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@)  Fluid  operated  hammer  having  drill  bit  clearance  means. 

A  fluid  operated  hammer  comprising  a  cylindrical  casing 
(11)  having  a  bore  for  slidably  receiving  a  piston  (26),  a  top  sub 
(12)  mounted  at  one  end,  a  drill  bit  (13)  mounted  to  the  other  end 
by  means  of  a  chuck  (14),  a  feed  tube  (20)  concentrically 
mounted  within  the  upper  end  of  the  bore  of  the  casing  and 
extending  downwardly  into  the  casing,  said  feed  tube  being 
connectible  to  a  fluid  source  through  said  top  sub.  The  piston  is 
slidably  mounted  within  the  bore  of  said  casing  over  said  feed 
tube  (20).  The  feed  tube  (20)  is  provided  with  at  least  one  aperture 
(24)  in  the  walls  of  said  feed  tube,  and  at  least  one  port  (27,  29) 
provided  at  each  end  of  the  piston.  Each  port  opens  at  spaced 
locations  into  the  bore  of  the  piston  to  periodically  communicate 
with  said  aperture  (24)  as  a  result  of  sliding  movement  of  the 
piston  over  the  feed  tube  to  alternately  drive  the  piston  towards 
and  away  from  the  drill  bitto  impact  thereon  and  to  drive  the  piston 
away  from  the  drill  bit.  A  further  aperture  (40)  is  provided  in  said 
feed  tube  (20)  to  communicate  with  the  space  between  said  drill 
bit  (13)  and  said  piston  (26)  when  said  hammer  is  in  the  "blow- 
down"  position.  The  drill  bit  (13)  is  mounted  in  the  chuck  (14)  in 
such  manner  that  when  in  the  "blow-down"  position  there  is 
communication  between  said  space  and  the  exterior  of  the 
hammer  through  the  zone  between  the  drill  bit  and  the  chuck. 



THIS  INVENTION  r e l a t e s   to   down  h o l e   f l u i d   o p e r a t e d   h a m m e r s  

and  d r i l l   b i t s   f o r   use   w i t h   r o c k   d r i l l i n g   to  form  b o r e  

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

c u t t i n g s .  

In  s u c h   h a m m e r s   and  d r i l l   b i t s   c u r r e n t l y   in  u s e   t h e   d r i l l  

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

c h u c k   v i a   a  s p l i n e d   a r r a n g e m e n t .   The  s l i d a b l e   e n g a g e m e n t  
e n a b l e s   t h e   hammer  to  be  d e a c t i v a t e d   when  t h e   d r i l l   b i t   i s  

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

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

a p p l i e d   to   t h e   d r i l l   b i t   by  t h e   r o t a t i n g   d r i l l   s t e m .   D u r -  

ing  d r i l l i n g   o p e r a t i o n s   i t   i s   o f t e n   n e c e s s a r y   to  c l e a r  

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

t h i s   i s   done   by  r a i s i n g   t h e   d r i l l   b i t   f rom  t h e   f l o o r   o f  

t h e   b o r e   h o l e   to   d e a c t i v a t e   t h e   hammer  and  d i r e c t i n g   a i r  

f rom  t h e   hammer  t h r o u g h   t h e   d r i l l   b i t   i n t o   t h e   b o t t o m   o f  

t h e   b o r e   h o l e .   H o w e v e r   u n d e r   s u c h   c o n d i t i o n s   i t   i s   o f t e n  

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

t h e   s p l i n e s   of   t h e   d r i l l   b i t   and  c h u c k   w h i c h   a r e   e x p o s e d  

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

h i n d e r s   t h e   r e t u r n   of  t h e   d r i l l   b i t   to   i t s   i n n e r - m o s t  

p o s i t i o n   in  t h e   c h u c k   and  t h u s   can  p r e v e n t   o p e r a t i o n   o f  

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

I t   i s   an  o b j e c t   of  t h i s   i n v e n t i o n   to  p r o v i d e   means   o f  

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

i n t e r c o n n e c t i o n   b e t w e e n   a  d r i l l   b i t   and  c h u c k   of  a  d o w n  

h o l e   h a m m e r ,   when  s a i d   hammer   i s   in  i t s   " b l o w - d o w n "   p o s i -  

t i o n .  

In  one  form  t h e   i n v e n t i o n   r e s i d e s   in  a  f l u i d   o p e r a t e d   h a m -  

mer  c o m p r i s i n g   a .  c y l i n d r i c a l '   c a s i n g   h a v i n g   a  b o r e   f o r  

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

a  d r i l l   b i t   m o u n t e d   to   t h e   o t h e r   end  by  means   of  a  c h u c k ,  

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



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

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

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

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

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

one   p o r t   p r o v i d e d   a t   e a c h   end  of  t h e   p i s t o n ,   e a c h   p o r t  

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

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

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

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

i m p a c t   t h e r e o n   and  to   d r i v e   t h e   p i s t o n   away  f rom  t h e   d r i l l  

b i t ;   a  f u r t h e r   a p e r t u r e   p r o v i d e d   in  s a i d   f e e d   t u b e   t o  

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

p i s t o n   when  s a i d   hammer   i s   in  t h e   " b l o w - d o w n "   p o s i t i o n   a n d  

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

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

s a i d   s p a c e   and  t h e   e x t e r i o r   of   t h e   hammer  t h r o u g h   t h e   z o n e  

b e t w e e n   d r i l l   b i t   and  s a i d   c h u c k .  

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

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

t o n .  

The  i n v e n t i o n   w i l l   be  more   f u l l y   u n d e r s t o o d   in  t h e   l i g h t  
of   t h e   f o l l o w i n g   d e s c r i p t i o n   of   s e v e r a l   s p e c i f i c   e m b o d i -  

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

a c c o m p a n y i n g   d r a w i n g s   of   w h i c h : -  

F i g .   1  i s   a  s e c t i o n a l   s i d e   e l e v a t i o n   of  a  f l u i d  

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

t h e   " b l o w - d o w n "   p o s i t i o n ;  

F i g .   2  i s   a  s e c t i o n a l   s i d e   e l e v a t i o n   of   t h e   f l u i d  

o p e r a t e d  h a m m e r   of  F i g .   1  in  t h e   " i m p a c t "   p o s i t i o n ;  

F i g .   3  i s   a  s e c t i o n a l   s i d e   e l e v a t i o n   of  t h e   f l u i d  

o p e r a t e d   hammer   of  F i g s .   1  and  2  w i t h   t h e   hammer  i n  

t h e  " r a i s e d "   p o s i t i o n ;  



F i g .   4  i s   a  s e c t i o n a l   s i d e   e l e v a t i o n   of   a  f l u i d  

o p e r a t e d   hammer  a c c o r d i n g   to  t h e   s e c o n d   e m b o d i m e n t   i n  

t h e   " b l o w - d o w n "   p o s i t i o n ;  

F i g .   5  i s   a  s e c t i o n a l   s i d e   e l e v a t i o n   of  t h e   f l u i d  

o p e r a t e d   hammer  of  F i g .   4  in  t h e   " i m p a c t "   p o s i t i o n ;  

F i g .   6  i s   a  s e c t i o n a l   s i d e   e l e v a t i o n   of  t h e   f l u i d  

o p e r a t e d   hammer  of  F i g s .   4  and  5  w i t h   t h e   hammer  i n  

t h e   " r a i s e d "   p o s i t i o n ;  

F i g .   7  i s   a  s e c t i o n a l   s i d e   e l e v a t i o n   of  a  f l u i d  

o p e r a t e d   hammer   a c c o r d i n g   to  t h e   t h i r d   e m b o d i m e n t   i n  

t h e   " b l o w - d o w n "   p o s i t i o n ;  

F i g .   8  i s   a  s e c t i o n a l   s i d e   e l e v a t i o n   of  t h e   f l u i d  

o p e r a t e d   hammer  of  F i g .   7  in  t h e   " i m p a c t "   p o s i t i o n ;  

a n d  

F i g .   9  i s   a  s e c t i o n a l   s i d e   e l e v a t i o n   of   t h e   f l u i d  

o p e r a t e d   hammer  of  F i g s .   7  and  8  w i t h   t h e   hammer   i n  

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

The  f i r s t   e m b o d i m e n t   of  F i g s .   1,  2  and  3  i s   a  f l u i d   o p e r a -  
t e d   hammer  w h i c h   c o m p r i s e s   a  c y l i n d r i c a l   c a s i n g   11  h a v i n g  

a  s u b s t a n t i a l l y   u n c o n t o u r e d   i n n e r   f a c e   w i t h   a  t o p   sub  12  

m o u n t e d   a t   one  end  and  a  d r i l l   b i t   13  m o u n t e d   a t   t h e   o t h e r  

e n d .   The  d r i l l   b i t   i s   m o u n t e d   w i t h i n   a  d r i l l   c h u c k   w h i c h  

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

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

w i t h i n   t h e   end  of  t h e   c h u c k .   Such  l i m i t e d   s l i d a b l e   m o v e -  

men t   of  t h e   d r i l l   b i t   i s   f a c i l i t a t e d   by  a  b i t   r i n g   1 4  

m o u n t e d   in  t h e   i n n e r   end  of  t h e   c h u c k   and  w h i c h   i s   r e c e i -  

ved  w i t h i n   a  w a i s t e d  p o r t i o n   15  of   t h e   i n n e r m o s t   end  o f  

t h e   d r i l l   b i t .   The  i n n e r m o s t   end  of  t h e   d r i l l   b i t   13  

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

e n l a r g e d   p o r t i o n   w h i c h   s e r v e s   as  t h e   a n v i l   16  f o r   t h e  

d r i l l   b i t   1 3 .  

