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(3)  Connection  of  rod-like  components  and  down-the-hole  hammer  drill. 

A  connection  for  rod-like  components,  such  as  fluid  flow 
path-defining  components  in  a  fluid  powered  free-piston 
down-the-hole  hammer  drill,  comprising  inner  and  outer 
components  (7,5)  having  adjacent  overlapping  surfaces  is 
characterised  by  at  least  one  circumferential  recess  (9,11)  in 
each  of  the  overlapping  surfaces,  the  recesses  (9,11)  being 
opposed  to  define  one  ore  more  annular  spaces  each 
accomodating  an  elastomeric  sealing/retaining  ring  (8).  The 
overlapping  surfaces  are  preferably  a  close  fit  one  within  the 
other  and  have  a  plurality  of  said  recesses  (9,11)  spaced-apart 
to  accommodate  correspondingly  spaced  rings  (8)  to  distri- 
bute  stresses  between  the  components  (7,5)  and  to  maintain 
alignment  thereof. 
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THIS  INVENTION  c o n c e r n s   the   c o n n e c t i o n   of  r o d - l i k e  

c o m p o n e n t s   to  one  a n o t h e r   or  to  o t h e r   c o m p o n e n t s .   T h e  

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

c o n n e c t i o n s   i n   s y s t e m s   s u b j e c t   to  h i g h   s t r e s s   a n d / o r  

v i b r a t i o n   l e v e l s .  

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

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

b e t w e e n   c o m p o n e n t s ,   e . g .   c o m p o n e n t s   d e f i n i n g   f l u i d   f l o w  

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

t o o l s ,   e . g .   hammer   d r i l l s ,   and  the   i n v e n t i o n   w i l l   b e  

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

In   a  hammer   d r i l l   s u c h   as  a  d o w n - t h e - h o l e   r o c k   d r i l l  

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

c y l i n d e r   and  to  d e l i v e r   b l o w s   to  an  a n v i l   s u r f a c e   on  a  

b i t   s h a n k .   The  r e c i p r o c a t i o n   of   t he   p i s t o n   i s  

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

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

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

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

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

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

f o r m e d   in   the   c y l i n d e r   w a l l   a n d / o r   in   the   p i s t o n   o r  

in   a  t u b e   e x t e n d i n g   t h e r e i n   or  t h e r e t h r o u g h .   T h e r e   m a y  
be  f u r t h e r   c o n t r o l   of  the   f l u i d   f l o w s   by  a  v a l v e   s y s t e m  

or  the   a r r a n g e m e n t   may  be  " v a l v e l e s s "   and  r e l y   e n t i r e l y  

on  the   m o t i o n   of  the   p i s t o n   r e l a t i v e   to  o t h e r   c o m p o n e n t s  

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

and  ou t   of  the   w o r k i n g   c h a m b e r s .  

In  many  s u c h   hammer   d r i l l s   and  s i m i l a r   f l u i d - p o w e r e d  

f r e e - p i s t o n   d e v i c e s ,   c e r t a i n   of  the   f l u i d   f low  p a t h s  



i n v o l v e   t u b e s   t h a t   e x t e n d   w i t h i n   the   d e v i c e   and  t h a t  

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

s u b j e c t   to  h i g h   l e v e l s   o f   s t r e s s   a n d / o r   v i b r a t i o n .   For   • 

i n s t a n c e ,   the   p i s t o n   may  c a r r y   a  t u b e   t h a t   e x t e n d s   f r o m  

one  or   o t h e r   end  t h e r e o f   so  as  to  r e c i p r o c a t e   w i t h   t h e  

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

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

t r a v e l   of   the   p i s t o n   w i t h i n   t he   c y l i n d e r .   In   o t h e r  

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

t h a t   i s   f i x e d   a t   one  or   o t h e r   of  i t s   e n d s   and  has   p o r t s  

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

w i t h   t h e   p o s i t i o n   of  t he   p i s t o n   r e l a t i v e l y   to  t he   t u b e .  

