   h o l e   and  i n t o   i m p i n g e m e n t   upon  t h e  

m a t e r i a l   b e i n g   d r i l l e d   to  p i c k   up  and  r emove   a l o n g   t h e  

h o u s i n g   d u s t   and  c u t t i n g s   f rom  the  v i c i n i t y   of  t h e  

c u t t i n g   c o n e .   S e p a r a t o r   means   is  s u p p o r t e d   w i t h i n   t h e  



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

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

m o i s t u r e   o u t   of  t h e   f i r s t   f l o w   of  f l u i d   p r i o r   to  t h e  

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

c o n d u i t   means   is   p r o v i d e d   w i t h i n   the   h o u s i n g   f o r  

d i s c h a r g i n g   g e n e r a l l y ,   t o w a r d   the   d r i l l   end  of  t h e  

h o u s i n g ,   a  s e c o n d   f l o w   of  f l u i d   ou t   of  the   p l e n u m  

c h a m b e r   away  f rom  t he   c u t t i n g   c o n e .   The  f i r s t   f l o w   o f  

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

c o n v e y i n g   d u s t   and  c u t t i n g s   r e m o v e d   f rom  t he   v i c i n i t y  

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

i s   of  s u f f i c i e n t   m a g n i t u d e   to  c o n v e y   the   d u s t   a n d  

c u t t i n g s   away  f rom  t he   b i t   a s s e m b l y   and  ou t   of  t h e  

d r i l l   h o l e .  

B r i e f   D e s c r i p t i o n   of  t he   D r a w i n g s  

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

p r e s e n t   i n v e n t i o n ,   w i l l   be  b e t t e r   u n d e r s t o o d   when  r e a d  

in  c o n j u n c t i o n   w i t h   t he   a c c o m p a n y i n g   d r a w i n g s ,   i n  

w h i c h :  

F i g .   1  i s   a  t r a n s v e r s e   s e c t i o n a l   v i ew   of  a  

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

p r e s e n t   i n v e n t i o n ;  

F i g .   2  i s   an  e n l a r g e d   s e c t i o n a l   v i e w   of  a  p o r t i o n  

of  F i g .   1  t a k e n   a l o n g   the   s e c t i o n   l i n e   2-2  of  F i g .   1 ;  

a n d  

F i g .   3  i s   an  e n l a r g e d   s e c t i o n a l   v i e w   of  a  p o r t i o n  

of  F i g .   1  t a k e n   a l o n g   s e c t i o n   l i n e   3-3  of   F i g .   1 .  

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

R e f e r r i n g   to  t he   d r a w i n g s ,   and  p a r t i c u l a r l y   t o  

F i g .   1,  t h e r e   is   shown  a  s e c t i o n a l   v i e w   of  a  p r e f e r r e d  

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



d e s i g n a t e d   10,  in  a c c o r d a n c e   w i t h   the   p r e s e n t  
i n v e n t i o n .   A  d r i l l   b i t   a s s e m b l y   of  the   t y p e   shown  may  
be  used   in  c o n j u n c t i o n   w i t h   a  s t a n d a r d   r o t a r y   d r i l l  

( n o t   shown)   f o r   d r i l l i n g   i n t o   r e l a t i v e l y   h a r d   m a t e r i a l ,  

such   as  r o c k   or  the   l i k e   ( n o t   shown)  and  has  f o u n d  

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

The  d r i l l   b i t   a s s e m b l y   10  is  g e n e r a l l y   c o m p r i s e d  
of  two  m a j o r   s u b a s s e m b l i e s ;   an  a d a p t e r   s u b a s s e m b l y   o r  

" a d a p t e r   sub"   12  and  a  b i t   s u b a s s e m b l y   or  " b i t "   1 4 ,  

w h i c h   p r o v i d e s   the   c u t t i n g   t o o l .   The  b i t   14  c o m p r i s e s  

an  i r r e g u l a r l y   s h a p e d   h o u s i n g   18  h a v i n g   a  

f r u s t o c o n i c a l l y - s h a p e d   n i p p l e   20  f o r   e n g a g i n g   a  

c o m p l e m e n t a r y   s i z e d   and  s h a p e d   t a p e r e d   s o c k e t   21  on  t h e  

a d a p t e r   sub  12  as  shown .   The  n i p p l e   20  and  s o c k e t   21  

a re   t h r e a d e d   a s  i n d i c a t e d   a t   16  to  r e l e a s a b l y   s e c u r e  

t he   a d a p t e r   sub  12  and  the   b i t   14  to  form  a  c o m p l e t e  
d r i l l   b i t   a s s e m b l y   1 0 .  

The  " b i t "   a s s e m b l y   h o u s i n g   18  i s   a d a p t e d   t o  

r o t a t a b l y   s u p p o r t   t h r e e   r o t a r y   c u t t e r s   or  c u t t i n g   c o n e s  
22  ( o n l y   one  of  w h i c h   is  shown  on  F i g .   1  f o r   p u r p o s e s  
of  c l a r i t y ) .   The  c u t t i n g   c o n e s   22  a r e   e a c h   j o u r n a l l e d  

f o r   i n d e p e n d e n t   r o t a t i o n   upon  b e a r i n g s   24  w h i c h ,   in  t h e  

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

b e a r i n g s .   S u i t a b l e   s e a l i n g   means   ( n o t   shown)   may  b e  

p r o v i d e d   to  p r e v e n t   d e b r i s   f rom  e n t e r i n g   the   a r e a  
b e t w e e n   the   c u t t i n g   c o n e s   22  and  the   u n d e r l y i n g  

s u p p o r t i n g   h o u s i n g   18  and  f rom  c o n t a c t i n g   the   b e a r i n g s  

24.  The  e x t e r i o r   s u r f a c e   of  e a c h   of  the   c u t t i n g   c o n e s  
22  may  i n c l u d e   a  p l u r a l i t y   of  c u t t i n g   t e e t h   26  w h i c h  

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

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

d r i l l i n g   o p e r a t i o n .   The  t e e t h   26,  as  w e l l   as  t he   o t h e r  

c o m p o n e n t s   of  the   c u t t i n g   c o n e s   22,  a re   g e n e r a l l y  



c o m p r i s e d   of  (o r   at   l e a s t   f a c e d   w i t h )   a  r e l a t i v e l y   h a r d  

m a t e r i a l   s u c h   as  t u n g s t e n   c a r b i d e   or  t he   l i k e .   F o r  -  

p u r p o s e s   w h i c h   w i l l   h e r e i n a f t e r   become  a p p a r e n t ,   t h e  

b i t   h o u s i n g   18  i n c l u d e s   a  g e n e r a l l y  

c y l i n d r i c a l l y - s h a p e d   open   c o n d u i t   28  e x t e n d i n g  

c e n t r a l l y   t h r o u g h   f rom  the   end  of  the   n i p p l e   20  to  t h e  

v i c i n i t y   of  t he   c u t t i n g   c o n e s   2 2 .  