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

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



s l i d i n g   m o v e m e n t   of  t h e   d r i l l   b i t   in  the   c h u c k   bu t   e n s u r -  

ing   a  t r a n s m i s s i o n   of  t o r q u e   f rom  t h e   d r i l l   s t em  to  t h e  

d r i l l   b i t .   When  t h e   d r i l l   b i t   i s   in  i t s   i n n e r - m o s t   p o s i -  

t i o n   in  t h e   c h u c k   t h e   s p l i n e d   i n t e r c o n n e c t i o n   is   such   t h a t  

t h e   i n t e r i o r   of  t h e   hammer   i s   s e a l e d   f rom  t h e   e x t e r i o r   o f  

t h e   d r i l l   b i t ,   h o w e v e r   on  t h e   d r i l l   b i t   d r o p p i n g   to  i t s  

l o w e r - m o s t   p o s i t i o n   in  t h e   c h u c k   ( i . e .   i t s   b l o w - d o w n   p o s i -  

t i o n )   t h e   i n t e r i o r   of  t h e   hammer  a b o v e   t h e   d r i l l   b i t   i s   i n  

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

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

The  t o p   sub  12  i s   t h r e a d a b l y   e n g a g e d   in  t h e   one  end  of  t h e  

c a s i n g   11  and  i s   p r o v i d e d   w i t h   a  f l u i d   i n l e t   p o r t   17  w h i c h  

c o m m u n i c a t e s   w i t h   a  s p r i n g   l o a d e d   c h e c k   v a l v e   18  l o c a t e d  

w i t h i n   t h e   t o p   sub  to  p r e v e n t   any  r e v e r s e , f l u i d   f l o w .   T h e  

b o r e   of  t h e   c a s i n g   11  s u p p o r t s   a  f e e d   t u b e   20  w h i c h   i s  

c o n c e n t r i c a l l y   m o u n t e d   a t   t h e   one  end  of   t h e   b o r e   of  t h e  

c a s i n g   11  in   a b u t t i n g   r e l a t i o n   w i t h   t h e   i n n e r   end  of   t h e  

t o p   sub  12.  The  f e e d   t u b e   20  e x t e n d s   f rom  t h e   one  end  o f  

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

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

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

in  t h e   one  end  of   t h e   b o r e .   The  c e n t r a l i s i n g   r i n g   r e c e i -  

v e s   t h e   one   end  of  t h e   f e e d   t u b e   and  a c c u r a t e l y   r e t a i n s  

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

in   t h e   c a s i n g   11.   A  f l a n g e   a t   t h e   one  end  of   t h e   f e e d  

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

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

w i t h i n   t h e   t o p   sub  12.  S u i t a b l e   t o l e r a n c e s   a r e   p r o v i d e d  

b e t w e e n   t h e   t o p   sub  12  and   t h e   f l a n g e d   end  of  t h e   f e e d  

t u b e   in  o r d e r   t h a t   any  m i s - a l i g n m e n t   of   t h e   t o p   sub  w i l l  

n o t   e f f e c t   t h e   a l i g n m e n t   of   t h e   f e e d   t u b e   20  w i t h i n   t h e  

c a s i n g   as   e s t a b l i s h e d   by  t h e   s p a c e r   r i n g .   S u i t a b l e   r e s i -  

l i e n t   s e a l i n g   and  a c c o m m o d a t i n g   means   in  t h e   form  o f  

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

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



t o p   sub  12  and  t h e   f l a n g e d   of  t he   f e e d   t u b e   to  p r e v e n t   a n y  
l o s s   of  f l u i d   f rom  t h e   j u n c t i o n s   t h e r e b e t w e e n   and  to  a l l o w  

some  m o v e m e n t   of  t h e   f e e d   t u b e .   The  c e n t r a l i s i n g   r i n g  

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

t u b e   c o n c e n t r i c a l l y   w i t h i n   t h e   b o r e   of  t h e   c a s i n g   11  a n d  

t h u s   t h e   p i s t o n   2 6 .  

The  f r e e   end  of  t h e   f e e d   t u b e   i s   p r o v i d e d   w i t h   a  s u i t a b l y  

d i m e n s i o n e d   c h o k e   23  w h i c h   p e r m i t s   a  c o n t r o l l e d   c o n t i n u o u s  

f l o w   of  f l u i d   down  t h r o u g h   t h e   d r i l l   b i t   13.  The  w a l l s   o f  

t h e   f e e d   t u b e   a r e   u n c o n t o u r e d   and  a r e   f o r m e d   w i t h   t h r e e  

s e t s   of  a p e r t u r e s .   One  s e t   24  c o m p r i s e s   a  s i n g l e   a p e r t u r e  
wh ich   e x t e n d s   f o r   a  c o n s i d e r a b l e   p o r t i o n   of  t h e   c i r c u m -  

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

d i m e n s i o n   in  t h e   l o n g i t u d i n a l   a x i s   of  t h e   f e e d   t u b e .   A l -  

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

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

w h i c h   h a v e   a  r e l a t i v e l y   s m a l l   a x i a l   d i m e n s i o n .   The  o t h e r  

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

a p e r t u r e s   25a  and  25b  l o c a t e d   t o w a r d s   t h e   f r e e   end  of   t h e  

f e e d   t u b e   f rom  t h e   one  s e t   of  a p e r t u r e s   24.  One  a p e r t u r e  

25a  of  t h e   o t h e r   s e t   of   a p e r t u r e s   w h i c h   i s   l o c a t e d   c l o s e s t  

to  s a i d   one  s e t   of  a p e r t u r e s   24  i s   g r e a t e r   in  s i z e   t h a n  

t h e   o t h e r   of  s a i d   a p e r t u r e s   25b  and  h a s   a  g r e a t e r   a x i a l  

d i m e n s i o n   t h a n   t h e   o t h e r   a p e r t u r e   25b.   A  t h i r d   s e t   o f  

a p e r t u r e s   40  i s   l o c a t e d   b e t w e e n   t h e   f i r s t   and  s e c o n d   s e t s  

24  and  2 5 .  

The  hammer  f u r t h e r   s u p p o r t s   w i t h i n   t h e   c a s i n g   11  a  p i s t o n  
26  w h i c h   i s   l o n g i t u d i n a l l y   s l i d a b l e   w i t h i n   s a i d   c a s i n g   1 1  

and  o v e r   s a i d   f e e d   t u b e   20.  Each  end  of  s a i d   p i s t o n   i s  

p r o v i d e d   w i t h   a  p o r t   27  and  29  w h i c h   c o m m u n i c a t e s   v i a   a  

p a s s a g e - w a y   28  or  30  e x t e n d i n g   r e s p e c t i v e l y   f rom  t h e   t o p  

sub  end  and  d r i l l   b i t   end  to  t h e   i n t e r n a l   b o r e   of  s a i d  

p i s t o n .   The  p a s s a g e - w a y s   28  and  30  a r e   f o r m e d   by  o b -  

l i q u e l y   b o r i n g   a  h o l e   f rom  t h e   r e s p e c t i v e   end  of  s a i d   p i s -  



t o n   to  t h e   b o r e   of   s a i d   p i s t o n .   In  a d d i t i o n   t he   end  o f  

t h e   p i s t o n   a d j a c e n t   t h e   t o p   sub  12  i s   c o u n t e r b o r e d   to  p r o -  
v i d e   an  e x p a n d e d   p o r t i o n   31  in  t h e   b o r e   of   t h e   p i s t o n  

wh ich   e x t e n d s   f o r   a  s m a l l   p o r t i o n   of  t h e   l e n g t h   of  t h e  

b o r e .  