In   y e t   o t h e r   c a s e s   a  t u b e   i s   f i x e d   w i t h i n   one  or  o t h e r   o f  

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

f o r   p a r t   of  t he   c y c l e   of   m o t i o n   of  t he   l a t t e r :   a  t y p i c a l  

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

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

e x h a u s t   p a s s a g e   i n   t he   b i t   s h a n k   of  a  hammer   d r i l l   a n d  

t h a t   c o - o p e r a t e s   w i t h   t h e   p i s t o n   to  c o n t r o l   t he   e x h a u s t  

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

I t   i s   a  common  e x p e r i e n c e   in   t he   o p e r a t i o n   of  h a m m e r  

d r i l l s   and  l i k e   d e v i c e s   t h a t   s u c h   f l u i d - c o n v e y i n g   t u b e s  

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

c o n n e c t i o n s   to  t he   c o m p o n e n t s   to  w h i c h   t h e y   a r e   f i x e d .  

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

t h a t   i n v o l v e   the   i n t e r p o s i t i o n   of  r e s i l i e n t   m a t e r i a l   t o  

damp  t h e   t r a n s m i s s i o n   of   v i b r a t i o n   e n e r g y   b e t w e e n   t h e  

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

c o n n e c t i o n .   H o w e v e r ,   t he   a r r a n g e m e n t s   h i t h e r t o   u s e d   o r  

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

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

m a n u f a c t u r e ,   so  l e a d i n g   to  d i f f i c u l t i e s   in   s e r v i c i n g   i n  

t h e   f i e l d ,   or  have   shown  a  l a c k   of  r e l i a b i l i t y   in  s e r v i c e .  

An  o b j e c t   of  t he   p r e s e n t   i n v e n t i o n   i s   t h e r e f o r e   t o  

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

d i f f i c u l t i e s   e x p e r i e n c e d   h i t h e r t o   in   t he   above   d i s c u s s e d  

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



In   a c c o r d a n c e   w i t h   t he   i n v e n t i o n ,   a  c o n n e c t i o n   o f  

r o d - l i k e   c o m p o n e n t s   c o m p r i s i n g   i n n e r   and  o u t e r   c o m p o n e n t s  

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

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

l e a s t   one  c i r c u m f e r e n t i a l   r e c e s s ,   t he   r e c e s s e s   in   t h e  

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

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

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

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

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

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

a c c o m m o d a t i n g   an  e l a s t o m e r i c   s e a l i n g / r e t a i n i n g   r i n g ,   t h e  

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

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

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

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

and  a l s o   s e r v e   to  m a i n t a i n   a l i g n m e n t   t h e r e o f .  

In   p r e f e r r e d   e m b o d i m e n t s   of  t he   i n v e n t i o n ,   t he   o v e r -  

l a p p i n g   s u r f a c e s   of   the   two  c o m p o n e n t s   a re   a  c l o s e   f i t  

one  w i t h i n   t he   o t h e r   and  the   s a i d   r e c e s s e s   a re   of  g r e a t e r  

d e p t h   in   one  s u c h   s u r f a c e   t h a n   the   o t h e r ,   w h e r e b y   t h e  

or  e a c h   s e a l i n g / r e t a i n i n g   r i n g   i s   a c c o m m o d a t e d   m a i n l y  

in   t he   d e e p e r   r e c e s s   so  as  to  f a c i l i t a t e   a s s e m b l y   of  t h e  

c o n n e c t i o n   by  t e l e s c o p i c   m o v e m e n t   of   t he   c o m p o n e n t s  

r e l a t i v e   to  one  a n o t h e r .   The  o v e r l a p p i n g   s u r f a c e s   may  b e  

d i m e n s i o n e d   to  h a v e   an  i n t e r f e r e n c e   f i t ,   bu t   in   p r e f e r r e d  

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

In   p r e f e r r e d   e m b o d i m e n t s   of  t he   i n v e n t i o n   t h e  

e l a s t o m e r i c   s e a l i n g / r e t a i n i n g   r i n g s   a r e   0 - r i n g s ,   b u t   r i n g s  

of  o t h e r   c o n f i g u r a t i o n   may  be  e m p l o y e d :   in   p a r t i c u l a r ,  

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

s h a p e d   to  c o - o p e r a t e   w i t h   s u c h   r i n g s   to  p r o v i d e   e n h a n c e d  

s e a l i n g   p e r f o r m a n c e .  

The  or  e a c h   e l a s t o m e r i c   s e a l i n g / r e t a i n i n g   r i n g   m a y  

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

H o w e v e r   in   some  e m b o d i m e n t s   s u c h   a  r i n g   may  be  f i x e d ,  

e . g .   by  a d h e s i v e   b o n d i n g ,   in   t he   a c c o m m o d a t i n g   r e c e s s  



of  one  of   t he   c o m p o n e n t s   p r i o r   to  a s s e m b l y . o f   t h e  

i n t e r c o n n e c t i o n .  