B i t   a s s e m b l i e s   of  t he   g e n e r a l   t y p e   shown  a n d  

d e s c r i b e d   a r e   w e l l   known  in  the   a r t   and  may  b e  

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

s e v e r a l   b i t   m a n u f a c t u r i n g   c o m p a n i e s ,   such   a s ,   V a r e l  

M a n u f a c t u r i n g   Company  of  D a l l a s ,   T e x a s .   A  m o r e  

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

o p e r a t i o n   of  t h e   c o n v e n t i o n a l   b i t   may  be  o b t a i n e d   f r o m  

the   m a n u f a c t u r e r ,   i f   d e s i r e d .  

The  a d a p t e r   sub  12  is   c o m p r i s e d   of  a  g e n e r a l l y  

c y l i n d r i c a l l y - s h a p e d   e l o n g a t e d   h o u s i n g   30  h a v i n g   a  

c o a x i a l   f r u s t o c o n i c a l l y   s h a p e d   d r i l l   end  32.  The  d r i l l  

end  32  of  t h e   h o u s i n g   may  i n c l u d e   s u i t a b l e   t h r e a d i n g   34 

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

33,  u s u a l l y   t h r o u g h   the   i n t e r m e d i a t e   r o t a r y   d r i l l   ( n o t  

s h o w n ) .  

The  a d a p t e r   sub  h o u s i n g   30  i n c l u d e s   a  c y l i n d r i c a l  

b o r e   40  w h i c h   e x t e n d s   c o a x i a l l y   t h r o u g h   the   h o u s i n g   30 

f rom  the   d r i l l   end  32  to   the   t o o l   end  36  and  p r o v i d e s  

t he   f l u i d   r e t a i n i n g   p l e n u m   c h a m b e r .   D u r i n g   t h e  

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

c o m p r e s s e d   f rom  a  s u p p l y   s o u r c e   of  a i r   u n d e r   p r e s s u r e  
( n o t   shown)   w h i c h   is   m a i n t a i n e d   w i t h i n   or  l o c a t e d  

a d j a c e n t   to  t he   s u r f a c e - m o u n t e d   r o t a r y   d r i l l   d r i v e   ( n o t  

s h o w n ) ,   i s   s u p p l i e d   t h r o u g h   s e r i e s   of  p i p e s   f o r m i n g   t h e  

c o n n e c t i o n   to  t h e   d r i l l   b i t   a s s e m b l y .   As  e x t e n s i o n  

p i p e s   33  a r e   a d d e d ,   t h e   p r e s s u r i z e d   a i r   is   s u p p l i e d  



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

b o r e   of  p l e n u m   c h a m b e r   40  of  a d a p t e r   sub  h o u s i n g   3 0 .  

The  p r e s s u r i z e d   a i r   e n t e r s   the   p l e n u m   c h a m b e r   40  at  t h e  

f i r s t   h o u s i n g   end  32.  The  r e c e i v e d   a i r   is  t h e r e a f e r  

d i s t r i b u t e d   in  a  m a n n e r   s i m i l a r   t o ,   bu t   s o m e w h a t  

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

As  in  t he   s i t u a t i o n   of  our   e a r l i e r   i n v e n t i o n  

d u r i n g   the   d r i l l i n g   o p e r a t i o n ,   the   amoun t   of  a i r  

e x i t i n g   the   p l e n u m   c h a m b e r   40  is  d e t e r m i n e d   by  the   s i z e  

of  o p e n i n g   of  a n n u l a r   o r i f i c e   48.  The  o r i f i c e   p l a t e   46 
is   h e l d   in  p l a c e   a g a i n s t   s h o u l d e r   47  by  s n a p   r i n g   4 5 .  

S i n c e   o n l y   one  o r i f i c e   p l a t e   is  used   much  r e d u c e d  

s u p p l y   p r e s s u r e   may  be  u s e d   in  t h i s   d e v i c e ,   t h a n   in  t h e  

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

t h r o u g h   o p e n i n g   48  r e s u l t s   in  a  f i r s t   a i r   f l o w   w h i c h  

e n t e r s   the  b i t   c o n d u i t   28  and  whose  p r e s s u r e   is  v e r y  
s u b s t a n t i a l l y   r e d u c e d   from  t h a t   s u p p l i e d   to  t he   p l e n u m  
c h a m b e r   40.  Much  as  in  the   p r i o r   a r t   d r i l l   b i t s ,   t h e  

f i r s t   f l o w   is  d i r e c t e d   d o w n w a r d l y   t h r o u g h   a  f i r s t  
c o n d u i t   and  is  d i s c h a r g e d   b e t w e e n   the   c u t t i n g   c o n e s   22  

f o r   i m p i n g e m e n t   upon  the   m a t e r i a l   b e i n g   d r i l l e d .   I t  

w i l l   be  o b s e r v e d   t h a t   the   s t r u c t u r e   at   o r i f i c e   48 

e m p l o y s   a  m o d i f i e d   s t r u c t u r e ,   w h i c h   w i l l   be  e x p l a i n e d  
b e l o w .   The  p u r p o s e   of  the   f i r s t   a i r   f low  e x i t i n g   f r o m  

the   p l e n u m   c h a m b e r   40  is   to  c o o l   the   s u r f a c e   of  t h e  

c u t t i n g   c o n e s   22  and  to  s e r v e   as  a  c i r c u l a t i n g   m e d i u m  

to  p i c k   up  and  e x h a u s t   or  r emove   d u s t   and  m a t e r i a l  

c u t t i n g s   f rom  the   d r i l l   h o l e   in  the  v i c i n i t y   of  t h e  

c u t t i n g   c o n e s   22.  The  f o r c e   of  t he   f i r s t   a i r   f l o w  

s e r v e s   to  c o n v e y   the   c u t t i n g s   and  d u s t   u p w a r d l y   p a s t  
the   c u t t i n g   c o n e s   22  and  a r o u n d   the   o u t e r   s u r f a c e   o f  



t he   d r i l l   b i t   10  b e t w e e n   the   b i t   and  the   b o r e   w a l l .  