As  shown  in  F i g .   1  t o   p l a c e   t h e   hammer  in  t h e   " b l o w - d o w n "  

p o s i t i o n   t h e   hammer   i s   moved  a x i a l l y   away  f rom  t h e   b a s e   o f  

t h e   d r i l l   h o l e   in  o r d e r   t h a t   t h e   d r i l l   b i t   moves   to   i t s  

o u t e r m o s t   p o s i t i o n   in  t h e   c h u c k   and  t h e   b i t   r i n g   14  i s   e n -  

g a g e d   w i t h   t h e   a n v i l  1 6   of  t h e   d r i l l   b i t .   When  in  t h e  

" b l o w - d o w n "   mode  t h e   p i s t o n   26  i s   r e t a i n e d   in  c o n t a c t   w i t h  

t h e   a n v i l   16.   The  m a i n t e n a n c e   of   t h i s   p o s i t i o n   i s   a  r e -  

s u l t   of  t h e   c o u n t e r - b o r e d   p o r t i o n   31  a t   t h e   one  end  of   t h e  

hammer   26  b e i n g   in   c o m m u n i c a t i o n   w i t h   t h e  o n e   s e t   of   a p e r -  

t u r e s   24  to   p r o v i d e   f l u i d   c o m m u n i c a t i o n   b e t w e e n   t h e   s o u r c e  

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

end  of   t h e   p i s t o n   26  and  t h e   t o p   sub  12.  F l u i d   p r e s s u r e  
i s   a d m i t t e d   i n t o   t h e   s p a c e   b e t w e e n   t h e   p i s t o n   26  and  t h e  

d r i l l   b i t   13  t h r o u g h   t h e   t h i r d   s e t   of  p o r t s   40  and  t h e  

p o r t   29  in  t h e   d r i l l   b i t   end  of  t h e   p i s t o n .   H o w e v e r   t h i s  

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

b e t w e e n   t h e   d r i l l   b i t   and  c h u c k   to   p r e v e n t   t h e   c o l l e c t i o n  

of   c u t t i n g s   in  t h e   s p a c e   b e t w e e n   t h e   d r i l l   b i t   and  c h u c k  

d u r i n g   " b l o w - d o w n " .   F l u i d   f rom  t h e   t o p   sub  end  of   t h e  

p i s t o n   e s c a p e s   to  t h e   d r i l l   b i t   v i a   p o r t   27  and  t h e   o n e  

p a s s a g e - w a y   2 8 .  

Due  to   t h e   s m a l l   a x i a l   d i m e n s i o n   of  t h e   one  s e t   of   a p e r -  
t u r e s   i f   t h e   p i s t o n   s h o u l d   f o r   some  r e a s o n   be  moved  f r o m  

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

ment   of   t h e   p i s t o n   i s   r e q u i r e d   f o r   t h e   one  s e t   of   a p e r -  
t u r e s   to   c o m m u n i c a t e   w i t h   t h e   d r i l l   b i t   end  of   t h e   p i s t o n  

t h r o u g h   t h e   p a s s a g e - w a y   30  and  p o r t   29.  The  s m a l l   a x i a l  

d i m e n s i o n   of   t h e   one  s e t   of   a p e r t u r e s   e n s u r e s   t h a t   t h e r e  

can  be  no  o v e r l a p   b e t w e e n   t h e   c o u n t e r - b o r e d   p o r t i o n   a n d  



t h e   p a s s a g e - w a y   28  by  t h e   one  s e t   of  a p e r t u r e s .   T h e r e -  

f o r e ,   t h e   p o s s i b i l i t y   of  back   hammer  i s   c o n s i d e r a b l y  

r e d u c e d .   In  a d d i t i o n ,   due  to  t h e   a b s e n c e   of   r e s t r i c t i o n  

b e t w e e n   t h e   one  s e t   of  a p e r t u r e s   and  t h e   d r i l l   b i t   o t h e r  

t h a n   t h e   c o u n t e r - b o r e d   p o r t i o n   31  and  t h e   p a s s a g e - w a y   28 

c o n n e c t i n g   t h e   d r i l l   b i t   end  of  t h e   p i s t o n   w i t h   t h e   b o r e  

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

of  d r i l l   c u t t i n g s .  

When  t h e   f l u i d   o p e r a t e d   hammer  i s   moved  a x i a l l y   t o w a r d s  

t h e   b a s e   of  t h e   d r i l l   h o l e   such   t h a t   t h e   d r i l l   b i t   e n g a g e s  
w i t h   t h e   b a s e   of   t h e   b o r e   h o l e   t h e   d r i l l   b i t   13  moves   i n t o  

t h e   f l u i d   h a m m e r .   As  a  r e s u l t   (as   shown  in  F i g .   2)  t h e  

c o u n t e r - b o r e d   p o r t i o n   31  in  t h e   one  end  of  t h e   hammer  2 6  

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

p a s s a g e - w a y   28  c o n n e c t i n g   t h e   t o p   sub  end  p o r t   27  of   t h e  

p i s t o n   26  w i t h   t h e   b o r e   of  t h e   p i s t o n   i s   i s o l a t e d   f rom  t h e  

s o u r c e   of  f l u i d   p r e s s u r e   w h i l e   t h e   o t h e r   p a s s a g e - w a y   30 

c o n n e c t i n g   t h e   d r i l l   b i t   p o r t   29  of  t h e   p i s t o n   26  w i t h  

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

t h e   one  s e t   of  a p e r t u r e s   24  in  t h e   f e e d   t u b e   20,  as  a  r e -  

s u l t   f l u i d   p r e s s u r e   f rom  t h e   f l u i d   s o u r c e   i s   a p p l i e d   t o  

t h e   s p a c e   b e t w e e n   t h e   d r i l l   b i t   end  29  of   t h e   p i s t o n   26  

and  t h e   c h u c k   14.  The  r e s u l t a n t   p r e s s u r e   d i f f e r e n t i a l  

p r o d u c e s   a  m o v e m e n t   of  t h e   p i s t o n   26  f rom  t h e   d r i l l   b i t .  

The  u se   of   an  a p e r t u r e   24  of   r e l a t i v e l y   s m a l l   a x i a l   d i m e n -  

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

of  f l u i d   a t   a  p r e c i s e  p o i n t   in  t h e   t r a v e l   of   t h e   p i s t o n   26  

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

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

wou ld   o c c u r   i f   a  l o n g i t u d i n a l l y   l a r g e r   p o r t   were   u s e d .  

I f   d e s i r e d   t h e   one  s e t   of  a p e r t u r e s   24  can  be  p o s i t i o n e d  

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



when  t h e   p i s t o n   i s   r a i s e d   a  s m a l l   d i s t a n c e   from  the   a n v i l  

in  o r d e r   to  make  use   of  t h e   r e a c t i v e   r e b o u n d   of  t he   p i s t o n  

a f t e r   s t r i k i n g   t h e   a n v i l   16  in  r e t u r n i n g   t h e   p i s t o n   to  i t s  

p o s i t i o n   a d j a c e n t   t h e   c e n t r a l i s i n g   r i n g   2 1 .  

When  t h e   p i s t o n   26  i s   in  i t s   p o s i t i o n   a d j a c e n t   t h e   c e n -  

t r a l i s i n g   r i n g   21  (as   shown  as  F i g .   3)  t h e   o t h e r   p a s -  

s a g e - w a y   30  b e t w e e n   t h e   d r i l l   b i t   p o r t   29  of  t h e   p i s t o n   2 6  

and  t h e   b o r e   of  t h e   p i s t o n   i s   no t   in  c o m m u n i c a t i o n   w i t h  

any   s o u r c e   of   f l u i d   p r e s s u r e   w h i l e   t h e   one  p a s s a g e - w a y   28  

p r o v i d i n g   c o m m u n i c a t i o n   b e t w e e n   t h e   t o p   sub  p o r t   27  of  t h e  

p i s t o n   26  and  t h e   b o r e   i s   in  c o m m u n i c a t i o n   w i t h   t h e   o n e  

a p e r t u r e   25a  of   t h e   o t h e r   s e t   of  a p e r t u r e s   25.  The  r e s u l -  

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

12  and  t h e   c o r r e s p o n d i n g   end  of   t h e   p i s t o n   p r o d u c e s   a  

t h r u s t   on  t h e   p i s t o n   26  to   c a u s e   i t   to   move  t o w a r d s   t h e  

d r i l l   b i t .   The  p r e s s u r e   p r o d u c i n g   t h e   t h r u s t   on  t h e   p i s -  

t o n   26  i s   r e d u c e d   o n c e   t h e   o p e n i n g   of  t h e   one  p a s s a g e - w a y  
28  i n t o   t h e   b o r e   of   t h e   p i s t o n   26  p a s s e s   t h e   one  a p e r t u r e  
25a  b u t   i s   f u r t h e r   r e i n f o r c e d   when  t h e   o p e n i n g   of  t h e   o n e  

p a s s a g e - w a y   28  c o m m u n i c a t e s   w i t h   t h e   o t h e r   a p e r t u r e   25b  o f  

t h e   o t h e r   s e t   of   a p e r t u r e s   25  d u r i n g   t h e   m o v e m e n t   of   t h e  

p i s t o n   26  t o w a r d   t h e   d r i l l   b i t .  