The  c o m p o n e n t s   may  be  f o r m e d   of   any  d e s i r e d   m a t e r i a l s  

and   may  be  of   t h e   same  or   of  d i f f e r e n t   m a t e r i a l s .   One  

or   t he   o t h e r   or  b o t h   of  t he   c o m p o n e n t s   may  be  of   c o m p o s i t e  

c o n s t r u c t i o n   to  p r o v i d e   r e q u i r e d   p r o p e r t i e s   of  s t r u c t u r a l  

s t r e n g t h   and  f l e x i b i l i t y   or  r e s i l i e n c e .  

To  f a c i l i t a t e   a s s e m b l y   of  t he   i n t e r c o n n e c t i o n ,   t h e  

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

f o r m e d   w i t h   t he   or   e a c h   s a i d   r e c e s s   t h e r e i n .   T h a t  

s u r f a c e   may  i t s e l f   i n i t i a l l y   be  t a p e r e d ,   or  the   c o m p o n e n t  

may  be  f o r m e d   to  p e r m i t   s u c h   s u r f a c e   to  d i s t o r t   t o  

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

made  to  d i s t o r t   or  r e s t o r e   t he   s h a p e   of   t he   s u r f a c e ,  

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

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

T h u s ,   f o r   i n s t a n c e ,   i n   one  e m b o d i m e n t   of   t h e  

i n v e n t i o n ,   t he   i n n e r   c o m p o n e n t   c o m p r i s e s   a  t u b e   o n e  

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

r e c e s s e s   and   a  t a p e r e d   l e a d - i n ,   t he   w a l l   t h i c k n e s s   of  t h e  

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

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

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

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

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

p l u g ,   i n t o   t he   t u b e   end  f o l l o w i n g   a s s e m b l y   may  t h e n   s e r v e  

to  r e s t o r e   t he   t u b e   end  to  i t s   i n i t i a l   c o n f i g u r a t i o n  

so  t h a t   i t s   e x t e r n a l   s u r f a c e   m a t c h e s   t h a t   of  t he   o u t e r  

c o m p o n e n t   i n t o   w h i c h   i t   ha s   b e e n   so  f i t t e d .  

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

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

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

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

Some  e m b o d i m e n t s   o f   the   i n v e n t i o n   a r e   i l l u s t r a t e d  

by  way  of  e x a m p l e   i n   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 :  

FIGURES  1A  and  1B  t o g e t h e r   c o n s t i t u t e   a  p a r t - s e c t i o n a l  

e l e v a t i o n   of  a  d o w n - t h e - h o l e   hammer   d r i l l   u n i t   e m b o d y i n g  



t he   i n v e n t i o n ;  

FIGURE  2  i s   an  e n l a r g e m e n t   of  p a r t   of  F i g u r e   l A ;  

FIGURE  3  i s   an  a x i a l   s e c t i o n   of  t he   v a l v e   p a r t  

c o n s t i t u t i n g   the   o u t e r   c o m p o n e n t   of  t he   i n t e r c o n n e c t i o n  

e m b o d i e d   in   t he   d r i l l   u n i t ;  

FIGURE  4  i s   an  a x i a l   s e c t i o n   of  t he   e x h a u s t   t u b e  

c o n s t i t u t i n g   t he   i n n e r   c o m p o n e n t   of  the   i n t e r c o n n e c t i o n  

e m b o d i e d   in   the   d r i l l   u n i t ;  

FIGURE  5  i s   a  p a r t l y   s c h e m a t i c   a x i a l   s e c t i o n   of   p a r t  

of  a n o t h e r   d o w n - t h e - h o l e   hammer   d r i l l   u n i t   e m b o d y i n g  

the   i n v e n t i o n ;  

FIGURE  6  shows   in   a x i a l   s e c t i o n   one  c o n s t r u c t i o n   o f  

the   f o o t   v a l v e ,   e m b o d y i n g   t he   i n v e n t i o n ,   in  the   d r i l l   u n i t  

of  F i g u r e   5;  a n d  

FIGURE  7  i l l u s t r a t e s   a n o t h e r   c o n s t r u c t i o n   of  t h e  

f o o t   v a l v e ,   e m b o d y i n g   t he   i n v e n t i o n ,   of  t h e   d r i l l   u n i t  

of   F i g u r e   5 .  

