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©  Percussor. 

A  percussor  comprises  an  oscillating  assembly  having  a 
reciprocating  plunger  (14),  a  first  (18)  and  a  second  (24) 
chamber  and  a  gas  tight  seal  (34)  therebetween  when  the 
plunger  (14)  is  at  rest  in  a  biased  position,  and  gas  inlet  means 
(56,58,54) for  directing  gas  into the first chamber (18)  to  begin 
to  force  the  plunger  (14)  downwardly  against  the  biasing 
force,  thereby  unseating  the  gas  seal  (34)  between  the  cham- 
bers  (18,24).  The  gas  pressurizes  the  second  chamber  (24)  to 
force  the  plunger  (14)  to  a  second  position  and  the  pressure  is 
then  relieved  through  a  gas  exit  passageway  (50,47).  In 
response  to  the  pressure  drop,  the  plunger  (14)  is  returned  to 
its  original  position.  This  plunger  (14)  reciprocation  is  repe- 
ated  rapidly  to  achieve  the  percussor  action.  In  a  preferred 
embodiment,  a  fluid  containing  chamber  (21)  having 
exteriorly  exposed  fluid  impermeable  membrane  (20) 
engages the  reciprocating  plunger  (14)  whereby the  energy  is 
directed  through  the  liquid  (22)  and  membrane  (20). 



This  invent ion   r e l a t e s   to  a  p e r c u s s o r   for  phys ica l   and  r e s p i r a t o r y  

t h e r a p y .  

The  u s e   of   a  p e r c u s s o r   as  an  e f f e c t i v e   d e v i c e  

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

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

a  r u b b e r   cup  or   s i m i l a r   r e s i l i e n t   d e v i c e   a t   one  e n d  

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

b o d y   to   be  t r e a t e d .   S u c h   a  d e v i c e   i s   o f t e n   u s e d   as  a n  

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

w h i c h   a  t h e r a p i s t   u s e s   h i s   or   h e r   h a n d s   a g a i n s t   t h e  

p a t i e n t ' s   b o d y   in   a  c l a p p i n g   m a n n e r .   P e r c u s s i v e   d e v i -  

ce s   a r e   s h o w n ,   f o r   e x a m p l e ,  · i n   U . S .   p a t e n t s   1 , 5 1 6 , 7 1 7  

and  1 , 7 9 6 , 4 4 4 .   In  r e s p i r a t o r y   t h e r a p y ,   t h e   p e r c u s s o r  

i s   h e l d   a g a i n s t   t h e   p a t i e n t ' s   c h e s t   to  m o b i l i z e   f l u i d s  

w h i c h   h a v e   a c c u m u l a t e d   i n   t h e   l u n g s .   Such   a  d e v i c e   i s  

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

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

a s s i s t   t h e   p a t i e n t   in   c o u g h i n g   up  and  e x p e c t o r a t i n g  

f l u i d s   and   m u c u s .  

A  p e r c u s s o r   f o r   t h e   t r e a t m e n t   of   c y s t i c  

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

b e i n g   d i s c l o s e d   in   U .S .   p a t e n t   3 , 9 5 5 , 5 6 3 .   A  s t a t e d  

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

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

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

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

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



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

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

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

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

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

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

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

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

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

more   c o n s i s t a n t   and   r e g u l a r   c l a p p i n g   r h y t h m ,   and  o b v i -  

a t i n g   t h e r a p i s t   f a t i g u e .   I t   i s   a l s o   an  o b j e c t   to  p r o -  

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

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

The  p e r c u s s o r   of   t h e   p r e s e n t   i n v e n t i o n   c o m p r i s e s   a n  

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

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

m o v i n g   t h e   a s s e m b l y .   When  t h e   p l a t e   i s   in   a  b i a s e d  

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

two  c h a m b e r s .   By  i n t r o d u c i n g   gas   i n t o   a  f i r s t   one   o f  

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

t h e   b i a s   u n t i l   t h e   gas   t i g h t   s e a l   i s   b r o k e n ,   w h e r e b y  

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

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

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

The  gas  p r e s s u r e   i n   t h e   s e c o n d   c h a m b e r   is   t h e n   r e l i e v e d  

w h e r e u p o n   t h e   p l a t e   i s   r e t u r n e d   to  i t s   o r i g i n a l   or   r e s t  



p o s i t i o n   by  t h e   b i a s i n g   m e a n s .   T h i s   s e q u e n c e   i s   r e p e a t -  

ed  r a p i d l y   to   a c h i e v e   t h e   p e r c u s s i o n   e f f e c t .   In  a  

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

m i t t e d   t h r o u g h   a  gas   or   l i q u i d   c o n t a i n i n g   c h a m b e r   a n d  

an  e x t e r i o r l y   e x p o s e d   f l e x i b l e   m e m b r a n e .   More  d e t a i l e d  

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

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

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

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

F i g .   1  i s   a  p e r s p e c t i v e   v i e w   of   a  p e r c u s s o r  

of   t h e   i n v e n t i o n ;  

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

p e r c u s s o r   t a k e n   a l o n g   l i n e s   2-2   of   F i g .   3;  a n d  

F i g .   3  i s   a  s e c t i o n a l   v i e w   t a k e n   a l o n g   l i n e s  

3-3  of   F i g .   2 ;  

F i g .   4  i s   a  s i d e   s e c t i o n a l   v i e w   of  a n o t h e r  

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

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

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

i n v e n t i o n .  