By  v a r i a t i o n   of   t h e   s p a c i n g   b e t w e e n   t h e   a p e r t u r e s   25a  a n d  

25b  t h e   f r e q u e n c y   and  f o r c e   of  i m p a c t   of  t h e   p i s t o n   26  o n  

t h e   d r i l l   b i t   can   be  v a r i e d   a c c o r d i n g   to   t h e   g e o l o g i c a l  

c o n d i t i o n s   in  w h i c h   t h e   hammer   i s   b e i n g   u s e d   or  t h e   p r e s -  

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

r e q u i r e s   t h e   r e p l a c e m e n t   of  t h e   f e e d   t u b e   20  o n l y .   I n  

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

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

r a c t e r i s t i c s   can  be  o p t i m i s e d   to   s u i t   t h e   c o n d i t i o n s   o r  

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



By  means   of  t h e   s e c o n d   a p e r t u r e   25b  a d d i t i o n a l   p r e s s u r e   i s  

i n t r o d u c e d   i n t o   t h e   s p a c e   a b o v e   t h e   p i s t o n   to  p r o v i d e   a n  

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

w a r d s   t h e   d r i l l   b i t   and  t h e   use   of  t h e   two  a p e r t u r e s   2 5 a  

and  25b  a l s o   s e r v e s   to   i n t r o d u c e   f u r t h e r   f l u i d   i n t o   t h e  

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

f rom  t h e   d r i l l   b i t .  

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

sub  12  and  t h e   p i s t o n   26  d u r i n g   t h e   m o v e m e n t   of  t h e   p i s t o n  

26  f rom  t h e   d r i l l   b i t   s e r v e s   to   p r e v e n t   t h e   i m p a c t   of   t h e  

p i s t o n   26  w i t h   t h e   c e n t r a l i s i n g   r i n g   2 1 .  

The  s e c o n d   e m b o d i m e n t   of  F i g s .   4,  5  and  6  i s   a  f l u i d  

o p e r a t e d   hammer   w h i c h   c o m p r i s e s   a  c y l i n d r i c a l   c a s i n g   1 1 1  

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

sub  112  m o u n t e d   a t   one  end  and  a  d r i l l   b i t   113  m o u n t e d   a t  

t h e   o t h e r   end  in  t h e   same  m a n n e r   as  t h e   f i r s t   e m b o d i m e n t  

and  h a v i n g   t h e   same  f e a t u r e s   as  t h e   hammer   of  t h e   f i r s t  

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

t h e   c h u c k   141  and  b i t   w h i c h   was  d e s c r i b e d   in  t h e   d e s c r i p -  

t i o n   of  t h e   f i r s t   e m b o d i m e n t .  

The  c a s i n g   111  f u r t h e r   s u p p o r t s   a  f e e d   t u b e   10  w h i c h   i s  

c o n c e n t r i c a l l y   m o u n t e d   a t   t h e   one  end  of  t h e   c a s i n g   111  i n  

a b u t t i n g   r e l a t i o n   w i t h   t h e   i n n e r   end  of  t h e   sub  112 .   T h e  

f e e d   t u b e   20  e x t e n d s   f rom  t h e   one  end  of  t h e   c a s i n g   f o r   a  

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

f e e d   t u b e   i s   of  t h e   same  form  as  t h a t   shown  and  d e s c r i b e d  

in  t h e   f i r s t   e m b o d i m e n t .  

The  f r e e   end  of  t h e   f e e d   t u b e   i s   p r o v i d e d   w i t h   a  s u i t a b l y  

d i m e n s i o n e d   c h o k e   123  w h i c h   p e r m i t s   a  c o n t r o l l e d   c o n -  

t i n u o u s   f l o w   of   f l u i d   down  t h r o u g h   t h e   d r i l l   b i t   113.   T h e  

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

t h r e e   s e t s   of  a p e r t u r e s .   One  s e t   of   124  c o m p r i s e s   a  s i n -  



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

t h e   c i r c u m f e r e n c e   of  t h e   f e e d   t u b e   bu t   wh ich   has   a  r e l a -  

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

f e e d   t u b e .   A l t e r n a t i v e l y   t h e   one  s e t   may  c o m p r i s e   a  

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

of  t h e   f e e d   t u b e   w h i c h   have   a  r e l a t i v e l y   s m a l l   a x i a l  

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

l o n g i t u d i n a l l y   s p a c e d   a p e r t u r e s   125a  and  125b  l o c a t e d  

t o w a r d s   t h e   f r e e   end  of  t h e   f e e d   t u b e   f rom  t h e   one  s e t   o f  

a p e r t u r e s   124 .   One  a p e r t u r e   125a  of  t h e   o t h e r   s e t   o f  

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

a p e r t u r e s   124  and  i s   g r e a t e r   in  s i z e   t h a n   t h e   o t h e r   o f  

s a i d   a p e r t u r e s   125b  and  h a s   a  g r e a t e r   a x i a l   d i m e n s i o n   t h a n  

t h e   o t h e r   a p e r t u r e   125b .   A  t h i r d   s e t   of  a p e r t u r e s   140  i s  

l o c a t e d   b e t w e e n   t h e   f i r s t   and  s e c o n d   s e t   124  and  1 2 5 .  

The  h a p p e r   f u r t h e r   s u p p o r t s   w i t h i n   t h e   c a s i n g   111  a  p i s t o n  

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

111  and  o v e r   s a i d   f e e d   t u b e   120 .   One  end  of   s a i d   p i s t o n  

i s   p r o v i d e d   w i t h   a  p o r t   127  w h i l e   a n o t h e r   p o r t   129  i s   l o -  

c a t e d   a t   an  i n t e r m e d i a t e   p o s i t i o n   on  t h e   p i s t o n .   S a i d  

p o r t s   c o m m u n i c a t e   w i t h   a  p a s s a g e - w a y   128  and  130  r e s p e c -  

t i v e l y   e x t e n d i n g   f rom  t h e   r e s p e c t i v e   p o r t   to  t h e   i n t e r n a l  

b o r e   of   s a i d   p i s t o n .   The  p a s s a g e - w a y s   128  and  130  a r e  

f o r m e d   by  o b l i q u e l y   b o r i n g   a  h o l e   f rom  t h e   p o s i t i o n   of   t h e  

r e s p e c t i v e   p o r t   of   s a i d   p i s t o n   to   t h e   b o r e   of   s a i d   p i s t o n .  

In  a d d i t i o n   t h e   end  of   t h e   p i s t o n   a d j a c e n t   t h e   t o p   sub  1 1 2  

i s   c o u n t e r b o r e d   to   p r o v i d e   an  e x p a n d e d   p o r t i o n   131  in   t h e  

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

t h e   l e n g t h   of   t h e   b o r e .  

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

p o s i t i o n   of  t h e   o t h e r   p o r t   129  and  t h e   o t h e r   end  of  t h e  

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

r e d u c e d   d i a m e t e r   and  t h e   o u t e r   end  of   t h a t   r e d u c e d   d i a m e -  

t e r   p o r t i o n   132  i s   f o r m e d   w i t h   a  r i b   133.   In  a d d i t i o n   t h e  



d r i l l   b i t   end  of  t h e   c a s i n g   s u p p o r t s   a  s l e e v e   134  w h i c h  

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

t h e   a n v i l   116  of  t h e   d r i l l   b i t   113.   The  i n n e r   mos t   end  o f  

t h e   s l e e v e   134  i s   f o r m e d   w i t h   a  r i b   135  d i m e n s i o n e d   s u c h  

t h a t   t h e   r i b   133  a t   t h e   o t h e r   end  of  t h e   p i s t o n   126  s e a l -  

i n g l y   e n g a g e s   w i t h   t h e   r i b   135  on  t h e   s l e e v e   when  t h e y   a r e  

a d j a c e n t   e a c h   o t h e r .  