The  hammer   d r i l l   u n i t   i l l u s t r a t e d   in   F i g u r e s   lA  a n d  

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

w h i c h   a  p i s t o n   2  i s   r e c i p r o c a b l e   to  d e l i v e r   b l o w s   on  t h e  

a n v i l   s u r f a c e   a t   t he   end  of  a  b i t   s h a n k ,   the   r e c i p r o c a t i o n  

of  t he   p i s t o n   2  b e i n g   e f f e c t e d   by  the   a d m i s s i o n   o f  

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

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

v a l v e   m e c h a n i s m   i n c l u d i n g   a  v a l v e   e l e m e n t   4.  The  v a l v e  

e l e m e n t   4  r e c i p r o c a t e s   w i t h i n   a  v a l v e   s t r u c t u r e   i n c l u d i n g  

a  v a l v e   b o t t o m  5   t h a t   f i t s   p a r t l y   w i t h i n   t he   a d j a c e n t   e n d  

of   t he   l i n e r   la   and  h a s   t h r o u g h - f l o w   p a s s a g e s   6  and  a  

c e n t r a l   b o r e .  

An  e x h a u s t   t u b e   7  i s   f i t t e d   to  the   b o r e   of  the   v a l v e  

b o t t o m   5  by  an  i n t e r c o n n e c t i o n   e m b o d y i n g   the   p r e s e n t  

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

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

b o t t o m   5  and  of  t he   e x h a u s t   t u b e   7,  r e s p e c t i v e l y ,   t h e  

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

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

s e a l i n g / r e t a i n i n g   r i n g s   8 .  



The  c o n f i g u r a t i o n   of  t he   v a l v e   b o t t o m   5  i s   b e s t   s e e n  

i n   F i g u r e s   2  and   3  t h a t   show  t he   b o r e   to  be  of  u n t a p e r e d  

c y l i n d r i c a l   c o n f i g u r a t i o n   f o r m e d   w i t h   r e c e s s e s  9   o f  

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

r e c e s s   c r o s s - s e c t i o n   a r e   r a d i u s s e d   and   the   e d g e s   a t   t h e  

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

e d g e s .   T h i s   v a l v e   b o t t o m   5  i s   f o r m e d   of  s t e e l ,   c a s e -  

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

c o m p l e t e d .  

F i g u r e   4  shows  the   f o rm  of   t he   e x h a u s t   t u b e   7  p r i o r  

to  a s s e m b l y .   T h i s   t ube   i s   f o r m e d   of   a  h i g h   s t r e n g t h  

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

r e i n f o r c e d   p l a s t i c ,   or  of  a  m a t e r i a l   s u c h   as  t he   a c e t a l  

p l a s t i c s   m a t e r i a l   s o l d   by  D u P o n t   u n d e r   t he   T r a d e   M a r k  

" D e l r i n " .   As  shown  the   t u b e   h a s   an  end  p o r t i o n   1 0  

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

r e c e s s e s   11  a t   i n t e r v a l s   c o r r e s p o n d i n g   w i t h   the   s p a c i n g  

of   t h e   r e c e s s e s   9  in   the   b o r e   of   t he   v a l v e   b o t t o m   5 .  

I t   w i l l   be  o b s e r v e d   t h a t   the   r e c e s s e s   9  in   t he   b o r e  

of   t he   v a l v e   b o t t o m   5  a r e   of  s u b s t a n t i a l l y   g r e a t e r   d e p t h  

t h a n   t h e   r e c e s s e s   1 1  o n   the   e x h a u s t   t u b e   7.  Thus  t h e  

e l a s t o m e r i c   s e a l i n g / r e t a i n i n g   r i n g s   8  a r e   m a i n l y   a c c o m m o -  

d a t e d   i n   t h e   r e c e s s e s   9  and  w i l l   be  r e l i a b l y   r e t a i n e d   i n  