As  d i s c u s s e d   b r i e f l y   a b o v e ,   in  t he   p r i o r   a r t   d r i l l  

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

b i t   and  i m p i n g e d   d i r e c t l y   upon  the  m a t e r i a l   b e i n g  

d r i l l e d   f o r   t he   r e m o v a l   of  d u s t   and  c u t t i n g s .   I t   w a s  

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

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

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

c u t t i n g   c o n e s   on  the   p r i o r   a r t   d r i l l   b i t s .   With   t h e  

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

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

c a t i o n ,   o n l y   a  p o r t i o n   of  t h e   a i r   f rom  t h e  

p l e n u m   c h a m b e r   40  i s   d i r e c t e d   t h r o u g h   t he   o r i f i c e   48  

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

p l e n u m   c h a m b e r .   T h i s   f i r s t   f l o w   l e a v e s   t he   h o u s i n g  

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

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

in  t he   v i c i n i t y   of  the   c u t t i n g   c o n e s   22.  By  r e d u c i n g  

the   p r e s s u r e   of  t he   a i r   i m p i n g i n g   upon  the   m a t e r i a l ,  

t he   p o t e n t i a l   f o r   damage   to  the   c u t t i n g   c o n e s   22  c a u s e d  

by  t he   s a n d b l a s t i n g   e f f e c t   of  t he   h i g h l y   a b r a s i v e  

c u t t i n g s   and  d u s t   has   been   g r e a t l y   r e d u c e d   f rom  t h a t   o f  

t he   p r i o r   a r t .   As  d i s c u s s e d   b e l o w ,   t he   p r e s s u r e   of  t h e  

f i r s t   a i r   f l o w   o u t   of  the   p l e n u m   c h a m b e r   50  need   o n l y  

be  of  s u f f i c i e n t   m a g n i t u d e   to  p i c k   up  and  r e m o v e   t h e  

d u s t   and  c u t t i n g s   f rom  a r o u n d   the   c u t t i n g   c o n e s   22  a n d  

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

u p w a r d l y   to  be  p i c k e d   up  and  r e m o v e d   f rom  the  d r i l l  

h o l e   by  a  s e c o n d   f l o w ,   in  a  m a n n e r   as  w i l l   h e r e i n a f t e r  

be  d e s c r i b e d .  

T h r e e   p a s s a g e s   52  ( o n l y   one  of  w h i c h   is  shown  o n  

F i g .   1)  e x t e n d   f rom  the   p l e n u m   c h a m b e r   40  t h r o u g h   t h e  



h o u s i n g   30  to  p r o v i d e   s e c o n d   c o n d u i t   means   f o r  

d i s c h a r g i n g   a  s e c o n d   f l o w   of  f l u i d   f rom  the   p l e n u m  

c h a m b e r .   In  t h i s   e m b o d i m e n t ,   the   p a s s a g e s   52  a r e  

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

the   c i r c u m f e r e n c e   of  h o u s i n g   at   a  common  a x i a l   l e v e l  

p r o x i m a t e   to  t he   a n n u l a r   o r i f i c e   p l a t e   46.  E a c h  

p a s s a g e   52  e x t e n d i n g   r a d i a l l y   o u t w a r d l y   and  s l i g h t l y  

d o w n w a r d l y   t o w a r d   the   b i t .   T h r e e   s i m i l a r   r i g h t   a n g l e  

e l b o w   j e t   n o z z l e   a s s e m b l i e s   56  ( o n l y   one  of  wh ich   i s  

shown  in  F i g .   1)  a r e   e a c h   m o u n t e d   on  a  f l a t   s u r f a c e  

n o r m a l   to  b o r e   54  in  a  n i c h e   53  on  the   o u t e r   s u r f a c e   o f  

the   a d a p t e r   sub  h o u s i n g   30.  Each  j e t   n o z z l e   a s s e m b l y  

has  a  j e t   p r o d u c i n g   o r i f i c e   r i n g   58  s e a t e d   on  a  

s h o u l d e r   59  a t   i t s   o u t l e t   and  h e l d   in  p l a c e   w i t h  

s u i t a b l e   f a s t e n i n g   means   s u c h   as  a  snap   r i n g   60.  T h e  

n o z z l e s   p o i n t   g e n e r a l l y   t o w a r d   the   d r i l l   end  32  of  t h e  

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

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

D u r i n g   the   d r i l l i n g   o p e r a t i o n ,   a i r   from  the   p l e n u m  

c h a m b e r   40  f l o w s   t h r o u g h   the   s e c o n d   c o n d u i t   means   5 2 ,  

t h r o u g h   the   p a s s a g e   54  and  the   j e t   n o z z l e   a s s e m b l i e s   56 

and  o u t   of  t he   j e t   n o z z l e   o r i f i c e s   58  t o w a r d   the   f i r s t  

d r i l l   end  of  the   h o u s i n g .   The  f low  is  c o n f i n e d   b e t w e e n  

t he   w a l l s   of  t he   d r i l l e d   b o r e   h o l e   ( n o t   shown)   a n d  

i n i t i a l l y   the   w a l l s   of  the   h o u s i n g   30,  and  t h e r e a f t e r  

the   d r i l l   p i p e   e x t e n s i o n s   33.   T h u s ,   c o n f i n e d   a n d  

c h a n n e l l e d   u p w a r d ,   t he   f l o w   of  a i r   e x i t i n g   f rom  the   j e t  

n o z z l e   o r i f i c e s   58  o p e r a t e s   as  a  s c a v e n g i n g   f l o w   a n d  

p i c k s   up  or  c o m b i n e s   w i t h   t he   a b o v e - d e s c r i b e d   f i r s t   a i r  

f l o w   o u t   of  t he   p l e n u m   c h a m b e r   50  f o r   f u r t h e r   c o n v e y i n g  

the   d u s t   and  c u t t i n g s   r e m o v e d   f rom  the   v i c i n i t y   of  t h e  