As  shown  a t   F i g .   4  to   p l a c e   t h e   hammer  in  t h e   " b l o w - d o w n "  

p o s i t i o n   t h e   hammer  i s   moved  a x i a l l y   away  f rom  t h e   b a s e   o f  

t h e   d r i l l   h o l e   in  o r d e r   t h a t   t he   d r i l l   b i t   moves   to   i t s  

o u t e r m o s t   p o s i t i o n   in  t h e   c h u c k   and  t h e   b i t   r i n g   114  i s  

e n g a g e d   w i t h   t h e   a n v i l   116  of   t h e   d r i l l   b i t .   When  in  t h e  

" b l o w - d o w n "   mode  t h e   p i s t o n   16  i s   r e t a i n e d   in  c o n t a c t   w i t h  

t h e   a n v i l   116 .   The  m a i n t e n a n c e   of   t h i s   p o s i t i o n   i s   a  r e -  

s u l t   of  t h e   c o u n t e r - b o r e d   p o r t i o n   131  a t   t h e   one  end  o f  

t h e   hammer  16  b e i n g   in  c o m m u n i c a t i o n   w i t h   t h e   one  s e t   o f  

a p e r t u r e s   124  to  p r o v i d e   f l u i d   c o m m u n i c a t i o n   b e t w e e n   t h e  

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

one  end  of  t h e   p i s t o n   126  and  t h e   t o p   sub  11.  F l u i d   p r e s -  

s u r e   i s   a d m i t t e d   i n t o   t h e   s p a c e   b e t w e e n   t h e   p i s t o n   126  a n d  

t h e   d r i l l   113  t h r o u g h   t h e   t h i r d   s e t   of  p o r t s   140  and  t h e  

p o r t   129  in  t h e   d r i l l   b i t   end  of  t h e   p i s t o n .   H o w e v e r   t h i s  

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

t i o n   141  b e t w e e n   t h e   d r i l l   b i t   and  c h u c k   to   p r e v e n t   t h e  

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

and  c h u c k   d u r i n g   " b l o w - d o w n " .   F l u i d   f rom  t h e   t o p   sub  e n d  

of  t h e   p i s t o n   e s c a p e s   to  t h e   d r i l l   b i t   v i a   one  p o r t   1 2 7  

and  t h e   one  p a s s a g e   1 2 8 .  

Due  to   t h e   s m a l l   a x i a l   d i m e n s i o n   of  t h e   one  s e t   of   a p e r -  

t u r e s   i f   t h e   p i s t o n   s h o u l d   f o r   some  r e a s o n   be  moved  f r o m  

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

p i s t o n   i s   r e q u i r e d   f o r   t h e   one  s e t   of  a p e r t u r e s   to   c o m -  

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

p a s s a g e - w a y   130  and  p o r t   129.   The  s m a l l   a x i a l   d i m e n s i o n  



of  t h e   one  s e t   of  a p e r t u r e s   e n s u r e s   t h a t   t h e r e   can  be  n o  

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

s a g e - w a y   128  by  t h e   one  s e t   of  a p e r t u r e s .   T h e r e f o r e ,   t h e  

p o s s i b i l i t y   of  b a c k   hammer   i s   c o n s i d e r a b l y   r e d u c e d .   I n  

a d d i t i o n ,   due  to   t h e   a b s e n c e   of  r e s t r i c t i o n   b e t w e e n   t h e  

one  s e t   of   a p e r t u r e s   and  t h e   d r i l l   b i t   o t h e r   t h a n   t h e  

c o u n t e r - b o r e d   p o r t i o n   131  and  t h e   p a s s a g e - w a y   128  c o n n e c t -  

ing   t h e   d r i l l   b i t   end  of   t h e   p i s t o n   w i t h   t h e   b o r e   of   t h e  

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

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

of   d r i l l   c u t t i n g s .  

When  t h e   f l u i d   o p e r a t e d   hammer  i s   moved  a x i a l l y   t o w a r d s  

t h e   b a s e   of   t h e   d r i l l   h o l e   such   t h a t   t h e   d r i l l   b i t   e n g a g e s  
w i t h   t h e   b a s e   of   t h e   b o r e   h o l e   t h e   d r i l l   b i t   113  m o v e s  

i n t o   t h e   f l u i d   h a m m e r .   As  a  r e s u l t   (as   shown  in  F i g .   5 )  

t h e   c o u n t e r - b o r e d   p o r t i o n   131  in  t h e   one  end  of   t h e   h a m m e r  

126  i s   i s o l a t e d   f rom  t h e   s o u r c e   of  f l u i d   p r e s s u r e   and  t h e  

one   p a s s a g e - w a y   128  c o n n e c t i n g   t h e   t o p   sub  end  p o r t   127  o f  

t h e   p i s t o n   126  w i t h   t h e   b o r e   of  t h e   p i s t o n   i s   i s o l a t e d  

f rom  t h e   s o u r c e   of   f l u i d   p r e s s u r e   w h i l e   t h e   o t h e r   p a s -  

s a g e - w a y   30  c o n n e c t i n g   t h e   d r i l l   b i t   p o r t   129  of   t h e   p i s -  

t o n   126  w i t h   t h e   i n t e r n a l   b o r e   of   t h e   p i s t o n   i s   in  c o m -  

m u n i c a t i o n   w i t h   t h e   one  s e t   of   a p e r t u r e s   124  in  t h e   f e e d  

t u b e   120 .   As  a  r e s u l t   f l u i d   p r e s s u r e   f rom  t h e   f l u i d  

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

t e r   p o r t i o n   132  of   t h e   p i s t o n   126 ,   t h e   i n n e r   end  of  t h e  

s l e e v e   134  and  t h e   c a s i n g   111  due  to  t h e   s e a l i n g   e n g a g e -  
men t   b e t w e e n   t h e   r i b s   133  and  135  on  t h e   p i s t o n   126  a n d  

s l e e v e   134  r e s p e c t i v e l y .   The  r e s u l t a n t   p r e s s u r e   d i f f e r e n -  

t i a l   p r o d u c e s   a  m o v e m e n t   of   t h e   p i s t o n   126  f rom  t h e   d r i l l  

b i t .  

I f   d e s i r e d   t h e   one   s e t   of   a p e r t u r e s   124  can  be  p o s i t i o n e d  

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

when  t h e   p i s t o n   i s   r a i s e d   a  s m a l l   d i s t a n c e   f rom  t h e   a n v i l  



in  o r d e r   to  make  u se   of  t h e   r e a c t i v e   r e b o u n d   of  t h e   p i s t o n  
a f t e r   s t r i k i n g   t he   a n v i l   16  in  r e t u r n i n g   t h e   p i s t o n   to  i t s  

p o s i t i o n   a d j a c e n t   t h e   c e n t r a l i s i n g   r i n g   1 2 1 .  

When  t h e   p i s t o n   126  is   in  i t s   p o s i t i o n   a d j a c e n t   t h e   c e n -  

t r a l i s i n g   r i n g   121  (as  shown  at   F i g .   6)  t h e   o t h e r   p a s -  

s a g e - w a y   130  b e t w e e n   t h e   o t h e r   p o r t   129  of  t h e   p i s t o n   1 2 6  

and  t h e   b o r e   of  t h e   p i s t o n   i s   n o t   in  c o m m u n i c a t i o n   w i t h  

any  s o u r c e   of  f l u i d   p r e s s u r e   w h i l e   t h e   one  p a s s a g e - w a y   1 2 8  

p r o v i d i n g   c o m m u n i c a t i o n   b e t w e e n   t h e   one  p o r t   127  of   t h e  

p i s t o n   126  and  t h e   b o r e   i s   in  c o m m u n i c a t i o n   w i t h   t h e   o n e  

a p e r t u r e   125a  of  t h e   o t h e r   s e t   of  a p e r t u r e s   125.   T h e  

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

sub  112  and  t h e   one  end  of  t h e   p i s t o n   p r o d u c e s   a  t h r u s t   o n  

t h e   p i s t o n   126  t o w a r d s   t h e   d r i l l   b i t .  