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

c o n n e c t i o n   by  e n d w i s e   i n t r o d u c t i o n   of   t he   e x h a u s t   t u b e   7  

i n t o   t h e   b o r e   of  t he   v a l v e   b o t t o m .   The  d i f f e r e n t  

s h a p e s   of   t he   c r o s s - s e c t i o n s   of   t he   r e s p e c t i v e   r e c e s s e s  

a l s o   e n s u r e   r e t e n t i o n   of   t he   s e a l i n g / r e t a i n i n g   r i n g s   8 

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

The  e x t r e m i t y   of  the   e x h a u s t   t u b e   7  has   a  t a p e r e d  

l e a d - i n   12  and  the   end  p o r t i o n   10  of   t he   t u b e   h a s  a  

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

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

As  i n i t i a l l y   f o r m e d ,   t he   end  p o r t i o n   10  of  t he   t u b e  

7,  a p a r t   f r om  t he   l e a d - i n   12,  i s   of   u n t a p e r e d   c y l i n d r i c a l  

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

f i t   w i t h   t he   b o r e   of  the   v a l v e   b o t t o m   5.  In  a s s e m b l i n g  



t h e   i n t e r c o n n e c t i o n   b e t w e e n   the   e x h a u s t   t u b e   and  t h e  

v a l v e   b o t t o m ,   the   e l a s t o m e r i c   s e a l i n g / r e t a i n i n g   r i n g s  

8,  s u i t a b l y   0 - r i n g s ,   a r e   f i t t e d   to  the   r e c e s s e s   9  o f  

the   v a l v e   b o t t o m   b o r e   w h e r e a f t e r   t he   e x h a u s t   t u b e   7 

i s   f o r c e d   e n d w i s e   i n t o   p o s i t i o n   i n   the   b o r e .   To  a s s i s t  

t he   i n t r o d u c t i o n   of  the   t u b e   7  i n t o   the   b o r e   a  s u i t a b l e  

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

r i n g - f i t t e d   v a l v e   b o t t o m   b o r e :   the   l u b r i c a n t   may  be  a  

l i g h t   o i l   or  a  s o a p   or  l i k e   s o l u t i o n .  

U n d e r   t he   c o m p r e s s i v e   l o a d s   i m p o s e d   upon   the   t u b e  

end  p o r t i o n   10  by  t he   s e a l i n g / r e t a i n i n g   r i n g s   8  as  t h e  

t u b e   i s   f o r c e d   i n t o   p o s i t i o n   and  the   r i n g s   8  r i d e   o v e r  

the   l a n d s   b e t w e e n   the   r e c e s s e s   11,  t he   t u b e   end  p o r t i o n  

10  t e n d s   to  d i s t o r t   and  t a k e   a  s l i g h t   t a p e r   " s e t " .  

A c c o r d i n g l y ,   when  the   t u b e   7 . h a s   b e e n   f o r c e d   f u l l y   i n t o  

p l a c e   w i t h   i t s   r e c e s s e s   11  a l i g n e d   w i t h   the   c o r r e s p o n d i n g  

r e c e s s e s   9  of  t he   v a l v e   b o t t o m   b o r e ,   a  s c r e w - t h r e a d e d  

p l u g   14  i s   s c r e w e d   i n t o   t he   b o r e   of  the   end  p o r t i o n   10  

and  b e c a u s e   of  t he   t a p e r   of   t he   s c r e w   t h r e a d   13  i n  

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

p o r t i o n   10  i n t o   c l o s e   c o n f o r m i t y   w i t h   the   b o r e   of  t h e  

v a l v e   b o t t o m .  

The  s e a l i n g / r e t a i n i n g   r i n g s   8  in   t he   a s s e m b l e d  

c o n d i t i o n   of  t he   p a r t s   as  i l l u s t r a t e d   in   F i g u r e s   1  a n d  2  

p r o v i d e   m u l t i p l e   s t r e s s   p a t h s   b e t w e e n   t he   i n n e r   c o m p o n e n t  
c o n s t i t u t e d   by  the   e x h a u s t   t u b e   7  and  the   o u t e r   c o m p o n e n t  
c o n s t i t u t e d   by  the   v a l v e   b o t t o m   5.  T h e s e   r i n g s   a l s o  

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

c o m p o n e n t s   and  t h u s   r e l i a b l y   h o l d   the   t u b e   7  in   p l a c e  

in   t he   v a l v e   b o t t o m ,   n o t w i t h s t a n d i n g   h i g h   l e v e l s   o f  

v i b r a t i o n   to  w h i c h   the   c o m p o n e n t s   a r e   s u b j e c t e d   d u r i n g  

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

f r o m   t he   r e g i o n   of  t he   v a l v e   4  a l o n g   the   o u t e r   w a l l   o f  

the   t u b e   7 .  
'  F i g u r e   5  i l l u s t r a t e s   s c h e m a t i c a l l y   and  in  a x i a l  

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

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



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

i n v e n t i o n .  