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

s e l e c t i o n   of  r e l a t i v e   o r i f i c e   s i z e   of  o r i f i c e s   48  a n d  



58,  t he   r e l a t i v e   a m o u n t   of  f i r s t   and  s e c o n d   f l o w s   o f  

f l u i d   may  be  a d j u s t e d .   By,  in  e f f e c t ,   s p l i t t i n g   t h e  -  

f l o w   of  a i r   f rom  t he   p l e n u m   c h a m b e r   50  in  t h i s   m a n n e r ,  

t he   f i r s t   f l o w   is   k e p t   a t   a  low  l e v e l   s u f f i c i e n t   o n l y  

to  e f f i c i e n t l y   c o n v e y   away  the   a b r a s i v e   d u s t   a n d  

c u t t i n g s   f rom  t he   d r i l l   b i t   10  and  ou t   and  up  i n t o   t h e  

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

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

2 2 .  

R e f e r r i n g   now  to  t he   d e t a i l s   shown  in  t he   e n l a r g e d  

v i e w s   of  F i g s .   2  and  3,  s e e n   in  s m a l l e r   s c a l e   in  F i g .  

1,  t he   o r i f i c e   in  o r i f a c e   p l a t e   46  i s   c o v e r e d   b y  

s e p a r a t o r   means   h a v i n g   a  s t a n d   p i p e   62  w h i c h   is  c u p  

s h a p e d ,   to  e n c l o s e   t h e   o r i f i c e   and  the   s t a n d   p i p e  

p r o j e c t s   i n t o   t he   p l e n u m   c h a m b e r   40.  The  s t a n d   p i p e   62  

is   c l o s e d   a t   i t s   u p p e r   end  b u t   has  a  p l u r a l i t y   o f  

r a d i a l   p e r f o r a t i o n s   62a  in  s e v e r a l   a x i a l   p l a n e s  

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

p e r f o r a t i o n s   62a  p e r m i t   t he   p a s s a g e   of  p r e s s u r i z e d   a i r  

f rom  t he   p l e n u m   c h a m b e r   40  t h r o u g h   t he   o r i f i c e   p l a t e   46  

and  c o n d u i t   28  to  t he   r e g i o n   of  the   c u t t i n g   c o n e s   2 2 .  

P e r f o r a t i o n s   62a  a r e   o r i e n t e d   p e r p e n d i c u l a r   to  t h e   f l o w  

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

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

i n t o   t he   s t a n d   p i p e   and  t h r o u g h   the   o r i f i c e   p l a t e   46 

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

by  the   r e l a t i v e   o r i f i c e   s i z e   of  p l a t e   46.  H o w e v e r ,   i t  

w i l l   be  o b s e r v e d   t h a t   t he   p e r f o r a t i o n s   in  s t a n d   p i p e  

62a  a r e   r e m o t e   f rom  t h e   o r i f i c e   r i n g   46.  P r e f e r a b l y  

l o c a t e d   a x i a l l y   b e t w e e n   t he   o r i f i c e   p l a t e   46  and  t h e  

p e r f o r a t i o n s   62a ,   the   p a s s a g e s   52  p e r m i t   f o r m a t i o n   o f  

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

the   m a j o r   c o n v e y i n g   s t r e a m s .   C o v e r i n g   the   c l o s e d   e n d  



of  the   s t a n d   p i p e   62  is  a  c o n i c a l   f l u i d   d e f l e c t o r   64 

a r r a n g e d   c o a x i a l l y   w i t h   the   s t a n d   p i p e .   The  e d g e s   o f  

d e f l e c t o r   64  e x t e n d   r a d i a l l y   b e y o n d   the  w a l l s   of  t h e  

s t a n d   p i p e   65,  and  a x i a l l y   b e l o w   the   c l o s e d   end  of  t h e  

s t a n d   p i p e .   The  d e f l e c t o r   64  s e r v e s   at  l e a s t   t h e  

f u n c t i o n   of  an  a i r   f l o w   d e f l e c t o r   and  may  a l s o   p r o v i d e  

f low  a c c e l e r a t i o n .   The  c o v e r   a l s o   may  be  f l a t t e r   o r  

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

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

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

d e f l e c t o r   is  p r e f e r a b l y   p r o v i d e d   w i t h   v a n e s   or  f i n s   6 6 ,  

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

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

s p i r a l l i n g   or  s w i r l i n g   of  t he   p r e s s u r i z e d   a i r   f l u i d   a s  

i t   moves   p a s t   d e f l e c t o r   64  in  the   p l e n u m   c h a m b e r   40  a n d  

t o w a r d   the   p a s s a g e s   52.  In  the   e m b o d i m e n t   shown ,   t h e  

c o n i c a l   d e f l e c t o r   64  is  s u p p o r t e d   r e l a t i v e   to  t h e  

c l o s e d   end  of  s t a n d   p i p e   62  by  s t r u t s   68  w h i c h   e x t e n d  

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

d e f l e c t o r .   The  d e f l e c t o r   64  no t   o n l y   d e f l e c t s   the   a i r  

coming   t o w a r d   the   p a s s a g e s   52  bu t   a l s o ,   at   the   s a m e  

t i m e ,   due  to  t he   c o n s t r i c t i o n   b e t w e e n   the   d e f l e c t o r   64 

and  the   w a l l s   of  the   p l e n u m   c h a m b e r   40,  p r o d u c e s   a n  

o r i f i c e   e f f e c t .   The  o r i f i c e   e f f e c t   c r e a t e s   a  