The  p r e s s u r e   p r o d u c i n g   t h e   t h r u s t   on  t h e   p i s t o n   126  i s  

r e d u c e d   once   t h e   o p e n i n g   of  t h e   one  p a s s a g e - w a y   128  i n t o  

t h e   b o r e   of   t h e   p i s t o n   126  p a s s e s   t h e   one   a p e r t u r e   1 2 5 a  

bu t   i s   f u r t h e r   r e i n f o r c e d   when  t h e   o p e n i n g   of  t h e   o n e  

p a s s a g e - w a y   128  c o m m u n i c a t e s   w i t h   t h e   o t h e r   a p e r t u r e   1 2 5 b  

of  t h e   o t h e r   s e t   of   a p e r t u r e s   125  d u r i n g   t h e   m o v e m e n t   o f  

t h e   p i s t o n   126  t o w a r d   t h e   d r i l l   b i t .  

The  t h i r d   e m b o d i m e n t   of  F i g s .   7 ,  8   and  9  i s   a  f l u i d   o p e r a -  
t e d   hammer  w h i c h   c o m p r i s e s   a  c y l i n d r i c a l   c a s i n g   211  h a v i n g  

a  s u b s t a n t i a l l y   u n c o n t o u r e d   i n n e r   f a c e   w i t h   a  t o p   sub  2 1 2  

m o u n t e d   a t   one  end  and  a  d r i l l   b i t   213  m o u n t e d   a t   t h e  

o t h e r   end  in  t h e   same   m a n n e r   and  h a v i n g   t h e   same  f e a t u r e s  

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

s p l i n e d   i n t e r c o n n e c t i o n   241  b e t w e e n   t h e   c h u c k   and  b i t  

w h i c h   i s   d e s c r i b e d   and  shown  in  t h e   d e s c r i p t i o n   of  t h e  

f i r s t   e m b o d i m e n t .  

The  c a s i n g   211  f u r t h e r   s u p p o r t s   a  f e e d   t u b e   220  w h i c h   i s  

c o n c e n t r i c a l l y   m o u n t e d   a t   t h e   one  end  of  t h e   c a s i n g   211  i n  



a b u t t i n g   r e l a t i o n   w i t h   t h e   i n n e r   end  of  t h e   top   sub  2 1 2 .  

The  f e e d   t u b e   220  e x t e n d s   f rom  t he   one  end  of  t h e   c a s i n g  

f o r   s u b s t a n t i a l l y   t h e   f u l l   l e n g t h   of   t h e   c a s i n g   211  s u c h  

t h a t   i t s   f r e e   end  i s   r e c e i v e d   in  t h e   b o r e   of  t h e   d r i l l   b i t  

213  when  t h e   d r i l l   b i t   213  i s   in  i t s   i n n e r m o s t   p o s i t i o n   i n  

t h e   c a s i n g   bu t   i t   i s   f r e e   of  t h e   d r i l l   b i t   when  t h e   d r i l l  

b i t   i s   in   i t s   o u t e r   mos t   p o s i t i o n   w i t h i n   t h e   c a s i n g   2 1 1 .  

The  m o u n t i n g   of   t h e   f e e d   t u b e   to  t h e   t o p   sub  212  i s   of  t h e  

same  fo rm  as  t h a t   shown  and  d e s c r i b e d   in  r e l a t i o n   to   t h e  

f i r s t   e m b o d i m e n t .  

As  in  t h e   f i r s t   e m b o d i m e n t ,   t h e   c e n t r a l i s i n g   r i n g   221  m a y  
be  r e a d i l y   e x c h a n g e d   w i t h   o t h e r   r i n g s   of   d i f f e r i n g   t h i c k -  

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

u p p e r   end  of  t h e   p i s t o n   226  and  t h e   t o p   sub  may  be  v a r i e d .  

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

w i t h   t h r e e   s e t s   of   a p e r t u r e s .   One  s e t   224  c o m p r i s e s   a  

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

of   t h e   c i r c u m f e r e n c e   of   t h e   f e e d   t u b e   bu t   wh ich   has   a  

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

f e e d   t u b e .   A l t e r n a t i v e l y   t h e   one  s e t   may  c o m p r i s e   a  

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

of  t h e   f e e d   t u b e   w h i c h   h a v e   a  r e l a t i v e l y   s m a l l   a x i a l  

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

l o n g i t u d i n a l l y   s p a c e d   a p e r t u r e s   225a  and  225b  l o c a t e d  

t o w a r d s   t h e   f r e e   end  of  t h e   f e e d   t u b e   f rom  t h e   one  s e t   o f  

a p e r t u r e s   224 .   One  a p e r t u r e   225a  of   t h e   o t h e r   s e t   o f  

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

a p e r t u r e s   224  i s   g r e a t e r   in  s i z e   t h a n   t h e   o t h e r   of  s a i d  

a p e r t u r e s   225b  and  h a s   a  g r e a t e r   a x i a l   d i m e n s i o n   t h a n   t h e  

o t h e r   a p e r t u r e   2 2 5 b .   A  t h i r d   s e t   of  a p e r t u r e s   240  i s  

l o c a t e d   b e t w e e n   t h e   f i r s t   and  s e c o n d   s e t   225  and  2 2 4 .  

T o w a r d s   t h e   f r e e   end  of   t h e   f e e d   t u b e   220  t h e   w a l l s   t h e r e -  

of   a r e   f o r m e d   w i t h   a  f u r t h e r   a p e r t u r e   or  s e t   of   a p e r t u r e s  

236  h a v i n g   r e l a t i v e l y   l a r g e   d i m e n s i o n s .   A  c h o k e   223  i s  

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



224  and  225  and  the   f u r t h e r   s e t   of  a p e r t u r e s   236  to  p r o -  
v i d e   a  c o n t r o l l e d   c o n t i n o u s   f l ow  of  f l u i d   down  t h r o u g h   t h e  
d i r l l   b i t   2 1 3 .  

The  hammer  f u r t h e r   s u p p o r t s   w i t h i n   t h e   c a s i n g   211  a  p i s t o n  

226  w h i c h   i s   l o n g i t u d i n a l l y   s l i d a b l e   w i t h i n   s a i d   c a s i n g  
211  and  o v e r   s a i d   f e e d   t u b e   220.   One  end  of  s a i d   p i s t o n  
is   p r o v i d e d   w i t h   a  p o r t   227  w h i l e   a n o t h e r   p o r t   229  i s  

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

p o r t s   c o m m u n i c a t e   w i t h   a  p a s s a g e - w a y   228  or  230  r e s p e c -  
t i v e l y   e x t e n d i n g   f rom  t h e   r e s p e c t i v e   p o r t   to  t he   i n t e r n a l  

b o r e   of  s a i d   p i s t o n .   The  p a s s a g e - w a y s   228  and  230  a r e  

f o r m e d   by  o b l i q u e l y   b o r i n g   a  p a s s a g e - w a y   f rom  t h e   p o s i t i o n  

of  t h e   r e s p e c t i v e   p o r t   on  t h e   e x t e r i o r   of  s a i d   p i s t o n   t o  

t h e   b o r e   of  s a i d   p i s t o n .   In  a d d i t i o n   t h e   end  of  t h e   p i s -  
ton   a d j a c e n t   t h e   t o p   sub  212  i s   c o u n t e r - b o r e d   to  p r o v i d e  
an  e x p a n d e d   p o r t i o n   231  in  t h e   b o r e   of   t h e   p i s t o n   w h i c h  

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

The  c i r c u m f e r e n t i a l   f a c e   of  t h e   p i s t o n   226  b e t w e e n   t h e  

i n t e r m e d i a t e   p o s i t i o n   on  t h e   o t h e r   p o r t   229  and  t h e   o t h e r  

end  of  t h e   p i s t o n   226  w h i c h   i s   a d j a c e n t   t h e   d r i l l   b i t   i s  

m a c h i n e d   to  p r o v i d e   a  r e d u c e d   d i a m e t e r   p o r t i o n   w h e r e i n   t h e  

o t h e r   end  p o r t i o n   of  t h a t   r e d u c e d   d i a m e t e r   p o r t i o n   232  i s  

f o r m e d   w i t h   a  r i b   233.   In  a d d i t i o n ,   t h e   d r i l l   b i t   end  o f  

t h e   c a s i n g   s u p p o r t s   a  s l e e v e   234  w h i c h   e x t e n d s   a  s m a l l  

d i s t a n c e   b e y o n d   t h e   i n n e r m o s t   p o s i t i o n   of   t h e   a n v i l   216  o f  

t h e   d r i l l   b i t   213.   The  i n n e r m o s t   end  of  t h e   s l e e v e   234  i s  

f o r m e d   w i t h   a  r i b   235  d i m e n s i o n e d   such   t h a t   t h e   r i b   233  a t  

t h e   o t h e r   end  of  t h e   p i s t o n   226  s e a l i n g l y   e n g a g e s   w i t h   t h e  

r i b   235  on  t h e   s l e e v e   when  a d j a c e n t   e a c h   o t h e r .  