The  d r i l l   u n i t  i l l u s t r a t e d   in   t h i s   F i g u r e   5  c o m p r i s e s  

a  c a s i n g   20  d e f i n i n g   a  c y l i n d e r   w i t h i n   w h i c h   a  p i s t o n   2 1  

i s   r e c i p r o c a b l e   to  d e l i v e r   b l o w s   on  t he   a n v i l   s u r f a c e  

a t   t he   end  of  a  b i t   s h a n k   22  so  s e c u r e d   in   t h e   end  o f  

t he   c a s i n g   20  by  means   of   a  c h u c k   23  and   a  r e t a i n i n g   a n d  

s e a l i n g   r i n g   24  as  to  h a v e   l i m i t e d   f r e e d o m   f o r   a x i a l  

m o v e m e n t   r e l a t i v e l y   to  t he   c a s i n g   20.  The  b i t   s h a n k   2 2  

i s   f o r m e d   w i t h   an  e x h a u s t   p a s s a g e   25  t h a t   e x t e n d s   to  o u t -  

l e t s   in   t he   b i t   h e a d   ( n o t   shown)   and  t h a t   i s   f i t t e d   w i t h  

a  f o o t   v a l v e   t u b e   26  t h a t   e n t e r s   a  b o r e   in   t he   p i s t o n   2 1  

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

p o s i t i o n ,   so  as  to  c u t   o f f   t he   e x h a u s t   f l o w   p a t h   f o r   a i r  

i n   t he   a d j a c e n t   w o r k i n g   c h a m b e r   of  the   c y l i n d e r   w h i l s t  

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

p i s t o n   f rom  the   w o r k i n g   c h a m b e r   a t   t he   o t h e r   end  of  t h e  

c y l i n d e r   d e f i n e d   by  t he   c a s i n g   2 0 .  

The  f o o t   v a l v e   t u b e   26,  b e c a u s e   i t   i s   f i x e d   to  t h e  

b i t   s h a n k   and  p r o t r u d e s   f rom  the   a n v i l   s u r f a c e   t h e r e o f ,  

e x p e r i e n c e s   i n t e n s e   s h o c k   and  v i b r a t i o n   l o a d i n g   in   t h e  

r e g i o n   of  i t s   c o n n e c t i o n   to  the   b i t   s h a n k .   The  i n t e r -  

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

s u i t e d   to  s e c u r i n g   t h e   f o o t   v a l v e   t u b e   26  i n   t he   b i t  

s h a n k .  

F i g u r e   6  i l l u s t r a t e s   one  c o n s t r u c t i o n a l   f o rm  o f  

t h i s   i n t e r c o n n e c t i o n   and   i t   w i l l   be  s e e n   t h a t   i n   t h i s  

c a s e   the   f o o t   v a l v e   t u b e   26  i s   f o r m e d   w i t h   r e c t a n g u l a r  

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

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

p o r t i o n   of   the   b o r e   25  of   the   b i t   s h a n k ,   t h e   o p p o s e d  

r e c e s s e s   t o g e t h e r   d e f i n i n g   a  s e r i e s   of   s p a c e d - a p a r t  

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

r e t a i n i n g   r i n g   27.  The  t u b e   26  may  be  made  of  a n y  

s u i t a b l e   m a t e r i a l   and   i f   d e s i r e d   may  be  f i t t e d ,   a f t e r  

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

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



e n s u r e   a  r e q u i r e d   f i t   b e t w e e n   the   t u b e   and  t he   b o r e   of  t h e  

b i t   s h a n k .  