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

h e a v i e r   w a t e r   p a r t i c l e s ,   w h i c h   a re   in  t he   a i r   t o  

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

the   d r i l l i n g   o p e r a t i o n ,   to  p r e c i p i t a t e   o u t .   T h e  

d e f l e c t o r   64  a l s o   n e c e s s i t a t e s   a  c i r c u i t o u s   r e t u r n   o f  

some  of  t h a t   a i r   back   to  the   p e r f o r a t i o n s   62a .   T h e  

d e f l e c t o r   is  p l a c e d   so  as  not   to  o b s t r u c t   t h o s e  

p e r f o r a t i o n s   62a  or  o t h e r w i s e   impede   the   f i r s t   f l o w   o f  

a i r   t h r o u g h   the   o r i f i c e   in  p l a t e   4 6 .  



What  o c c u r s   is   i m p o r t a n t   to  t he   p r e s e n t   i n v e n t i o n .  

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

make  the   t u r n   back   u p w a r d l y   u n d e r   the   d e f l e c t o r   64  t o  

fo rm  the   f i r s t   f l o w   of  a i r   r e l a t i v e l y   f r e e   of  w a t e r .  

T h i s   f i r s t   f l o w   of  a i r   p a s s e s   t h r o u g h   t he   p e r f o r a t i o n s  

62a  and  down  t h r o u g h   t h e   s t a n d   p i p e   62  and  the   o r i f i c e  

in  p l a t e   46  and  t h r o u g h   c o n d u i t   28.  C o n s e q u e n t l y ,   a i r  

w h i c h   is   r e l a t i v e l y   f r e e   of  w a t e r   r e a c h e s   the  c u t t i n g  

a r e a s   and  t he   t e n d e n c y   to  form  mud  and  o t h e r w i s e   c l o g  

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

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

A i r   w h i c h   may  c o n t a i n   a  c o n s i d e r a b l e   a m o u n t   o f  

w a t e r   is  more  e a s i l y   c a r r i e d   in  the   s e c o n d   f l ow  o f  

f l u i d   o u t   t h r o u g h   the   p a s s a g e s   52.  In  p r a c t i c e ,   w a t e r  

may  t e n d   to  be  p r e c i p i t a t e d   ou t   b u t   d u r i n g   n o r m a l  

o p e r a t i o n   t he   r a t e   of  t he   s e c o n d   f l o w   t h r o u g h   p a s s a g e s  
52  is  such   t h a t   no  w a t e r   a c c u m u l a t e s   in  the   p l e n u m  

c h a m b e r   a d j a c e n t   t he   s t a n d   p i p e   62.  H o w e v e r ,   t h e r e   a r e  

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

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

f o r m s   a  p o o l   b e t w e e n   the   w a l l s   of  the   p l e n u m   c h a m b e r   40  

and  t h e   s t a n d   p i p e   62  c o v e r i n g   the   o r i f i c e   p l a t e   4 6 .  

The  s t a n d   p i p e   62  is   d e s i g n e d   so  t h a t   i t s   p e r f o r a t i o n s  

a r e   a l w a y s   a b o v e   w a t e r   l e v e l ,   a l t h o u g h   the   p o s s i b i l i t y  

e x i s t s   t h a t   w a t e r   may  r i s e   h i g h   e n o u g h   t o _ e n t e r   t h e  

p a s s a g e s   52  w h i c h   a r e   p l a c e d   b e l o w   the   p e r f o r a t i o n s .  

H o w e v e r ,   t h a t   w a t e r   is  g e n e r a l l y   r e - e v a p o r a t e d   a n d  

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

p a s s a g e s   52  when  d r i l l i n g   and  the   a i r   s u p p l y   i s  

r e s u m e d .  

A l t h o u g h   i t   is   no t   e s s e n t i a l   to  t he   p r e v i o u s l y  

d e s c r i b e d   a s p e c t s   of  t he   i n v e n t i o n ,   i t   is  s o m e t i m e s  

a l s o   d e s i r a b l e   to  use  a i r   l u b r i c a t i o n   i n s t e a d   of  o i l  



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

A i r   l u b r i c a t i o n   is   a c c o m p l i s h e d   by  a i r   t a k e n   in  t h r o u g h  

a i r   i n t a k e   70  or  a  p l u r a l i t y   of  s i m i l a r   i n t a k e s ,   i n t o  

an  a s s o c i a t e d   p a s s a g e   72.   Each  p a s s a g e   72  is   f o r m e d   b y  

a  b o r e   t h r o u g h   the   w a l l   12  of  h o u s i n g   30  f rom  t h e  

p l e n u m   c h a m b e r   to  t he   o u t s i d e ,   t i l t e d   from  the   r a d i a l  

away  f rom  the   d i r e c t i o n   of  f l o w   i n t o   p l e n u m   c h a m b e r   4 0 .  

A  t u b u l a r   member   70  p l a c e d   w i t h i n   t he   b o r e   72  p r o j e c t s  

i n t o   t he   p l e n u m   c h a m b e r .   T u b u l a r   member   70  may  be  c u t  

on  t he   b i a s   to  p r o v i d e   a  d e f l e c t o r   p r o j e c t i n g   i n t o   t h e  

p l e n u m   c h a m b e r   40.  The  d e f l e c t o r   o v e r h a n g   a l l o w s   t h e  

a i r   m o v i n g   i n t o   and  t h r o u g h   the   p l e n u m   c h a m b e r   to  b e  

d e f l e c t e d   by  the   d e f l e c t o r   p o r t i o n   of  the   t u b e   70  a n d  

r e q u i r e s   t h e   a i r   to  d o u b l e   back   to  t u r n   i n t o   the   t u b e  

70.  T h i s   a l l o w s   a i r   much  more  r e a d i l y   t h a n   w a t e r   t o  

t u r n   i n t o   t h i s   d e v i o u s   c o u r s e   a t   t u b e   70,  w h e r e a s ,  

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

d i r e c t l y   t o w a r d   t h e   b o t t o m   of  t he   p l e n u m   c h a m b e r   p a s t  
t u b e   7 0 .  