As  shown  a t   F i g .   7  to   p l a c e   t h e   hammer   in  t h e   " b l o w - d o w n "  

p o s i t i o n   t h e   hammer  i s   moved  a x i a l l y   away  f rom  t h e   b a s e   o f  

t h e   d r i l l   h o l e   in  o r d e r   t h a t   t h e   d r i l l   b i t   213  moves   t o  

i t s   o u t e r m o s t   p o s i t i o n   in  t h e   c h u c k   and  t h e   b i t   r i n g   2 1 4  



i s   e n g a g e d   w i t h   t h e   a n v i l   216  of  t h e   d r i l l   b i t .   When  i n  

t h e   " b l o w - d o w n "   mode  t h e   p i s t o n   226  is   r e t a i n e d   in  c o n t a c t  

w i t h   t h e   a n v i l   215 .   The  m a i n t e n a n c e   of  t h i s   p o s i t i o n   i s   a  

r e s u l t   of  t h e   c o u n t e r - b o r e d   p o r t i o n   231  a t   t h e   one  end  o f  

t h e   hammer   226  b e i n g   in  c o m m u n i c a t i o n   w i t h   t h e   one  s e t   o f  

a p e r t u r e s   224  to  p r o v i d e   f l u i d   c o m m u n i c a t i o n   b e t w e e n   t h e  

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

one  end  of  t h e   p i s t o n   226  and  t he   t o p   sub  212.  F l u i d  

p r e s s u r e   i s   a d m i t t e d   i n t o   t h e   s p a c e   b e t w e e n   t h e   p i s t o n   1 2 6  

and  t h e   d r i l l   b i t   113  t h r o u g h   t h e   t h i r d   s e t   of  a p e r t u r e s  
240  and  t h e   p o s t   229  in  t h e   d r i l l   b i t   end  of   t h e   p i s t o n .  

H o w e v e r   t h e   p r e s s u r e   i s   v e n t e d   t h r o u g h   t h e   s p l i n e d   i n t e r -  

c o n n e c t i o n   241  b e t w e e n   t h e   d r i l l   b i t   and  c h u c k   to   p r e v e n t  

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

b i t   and  c h u c k   d u r i n g   " b l o w - d o w n " .   F l u i d   f rom  t h e   t o p   s u b  

end  of  t h e   p i s t o n   e s c a p e s   to  t h e   d r i l l   b i t   v i a   p o r t   2 2 7  

and  t h e   one   p a s s a g e - w a y   229  and  t h e   f u r t h e r   a p e r t u r e   2 3 6  

l o c a t e d   t o w a r d s   t h e   f r e e   end  of  t h e   f e e d   t u b e .   The  f u r -  

t h e r   a p e r t u r e   236  i s   d i m e n s i o n e d   s u c h   t h a t   i t   p e r m i t s   a s  

much  f l o w   as  i s   p o s s i b l e   i n t o   t h e   d r i l l   b i t   to  m a x i m i s e  

t h e   u s e   of   t h e   f l u i d   when  in   t h e   " b l o w - d o w n "   p o s i t i o n   t o  

c l e a r   c u t t i n g s   f rom  t h e   b o r e   h o l e .  

Due  to   t h e   s m a l l   a x i a l   d i m e n s i o n   of   t h e   one  s e t   of  a p e r -  
t u r e s   i f   t h e   p i s t o n   s h o u l d   f o r   some  r e a s o n   be  moved  f r o m  

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

p i s t o n   i s   r e q u i r e d   f o r   t h e   one  s e t   of  a p e r t u r e s   to  c o m -  

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

p a s s a g e - w a y   230  and  p o r t   229.   The  s m a l l   a x i a l   d i m e n s i o n  

of   t h e   one  s e t   of   a p e r t u r e s   e n s u r e s   t h a t   t h e r e   can  be  n o  

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

s a g e - w a y   228  by  t h e   one   s e t   of   a p e r t u r e s .   T h e r e f o r e ,   t h e  

p o s s i b i l i t y   of  b a c k   hammer   i s   c o n s i d e r a b l y   r e d u c e d .   I n  

a d d i t i o n ,   due   to   t h e   l a c k   of   r e s t r i c t i o n   b e t w e e n   t h e   o n e  

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

t e r - b o r e d   p o r t i o n   231  and  t h e   p a s s a g e - w a y   228  c o n n e c t i n g  



t h e   d r i l l   b i t   end  of  t h e   p i s t o n   w i t h   t he   b o r e   of  t h e   p i s -  

t o n ,   t he   f l o w   of  a i r   to  t he   d r i l l   b i t   d u r i n g   " b l o w - d o w n "  

i s   r e l a t i v e l y   u n r e s t r i c t e d   e n s u r i n g   c l e a r i n g   of  d r i l l  

c u t t i n g s .  

When  t h e   f l u i d   o p e r a t e d   hammer  i s   moved  a x i a l l y   t o w a r d s  

t h e   b a s e   of  t h e   d r i l l   h o l e   such   t h a t   t h e   d r i l l   b i t   e n g a g e s  
w i t h   t h e   b a s e   of  t h e   b o r e   h o l e   t h e   d r i l l   b i t   213  m o v e s  

i n t o   t he   f l u i d   hammer .   As  a  r e s u l t   (as   shown  in  F i g .   8 )  

t h e   c o u n t e r - b o r e d   p o r t i o n   231  in  t h e   one  end  of  t h e   h a m m e r  

26  i s   i s o l a t e d   f rom  t h e   s o u r c e   of  f l u i d   p r e s s u r e   and  t h e  

one  p a s s a g e - w a y   228  c o n n e c t i n g   t h e   t o p   sub  end  p o r t   227  o f  

t h e   p i s t o n   226  w i t h   t h e   b o r e   of  t h e   p i s t o n   i s   i s o l a t e d  

f rom  t h e   s o u r c e   of  f l u i d   p r e s s u r e   w h i l e   t h e   o t h e r   p a s -  

s a y - w a y   230  c o n n e c t i n g   t h e   d r i l l   b i t   p o r t   229  of  t h e   p i s -  

t o n   226  w i t h   t h e   i n t e r n a l   b o r e   of   t h e   p i s t o n   i s   in  c o m -  

m u n i c a t i o n   w i t h   t h e   one  s e t   of  a p e r t u r e s   224  in  t h e   f e e d  

t u b e   220,   as  a  r e s u l t   f l u i d   p r e s s u r e   f rom  t h e   f l u i d   s o u r c e  

i s   a p p l i e d   to  t h e   s p a c e   b e t w e e n   t h e   r e d u c e d   d i a m e t e r   p o r -  
t i o n   232  of  t h e   p i s t o n   226 ,   t h e   i n n e r   end  of  t h e   s l e e v e  

234  and  t h e   c a s i n g   211  due  to  t h e   s e a l i n g   i n t e r e n g a g e m e n t  

b e t w e e n   t h e   r i b s   233  and  235  on  t h e   p i s t o n   236  and  s l e e v e  

234  r e s p e c t i v e l y .   The  r e s u l t a n t   p r e s s u r e   d i f f e r e n t i a l  

p r o d u c e s   an  u p w a r d   m o v e m e n t   of  t h e   p i s t o n   26  f rom  t h e  

d r i l l   b i t .  

The  use   of  an  a p e r t u r e   224  of  r e l a t i v e l y   s m a l l   a x i a l  

d i m e n s i o n s   i s   a  d e p a r t u r e   f rom  p r e v i o u s   p r a c t i c e   a n d  

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

a  p r e c i s e   p o i n t   in  t h e   t r a v e l   of  t h e   p i s t o n   226  and  s i m i -  

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

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

o c c u r   i f   a  l o n g i t u d i n a l l y   l a r g e r   p o r t   we re   u s e d .  

I f   d e s i r e d   t h e   one  s e t   of  a p e r t u r e s   224  can  be  p o s i t i o n e d  

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



when  the   p i s t o n   i s   r a i s e d   a  s m a l l   d i s t a n c e   from  t h e   a n v i l  

in  o r d e r   to  make  use   of  t h e   r e a c t i v e   r e b o u n d   of  t h e   p i s t o n  

a f t e r   s t r i k i n g   t h e   a n v i l   16  in  r e t u r n i n g   t h e   p i s t o n   to  i t s  

p o s i t i o n   a d j a c e n t   t h e   c e n t r a l i s i n g   r i n g   2 2 1 .  