DETAILED  DESCRIPTION  OF  THE  INVENTION 

In  F i g s .   1 -3   t h e r e   i s   shown  g e n e r a l l y   t h e  

p e r c u s s o r   10  c o m p r i s i n g   a  body   member   12  h a v i n g   e x t e n d -  

i n g   t h e r e f r o m   a  gas   i n l e t   p i p e   66  and  gas  o u t l e t   p o r t  

48.   A  g a s - o n   b u t t o n   or   v a l v e   68,  w h i c h   may  be  a c t u a t e d  

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

member   f o r   e a s y   a c c e s s .   On  t h e   b o t t o m   of   t he   d e v i c e ,  



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

m e m b r a n e   20  w h i c h   d e f i n e s   or   e n c l o s e s   a  f l u i d   c o n t a i n -  

i n g   c h a m b e r .   A c c o r d i n g   to   t h a t   e m b o d i m e n t ,   t h e   e n e r g y  

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

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

h e l d   a g a i n s t   t h e   p a t i e n t ' s   b o d y   as  t h e   d e v i c e   i s   u s e d  

and  o p e r a t e d .  

An  i m p o r t a n t   a s p e c t   o f   t h e   p e r c u s s o r   of  t h e  

i n v e n t i o n   i s   t h e   m a n n e r   in   w h i c h   t h e   d e v i c e   a c h i e v e s  

t h e   r a p i d   p e r c u s s i v e   e f f e c t .   In  t h e   p r e s e n t   d e v i c e ,   a n  

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

and  d o w n w a r d l y   in   an  a l t e r n a t i v e   m a n n e r ,   as  a  s e c o n d  

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

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

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

v o l u m e .   Gas  i s   d i r e c t e d   i n t o   a  f i r s t   c h a m b e r   a t   s u f f i -  

c i e n t   p r e s s u r e   to   o v e r c o m e   a  gas   t i g h t   s e a l   b e t w e e n   i t  

and  t h e   s e c o n d   c h a m b e r .   Once   t h e   s e a l   i s   b r o k e n   o r  

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

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

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

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

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

T h i s   s e q u e n c e   i s   r e p e a t e d   c o n t i n u o u s l y   and  r a p i d l y   t o  

a c h i e v e   t h e   p e r c u s s i v e   e f f e c t .  

In  t h e   d e v i c e   o f   t h e   i n v e n t i o n ,   t h e   s e c o n d  

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



p o r t   or   p a s s a g e w a y .   H o w e v e r ,   o n c e   t h e   gas   s e a l   b e t w e e n  

t h e   c h a m b e r s   i s   o p e n e d ,   t h e   gas   i s   d i r e c t e d   i n t o   t h e  

s e c o n d   c h a m b e r   f rom  t h e   f i r s t   c h a m b e r   and   t h e n   e v a c u a t e d  

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

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

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

a s s e m b l y .   O p e r a t i o n   o f   t h e   a p p a r a t u s   o f   t h e   i n v e n t i o n  

w i l l   be  e x p l a i n e d   in   g r e a t e r   d e t a i l   by  r e f e r r i n g   to  t h e  

d r a w i n g s .  

As  shown  i n   F i g s .   2  and   3,  w i t h i n   b o d y   m e m b e r  

12  a r e   p a s s a g e w a y s   56 ,   58  and   54  f o r   i n t r o d u c i n g   g a s  

i n t o   t h e   c h a m b e r s ,   a n d   gas   o u t l e t   p a s s a g e w a y s   50,  4 7  

and   60.  The  gas   i n l e t   p a s s a g e w a y s   a r e   in   s u c c e s s i v e  

c o m m u n i c a t i o n   f o r   d i r e c t i n g   t h e   gas   i n t o   t h e   d e v i c e  

f r o m   gas   c o n n e c t o r   65  w h i c h   i s   s e c u r e d   to   a  s u i t a b l e  

gas   s u p p l y   s o u r c e .   S i m i l a r l y ,   t h e   gas   o u t l e t   p a s s a g e -  

ways   a r e   s u c c e s s i v e l y   in   c o m m u n i c a t i o n ,   and   t h e   d i r e c -  

t i o n   of   gas   t h e r e t h r o u g h   w i l l   be  e x p l a i n e d   h e r e i n a f t e r .  