P a s s a g e   72  i s   c l o s e d   to  the   o u t e r   w a l l   by  a  p l u g  

74.  The  f l o w   of  a i r   p r o c e e d s   down  a  p a s s a g e   76  

p a r a l l e l   to  t he   a x i s ,   or  a  p l u r a l i t y   of  s i m i l a r  

p a s s a g e s ,   i n t o   a  s e g m e n t e d   r i n g   p a s s a g e   78,  s i m i l a r   t o  

t h a t   u sed   f o r   o i l   l u b r i c a t i o n   at   t he   i n t e r f a c e   b e t w e e n  

h o u s i n g   30  and  b i t   s u b a s s e m b l y   14  as  d e s c r i b e d   in  t h e  

a f o r e s a i d   c o p e n d i n g   a p p l i c a t i o n .   The  r i n g   p a s s a g e   7 8 ,  

in  t u r n ,   f e e d s   f e e d e r   p a s s a g e s   80,  in  the   b i t  

s u b a s s e m b l y   r u n n i n g   g e n e r a l l y   p a r a l l e l   to  the   a x i s .  

P a s s a g e s   80,  in  t u r n ,   f e e d   ma in   l u b r i c a t i o n   p a s s a g e   82  

and  v a r i o u s   s p u r   p a s s a g e s   84  o f f   of  p a s s a g e   82  t o  

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

P a s s a g e   82  is   f o r m e d   by  b o r i n g   and  is  c l o s e d   a t   t h e  

o u t s i d e   w a l l   by  a  p l u g ,   such   as  a  s c r e w   as  s h o w n .   T h e  



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

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

m o i s t u r e .  

The  m o i s t u r e   in  t he   a i r   p a s s i n g   t h r o u g h   the   p l e n u m  

c h a m b e r   40  is  e i t h e r   c a r r i e d   d i r e c t l y   ou t   by  the   t h r e e  

s t r e a m s   c o n s t i t u t i n g   t he   s e c o n d   f l o w   t h r o u g h   p a s s a g e s  
52  or  i s   p r e c i p i t a t e d   i n t o   a  p o o l   a d j a c e n t   the  s t a n d  

p i p e   62  as  p r e v i o u s l y   d e s c r i b e d .   W a t e r   in  t he   poo l   i s  

q u i c k l y   r e -   e v a p o r a t e d   to  be  c a r r i e d   out   by  the  t h r e e  

s t r e a m s   e n t e r i n g   p a s s a g e s   52  ( s e e   F i g .   1)  and  t h u s   i s  

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

T h e r e f o r e ,   m o i s t u r e   is  no t   g i v e n   a  c h a n c e   to  c a u s e  

p r o b l e m s   by  c r e a t i n g   mud  in  the   b o t t o m   of  the   b o r e   h o l e  

and  m o i s t u r e   p r o b l e m s   a r e   a v o i d e d   in  t he   w o r k i n g   a r e a  

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

t h e   b e a r i n g s   t h e r e o f .  

L u b r i c a t i o n   by  o t h e r   s c h e m e s ,   of  c o u r s e ,   i s  

p o s s i b l e   and  t h o s e   d i s c l o s e d   in  our   a b o v e - i d e n t i f i e d  

a p p l i c a t i o n   o f f e r   one  p o s s i b i l i t y .  

O t h e r   v a r i a t i o n s   to  s t r u c t u r e   d i s c l o s e d   i n  

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

t h o s e   s k i l l e d   in  t he   a r t .   A l l   such   v a r i a t i o n s   w i t h i n  

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

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



1.  A  b i t   a s s e m b l y   (10)   f o r   d r i l l i n g   i n t o   a  h a r d  

m a t e r i a l   c o m p r i s i n g :   an  e l o n g a t e   h o u s i n g   (30)   h a v i n g  

a  d r i l l   end  (32)   a d a p t e d   f o r   a t t a c h m e n t   to  a  r o t a r y   d r i l l  

and  a  t o o l   end  f o r   r e c e i v i n g   a  t o o l   h a v i n g   a t   l e a s t   o n e  

c u t t i n g   cone   (22)   f o r   e n g a g i n g   and  c u t t i n g   a  d r i l l   h o l e  

i n t o   m a t e r i a l   to   be  d r i l l e d ;   a  p l e n u m   c h a m b e r   (40)   w i t h i n  

t h e   h o u s i n g   (30)   f o r   r e c e i v i n g   p r e s s u r i z e d   g a s e o u s   f l u i d  

of  a i r   and  w a t e r   f rom  a  f l u i d   s o u r c e ,   and  a  f i r s t   c o n d u i t  

means   (28)   f o r   d i r e c t i n g   a  f i r s t   f l o w   of  f l u i d   f rom  t h e  

p l e n u m   c h a m b e r   (40)   ou t   of  t h e   h o u s i n g   (30)   a d j a c e n t  

t he   a t   l e a s t   one  c u t t i n g   cone   (22)   i n t o   t he   d r i l l   h o l e  

and  i n t o   i m p i n g e m e n t   upon   t h e   m a t e r i a l   b e i n g   d r i l l e d  

to  p i c k   up  and  r e m o v e   a l o n g   t h e   h o u s i n g   d u s t   and  c u t t i n g s  
f rom  t h e   v i c i n i t y   of  t he   c u t t i n g   c o n e ;   c h a r a c t e r i s e d  

in   t h a t   s e p a r a t o r   means   (64)   i s   s u p p o r t e d   w i t h i n   t h e  

p l e n u m   c h a m b e r   (40)   p r o x i m a t e   to  t he   f i r s t   c o n d u i t   m e a n s  
(28)   in   a  p o s i t i o n   f o r   s e p a r a t i n g   w a t e r   ou t   of  t h e   f i r s t  

f l o w   of  f l u i d   p r i o r   to  t he   f i r s t   f l o w   e n t e r i n g   t h e   f i r s t  

c o n d u i t   means   ( 2 8 ) ;   and  s e c o n d   c o n d u i t   means   (54)   i s  

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

of  t he   h o u s i n g   (30)   a  s e c o n d   f l o w   of  f l u i d   ou t   of  t h e  

p l e n u m   c h a m b e r   (40)   away  f rom  t h e   c u t t i n g   cone   ( 2 2 ) ,  

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

c o n v e y i n g   t he   d u s t   and  c u t t i n g s   r e m o v e d   f rom  t h e   v i c i n i t y  
of  t h e   c u t t i n g   c o n e ( s )   (22)   i n t o   t he   s e c o n d   f l u i d   f l o w  

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

f o r   c o n v e y i n g   t h e   d u s t   and  c u t t i n g s   away  f rom  t h e   b i t  

a s s e m b l y   (10)   and  ou t   of  t he   d r i l l   h o l e .  