The  u s e   of   t h e   s l e e v e   234  in  t h e   d r i l l   b i t   end  of  t h e  

c a s i n g   211  r e d u c e s   t h e   v o l u m e   of  t h e   s p a c e   i n t o   w h i c h   t h e  

o t h e r   p o r t   229  d e l i v e r s   f l u i d   to   e f f e c t   t h e   m o v e m e n t   o f  

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

of   f l u i d   r e q u i r e d   to   r e t u r n   t h e   p i s t o n   to  i t s   p o s i t i o n  

a d j a c e n t   t h e   d r i l l   b i t .  

When  t h e   p i s t o n   226  i s   in  i t s   p o s i t i o n   a d j a c e n t   t h e   c e n -  

t r a l i s i n g   r i n g   221  (as   shown  a t   F i g .   3)  t h e   o t h e r   p a s -  

s a g e - w a y   230  b e t w e e n   t h e   o t h e r   p o r t   229  of   t h e   p i s t o n   2 2 6  

and  t h e   b o r e   of  t h e   p i s t o n   i s   n o t   in  c o m m u n i c a t i o n   w i t h  

any   s o u r c e   of   f l u i d   p r e s s u r e   w h i l e   t h e   one   p a s s a g e - w a y   2 2 8  

p r o v i d i n g   c o m m u n i c a t i o n   b e t w e e n   t h e   one  p o r t   227  of   t h e  

p i s t o n   226  and  t h e   b o r e   i s   in  c o m m u n i c a t i o n   w i t h   t h e   o n e  

a p e r t u r e   225a  of  t h e   o t h e r   s e t   of  a p e r t u r e s   225.   T h e  

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

sub  12  and  t h e   c o r r e s p o n d i n g   end  of   t h e   p i s t o n   p r o d u c e s   a  

t h r u s t   on  t h e   p i s t o n   26  to   c a u s e   i t   to   move  t o w a r d s   t h e  

d r i l l   b i t .  

The  p r e s s u r e   p r o d u c i n g   t h e   t h r u s t   on  t h e   p i s t o n   226  i s  

r e d u c e d   o n c e   t h e   o p e n i n g   of  t h e   one  p a s s a g e - w a y   228  i n t o  

t h e   b o r e   of   t h e   p i s t o n   226  p a s s e s   t h e   edge   of   t h e   o n e  

a p e r t u r e   225a  b u t   i s .  f u r t h e r   r e i n f o r c e d   when  t h e   o p e n i n g  

of   t h e   one   p a s s a g e - w a y   228  c o m m u n i c a t e s   w i t h   t h e   o t h e r  

a p e r t u r e   225b  of   t h e   o t h e r   s e t   of  a p e r t u r e s   25  d u r i n g   t h e  

m o v e m e n t   of  t h e   p i s t o n   26  t o w a r d   t h e   d r i l l   b i t .  

I t   s h o u l d   be  n o t e d   t h a t   t h e   hammer   of  e a c h   e m b o d i m e n t   m a y  
be  u s e d   f o r   b o r e   h o l e s   d i s p o s e d   a t   any  a n g l e   f rom  a  w o r k  

s t a t i o n   a b o v e   and  b e l o w   t h e   h o r i z o n t a l   a x i s .  



In  each   of  t h e   e m b o d i m e n t s   t he   t h i r d   s e t   of  a p e r t u r e s   4 0 ,  
140  and  240  p r o v i d e   an  a d d i t i o n a l   o u t l e t   fo r   f l u i d   f r o m  

t h e   hammer  i n t o   t h e   b o r e   h o l e   when  t he   hammer  is   in  i t s  

" b l o w - d o w n "   mode.   T h e r e f o r e   t h e   f l ow  of  h i g h   p r e s s u r e  
f l u i d   i n t o   t he   b o r e   h o l e   is   m a x i m i s e d   when  the   h a m m e r  

moves  to  t h e   " b l o w - d o w n "   mode  and  t h e   r e s u l t a n t   s u d d e n  

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

b o r e   h o l e .  

T h i s   e f f e c t   of  t h e   t h i r d   s e t   of  a p e r t u r e s   i s   of   p a r t i c u l a r  

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

e f f i c i e n c y   i t   i s   d e s i r a b l e   to   c l o s e   o f f   t h e   l o w e r   end  o f  

t h e   f e e d   t u b e .   In  such   h a m m e r s   t h e   t h i r d   s e t   of  a p e r t u r e s  

s e r v e   a  s i m i l a r   f u n c t i o n   as  a  c h o k e   in  t h e   " b l o w - d o w n "  

mode  to  a u g m e n t   t h e   f l u i d   f l ow  t h r o u g h   t h e   c e n t r e  o f   t h e  

c h u c k .  

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

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

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

hammer  when  in  t h e   " b l o w - d o w n "   m o d e .  

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

need   no t   be  r e s t r i c t e d   to  t h e   p a r t i c u l a r   s c o p e   of  t h e  

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

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

p i s t o n   or  a p e r t u r e s   in  t he   f e e d   t u b e   an  i n t e r r e l a t i o n s h i p  

b e t w e e n   t h e   p i s t o n   c y l i n d e r ,   t op   s u b ,   d r i l l   b i t   and  c h u c k  

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



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

c a s i n g   ( 1 1 )   h a v i n g   a  b o r e   f o r   s l i d a b l y   r e c e i v i n g   a  p i s t o n  

( 2 6 ) ,   a  t o p   sub  ( 1 2 )   m o u n t e d   at   one  e n d ,   a  d r i l l   b i t   ( 1 3 )  

m o u n t e d   to  t h e   o t h e r   end   by  means   of   a  c h u c k   ( 1 4 ) ,   a  f e e d  

t u b e   (20 )   c o n c e n t r i c a l l y   m o u n t e d   w i t h i n   t h e   u p p e r   end  o f  

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

c a s i n g ,   s a i d   f e e d   t u b e   (20 )   b e i n g   c o n n e c t i b l e   to  a  f l u i d  

s o u r c e   t h r o u g h   s a i d   t o p   sub  ( 1 2 ) ,   a  p i s t o n   ( 2 6 )   s l i d a b l y  

m o u n t e d   w i t h i n   t h e   b o r e   of  s a i d   c a s i n g   ( 1 1 )   o v e r   s a i d  

f e e d   t u b e ,   a t   l e a s t   one  a p e r t u r e   (24)   p r o v i d e d   in   t h e  

w a l l s   of  s a i d   f e e d   t u b e   ( 2 0 ) ,   a t   l e a s t   one  p o r t   ( 2 7 , 2 9 , )  

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

s p a c e d   l o c a t i o n s   i n t o   t h e   b o r e   of  t h e   p i s t o n   to  p e r i o d i -  

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

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

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

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

f r o m   t h e   d r i l l   b i t ;   a  f u r t h e r   a p e r t u r e   ( 4 0 )   p r o v i d e d   i n  

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

d r i l l   b i t   ( 1 3 )   and  s a i d  p i s t o n   (26 )   when  s a i d   hammer   i s   i n  

t h e   " b l o w - d o w n "   p o s i t i o n   and  s a i d   d r i l l   b i t   ( 13 )   b e i n g  

m o u n t e d   in  s a i d   c h u c k   s u c h   t h a t   when  in  t h e   " b l o w - d o w n "  

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

e x t e r i o r   of   t h e   hammer   t h r o u g h   t h e   zone   b e t w e e n  t h e   d r i l l  

b i t   ( 1 3 )   and  t h e   c h u c k   ( 1 4 ) .  



2.  A  f l u i d   o p e r a t e d   hammer   as  c l a i m e d   at   c l a i m   1 ,  

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

f u r t h e r   a p e r t u r e   (40)   and  s a i d   s p a c e   when  t he   hammer   i s  

in  t he   " b l o w - d o w n "   p o s i t i o n   i s   v i a   t h e   p o r t   (29)   p r o v i d e d  

at   t h e   d r i l l   b i t   end  of  t he   p i s t o n .  

3.  A  f l u i d   o p e r a t e d   hammer   as  c l a i m e d   a t   c l a i m   1  or  2 

c h a r a c t e r i z e d   in  t h a t   t h e   d r i l l   b i t   ( 13 )   i s   c a p a b l e   o f  

l i m i t e d   l o n g i t u d i n a l   s l i d a b l e  m o v e m e n t   in   t h e   c h u c k   ( 1 4 ) .  

4.  A  f l u i d   o p e r a t e d   hammer   as  c l a i m e d   a t   c l a i m   1 , 2   o r   3 ,  

c h a r a c t e r i z e d   in  t h a t   t h e   d r i l l   b i t   ( 13 )   and  c h u c k   ( 1 4 )  

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

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

f a c e s .  
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