F i g u r e   7  i l l u s t r a t e s   a n o t h e r   c o n s t r u c t i o n   in   w h i c h  

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

h a v i n g   an  end  p o r t i o n   26a  f o r m e d   of  one  m a t e r i a l ,   f o r  

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

t h e   i n t e r c o n n e c t i o n ,   and  an  e x t e n s i o n   p o r t i o n   26b  f o r m e d  

of   a  d i f f e r e n t   m a t e r i a l   ( e . g .   a  p l a s t i c s   m a t e r i a l )   a n d  

s u i t a b l y   a t t a c h e d   to  the   end  p o r t i o n   26a ,   b e f o r e   or  a f t e r  

f i t m e n t   of  t h e   l a t t e r   to  t he   b i t   s h a n k   22.  The  c o m p o s i t e  

c o n s t r u c t i o n   of  t he   f o o t   v a l v e   t u b e   in   F i g u r e   7  e n a b l e s   t h e  

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

c h o s e n   to  p r o v i d e   the   r e q u i r e d   p r o p e r t i e s   in   t h o s e   p o r t i o n s  

of   t h e   t u b e .   Thus   the   end  p o r t i o n   26a  may  be  f o r m e d   o f  

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

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

27,   w h e r e a s   the   p o r t i o n   26b  may  be  of  a  m a t e r i a l   c h o s e n  

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

p i s t o n   b o r e   and  to  t o l e r a t e   s l i g h t   m i s a l i g n m e n t s   b e t w e e n  

t h e   b i t   and  the   p i s t o n ,   a n d / o r   to  be  of  low  m a s s .  

A l t e r n a t i v e l y ,   t he   p o r t i o n   26a  m i g h t   be  made  of  a  p l a s t i c s  

m a t e r i a l   and  the   p o r t i o n   26b  of  m e t a l ,   to  p r o v i d e  

a p p r o p r i a t e   p r o p e r t i e s   to  mee t   c e r t a i n   p e r f o r m a n c e  

r e q u i r e m e n t s :   f o r   i n s t a n c e   to  e n a b l e   t he   c o m p o n e n t s   t o  

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

i n j e c t i o n .  



1.  A  c o n n e c t i o n   of  r o d - l i k e   c o m p o n e n t s   c o m p r i s i n g   i n n e r  

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

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

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

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

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

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

2.  A  c o n n e c t i o n   a c c o r d i n g   to  c l a i m   1,  f u r t h e r  

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

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

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

s e a l i n g / r e t a i n i n g   r i n g .  

3.  A  c o n n e c t i o n   a c c o r d i n g   to  c l a i m   1  or  2,  f u r t h e r  

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

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

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

4.  A  c o n n e c t i o n   a c c o r d i n g   to  c l a i m   1,  2  or  3,  f u r t h e r  

c h a r a c t e r i s e d   in   t h a t   t h e   or  e a c h   s a i d   s e a l i n g / r e t a i n i n g  

r i n g   i s   an  O - r i n g .  

5.  A  c o n n e c t i o n   a c c o r d i n g   to  any   p r e c e d i n g   c l a i m ,   f u r t h e r  

c h a r a c t e r i s e d   i n   t h a t   t he   or  e a c h   s a i d   s e a l i n g / r e t a i n i n g  

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

6.  A  c o n n e c t i o n   a c c o r d i n g   to  any  p r e c e d i n g   c l a i m ,   f u r t h e r  

c h a r a c t e r i s e d   in   t h a t   t he   c o m p o n e n t s   a r e   f o r m e d   o f  

d i f f e r e n t   m a t e r i a l s .  



7.  A  c o n n e c t i o n   a c c o r d i n g   to  any  p r e c e d i n g   c l a i m ,  

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

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

s a i d   r e c e s s .  

8.  A  c o n n e c t i o n   a c c o r d i n g   to  c l a i m   7,  f u r t h e r  

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

h a v i n g   a  r e c e s s e d   s u r f a c e   f o r m e d   a t   one  end  t h e r e o f  

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

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

on  a s s e m b l y   of  t he   c o n n e c t i o n ,   the   c o n n e c t i o n   f u r t h e r  

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

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

t he   t u b e   end  to  a  c o n f i g u r a t i o n   m a t c h i n g   the   o u t e r  

c o m p o n e n t   r e c e s s e d   s u r f a c e .  

9.  A  f l u i d - p o w e r e d   f r e e - p i s t o n   d o w n - t h e - h o l e   h a m m e r  

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

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

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

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

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

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

10.  A  hammer   d r i l l   a c c o r d i n g   to  c l a i m   9,  f u r t h e r  

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

a  c o n n e c t i o n   in   a c c o r d a n c e   w i t h   a n y  o n e   of   c l a i m s   2  to  9 .  
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