2.  The  b i t   a s s e m b l y   (10)   of  c l a i m   1,  c h a r a c t e r i s e d  

in   t h a t   t h e   f i r s t   c o n d u i t   means   (28)   i n c l u d e s   an  o r i f i c e  

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

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

d u i t   means   i n c l u d e s   a t   l e a s t   one  p a s s a g e   ( 5 4 ) ,   e a c h   p a s s -  

age  (54)   a r r a n g e d   to  c o n t r o l   and  d i r e c t   t he   s e c o n d   f l o w  

to  t h e   o u t s i d e   of  t he   h o u s i n g   and  a l o n g   t h e   h o u s i n g   a w a y  



f rom  t h e   b i t ,   t h e   f i r s t   and  s e c o n d   c o n d u i t   means  b e i n g  

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

f rom  t h o s e   c o n d u i t   m e a n s ,   t h e   s e c o n d   c o n d u i t   means   p e r -  

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

f rom  t h e   f i r s t   c o n d u i t   m e a n s .  

3.  The  b i t   a s s e m b l y   (10)   of  c l a i m   1  or  2,  c h a r a c t e r -  

i s e d   i n   t h a t   t h e   s e p a r a t o r   means   (64)   i n c l u d e s   f l u i d  

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

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

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

to  f o l l o w   to  e n t e r   t h e   f i r s t   c o n d u i t   means   (28)  bu t   w a t e r  

p a r t i c l e s   a r e   p r e c i p i t a t e d   o u t ,   so  t h a t   w a t e r   w i l l   n o t  

e n t e r   t h e   f i r s t   c o n d u i t   means   ( 2 8 ) .  

4.  The  b i t   a s s e m b l y   (10)   of  any  p r e c e d i n g   c l a i m ,  

c h a r a c t e r i s e d   in   t h a t   t h e   p l e n u m   c h a m b e r   (40)   i n c l u d e s  

an  a x i a l   b o r e   w i t h i n   a  g e n e r a l   c y l i n d r i c a l   h o u s i n g   ( 3 0 ) ,  

t h e   f i r s t   c o n d u i t   means   i s   p r o v i d e d   by  an  a x i a l   c h a n n e l  

(28)   e x t e n d i n g   to  t h e   r e g i o n   of  t h e   t o o l ,   and  t h e   s e c o n d  

c o n d u i t   means   i n c l u d e s   a t   l e a s t   one  c o n d u i t   (54)   t h r o u g h  

t h e   w a l l   of  t h e   h o u s i n g   (30)   and  a  d i v e r t i n g   means   ( 5 6 )  

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

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

t h e   b o r e ,   t h e   s e c o n d   c o n d u i t   means   (54)   p e r m i t t i n g   s u b -  

s t a n t i a l l y   more  f l o w   t h a n   t he   f i r s t   c o n d u i t   means   ( 2 8 ) .  

5.  The  b i t   a s s e m b l y   (10)   of  c l a i m   4,  c h a r a c t e r i s e d  

in   t h a t   t h e   s e p a r a t o r   means   c o n s i s t s   of  a  s t a n d   p i p e  
(62)   b l o c k i n g   t h e   f i r s t   c o n d u i t   means   (28)   and  e x t e n d i n g  

b a c k   i n t o   t h e   p l e n u m   c h a m b e r   (40)   to  c l o s e   t h e   o r i f i c e  

e x c e p t   f o r   s u f f i c i e n t   p e r f o r a t i o n s   ( 62a )   to  a v o i d   i m p e d i n g  

t h e   a i r   in   t h e   f i r s t   f l o w   of  f l u i d ,   t h e   p e r f o r a t i o n s  

( 6 2 a )   b e i n g   in   w a l l   a r e a s   of  t h e   s t a n d   p i p e   (62)   g e n e r a l l y  

p e r p e n d i c u l a r   to  f l u i d   f l o w   in   t h e   p l e n u m   c h a m b e r   ( 4 0 )  

and  u p s t r e a m   of  t h e   s e c o n d   c o n d u i t   means   (54)   in   t h e  

d i r e c t i o n   of  f l u i d   f l o w   in  t h e   p l e n u m   c h a m b e r   ( 4 0 ) .  



6.  The  b i t   a s s e m b l y   (10)   of  c l a i m   5,  c h a r a c t e r i s e d  

in  t h a t   t h e   s t a n d   p i p e   (62)   i s   s u p p o r t e d   on  a  t r a n s v e r s e  

w a l l   (46)   c l o s i n g   o f f   t h e   p l e n u m   c h a m b e r   (40)   and  p r o v i d -  

ing   an  o r i f i c e   (48)   f o r   t h e   f i r s t   c o n d u i t   means   ( 2 8 ) .  

7.  The  b i t   a s s e m b l y   (10)   of  c l a i m   6,  c h a r a c t e r i s e d  

in   t h a t   a  f l u i d   f l o w   d i v e r t e r   of  a  l a r g e r   d i a m e t e r   t h a n  

t h e   s t a n d   p i p e   (62)   i s   s u p p o r t e d   on  t he   s t a n d   p i p e   ( 6 2 )  

in   o r d e r   to  s h i e l d   t he   p e r f o r a t i o n s   ( 6 2 a )   f rom  d i r e c t  

f l o w   of  f l u i d   down  t he   p l e n u m   c h a m b e r   ( 4 0 ) .  

8.  The  b i t   a s s e m b l y   (10)   of  any  of  c l a i m s   5  t o  

7,  c h a r a c t e r i s e d   in   t h a t   t h e   s t a n d   p i p e   (62)   i s   c o a x i a l  

w i t h   t h e   p l e n u m   c h a m b e r   (40)   and  c y l i n d r i c a l ,   and  t h e  

f l u i d   f l o w   d i v e r t e r   (64)   i s   s u p p o r t e d   c o a x i a l l y   u p s t r e a m  
of  t h e   s t a n d   p i p e   (62)   in   t h e   d i r e c t i o n   of  f l u i d   f l o w  

in   t he   p l e n u m   c h a m b e r   ( 4 0 ) .  

9.  The  b i t   a s s e m b l y   (10)   of  c l a i m   7  or  8,  c h a r a c t e r -  

i s e d   in   t h a t   t h e   f l u i d   f l o w   d i v e r t e r   (64)   c a r r i e s   m e a n s  

(66)   on  t h e   s u r f a c e   c o n f r o n t i n g   the   f l u i d   f l o w   in  t h e  

p l e n u m   c h a m b e r   (40)   f o r   c a u s i n g   a  c e n t r i f u g a l   s w i r l i n g  

of  t h e   f l u i d .  

10.  The  b i t   a s s e m b l y   (10)   of  c l a i m   8  or  9,  c h a r a c -  

t e r i s e d   in   t h a t   t h e   f l u i d   f l o w   d i v e r t e r   (64)   i s   p r o v i d e d  

by  a  c o n i c a l   cap  c o v e r i n g   t he   u n s u p p o r t e d   end  of  t h e  

s t a n d   p i p e   (62)   and  e x t e n d i n g   l a t e r a l l y   b e y o n d   t h e   p e r i -  

p h e r y   and  b e l o w   t h e   u p s t r e a m   end  of  t he   s t a n d   p i p e   ( 6 2 )  

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

( 4 0 ) .  

11.  The  b i t   a s s e m b l y   (10)   of  any  p r e c e d i n g   c l a i m ,  

c h a r a c t e r i s e d   in   t h a t   t he   s e c o n d   c o n d u i t   means   (54)   c o n -  

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

t h e   w a l l   of  t h e   h o u s i n g   (12)   f rom  t he   p l e n u m   c h a m b e r  

(40)  and  means   d i v e r t i n g   f l o w   g e n e r a l l y   i n t o   t h e   p a s s a g e  



b e t w e e n   t he   h o u s i n g   (30)   and  t h e   w a l l s   of  t he   d r i l l   h o l e ,  

e a c h   s u c h   s e c o n d   c o n d u i t   means   c o n t a i n i n g   an  o r i f i c e  

( 5 8 ) ,   t h e   o r i f i c e s   c o l l e c t i v e l y   p r o v i d i n g   r e s i s t a n c e  

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

to  t h e   r e s i s t a n c e   to  f l o w   in   t h e   f i r s t   c o n d u i t   m e a n s  
( 2 8 ) .  

12.  The  b i t   a s s e m b l y   (10)  of  any  p r e c e d i n g   c l a i m ,  

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

c h a n n e l   (80 ,   82)  i s   p r o v i d e d   in   t he   b i t   a s s e m b l y   f o r  

l u b r i c a t i n g   b e a r i n g s   f o r   t h e   d r i l l i n g   c o n e ( s )   ( 2 2 ) ,   t h e  

c h a n n e l   i n c l u d i n g   a t   l e a s t   one  c o n d u i t   (72 ,   76)  f r o m  

t h e   p l e n u m   c h a m b e r   ( 4 0 ) .  

13.  The  b i t   a s s e m b l y   (10)   of  c l a i m   12,  c h a r a c t e r i s e d  

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

p a s s a g e   (72)   f o r m e d   g e n e r a l l y   r a d i a l   of  t h e   h o u s i n g   ( 3 0 )  

b u t   e x t e n d i n g   away  f rom  t h e   d i r e c t i o n   of  f l u i d   f l o w   i n  

t h e   p l e n u m   c h a m b e r   ( 4 0 ) .  

14.  The  b i t   a s s e m b l y   (10)   of  c l a i m   1 3 , • c h a r a c t e r i s e d  

in   t h a t   e a c h   p a s s a g e   (72)   of  t h e   l u b r i c a t i o n   c h a n n e l  

e x t e n d i n g   i n t o   t h e   p l e n u m   c h a m b e r   (40)   i s   p r o v i d e d   w i t h  

a  f l u i d   f l o w   d i v e r t i n g   s h i e l d   member  (70)  w h i c h   s h i e l d s  

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

p l e n u m   c h a m b e r   (40)   and  r e q u i r e s   g a s e o u s   f l u i d   to  f l o w  

b e n e a t h   t h e   s h i e l d   member   (70)   and  in   t h e   d i r e c t i o n  

c o u n t e r   to  t h e   g e n e r a l   f l u i d   f l o w   to  e n t e r   t he   p a s s a g e  
( 7 2 ) .  

15.  The  b i t   a s s e m b l y   (10)  of  c l a i m   14,  c h a r a c t e r i s e d  

in   t h a t   t h e   f l u i d   f l o w   d i v e r t i n g   member  (70)   i s   a  p i e c e  
of  t u b i n g   w h i c h   i s   c u t   on  t he   b i a s ,   s u p p o r t e d   in   t h e  

p a s s a g e   (72)   of  t h e   l u b r i c a t i n g   c h a n n e l   to  e x t e n d   i n t o  

t h e   p l e n u m   c h a m b e r   (40)   in   s u c h   o r i e n t a t i o n   as  to  p r o v i d e  

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

c h a m b e r .  



16.  The  b i t   a s s e m b l y   (10)   of  c l a i m s   12  to  1 5 ,  

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

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

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

s e c o n d   c o n d u i t   m e a n s .  
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