W h e r e   t h e   b o d y   member   i s   of   s o l i d   c o n s t r u c t i o n ,   t h e s e  

p a s s a g e w a y s   may  be  d r i l l e d   or   o t h e r w i s e   f o r m e d   i n t o   t h e  

d e v i c e   in   any  s u i t a b l e   m a n n e r .   The  b o d y   member   a l s o  

may  be  m o l d e d ,   and  p a r t i a l l y   h o l l o w ,   d e p e n d i n g   on  t h e  

mass   or  o t h e r   s t r u c t u r a l   c h a r a c t e r i s t i c s   d e s i r e d .   So  

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

p r i m a r i l y   d i r e c t e d   u p w a r d l y   t h r o u g h   t h e   p e r c u s s o r   body   t o  

t h e   h a n d   and  arm  of  t h e   p e r s o n   a d m i n i s t e r i n g   t h e   p e r -  

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



t i a l ,   s u c h   as  w o u l d   be  a c h i e v e d   u t i l i z i n g   a  more   s o l i d  

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

of   a l u m i n u m   or   m a t e r i a l   h a v i n g   s i m i l a r   d e n s i t y   and  m a s s  

c h a r a c t e r i s t i c s .   The  e x t e r i o r   b o d y   s h a p e   i s   n o t   c r i t i -  

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

p e r s o n ' s   h a n d .  

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

14  and  r e c i p r o c a t i n g   p l a t e   16  b e t w e e n   w h i c h   i s   s e c u r e d  

a  d i a p h r a g m   26.  The  p l a t e   and  p l u n g e r   a r e   h e l d   t o g e t h e r  

s e c u r e l y   by  a  p l u r a l i t y   of   s c r e w s   11,  a l t h o u g h   a n y  

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

26  i s   f l e x i b l e   and   p r o v i d e s   gas   and  l i q u i d   s e a l i n g  

b e t w e e n   c h a m b e r s   on  b o t h   s i d e s   of   t h e   d i a p h r a g m .  

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

t h e   p l u n g e r   a n d   p l a t e   can   move  r e c i p r o c a l l y   and  i n d e -  

p e n d e n t l y   o f   b o d y   m e m b e r   1 2 .  

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

b e t w e e n   t h e   p l u n g e r   and   r e c i p r o c a t i n g   p l a t e .   H o w e v e r ,  

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

may  be  u s e d .   F o r   e x a m p l e ,   t h e   d i a p h r a g m   c o u l d   b e  

v u l c a n i z e d   to   t h e   p l u n g e r   or   p l a t e .   The  p l u n g e r   a n d  

p l a t e   may  t h e n   be  a b u t t i n g ,   or   e v e n   f o r m e d   in   a  s i n g l e  

p i e c e .   The  o u t s i d e   e d g e   or   p e r i p h e r y   of   t h e   d i a p h r a g m ,  

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

o u t s i d e   s h a p e   o f   t h e   b o d y   member   i s   s e c u r e d   to  t h e   b o d y  

m e m b e r   by  a  d i a p h r a g m   r e t e n t i o n   p l a t e   32.  T h u s ,   t h e  

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



t h e   b o d y   m e m b e r ,   and  b o l t   44  e x t e n d i n g   t h r o u g h   b o l t  

s h a f t   52  t h r e a d e d l y   e n g a g e s   t h e   d i a p h r a g m   r e t e n t i o n  

p l a t e .   The  u p p e r   end   of   t h e   b o l t   s h a f t s   a r e   e n l a r g e d  

to  a c c o m m o d a t e   t h e   b o l t   h e a d   and  f o r m   a  s h o u l d e r   f o r  

s t a t i o n i n g   t h e   b o l t   so  t h a t   i t   can   be  t i g h t e n e d   t o  

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

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

by  s p r i n g   40  w h i c h   may  be  r e c e i v e d   in  gas   o u t l e t   p a s -  

s a g e w a y   50.   The  l o w e r   end   of   t h e   s p r i n g   i s   f o r c e d  

a g a i n s t   s h o u l d e r   45  w h i l e   t h e   u p p e r   end  i s   b i a s e d  

a g a i n s t   s p r i n g   r e t a i n i n g   n u t   38  w h i c h   t h r e a d e d l y  

e n g a g e s   p o s t   36.  The  l o w e r   end   of   t h e   p o s t   t h r e a d e d l y  

e n g a g e s   r e c i p r o c a t i n g   p l a t e   16,  so  t h a t   t h e   s p r i n g ,  

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

36,  u r g e s   s p r i n g   r e t a i n i n g   n u t   38,  p o s t   36  and   t h e  

p l a t e   and  p l u n g e r   u p w a r d l y .  

Gas  a c c u m u l a t i o n   c h a m b e r   18  i s   c o n v e n i e n t l y  

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

t h e   t h i r d   gas   i n l e t   p a s s a g e w a y   54.  S e c o n d   gas   c h a m b e r  

24  i s   d e f i n e d   b e t w e e n   a  l o w e r   body   s u r f a c e   30  and  u p p e r  

or  top   s u r f a c e   28  of   p l a t e   16.  An  0 - r i n g   34  or  s i m i l a r  

s e a l   f o r m s   a  gas   t i g h t   s e a l   b e t w e e n   c h a m b e r s   18  and  2 4  

when  t h e   p l a t e   and   p l u n g e r   a r e   in   t h e i r   r e s t   p o s i t i o n  

w h e r e b y   c h a m b e r   24  i s   f u l l y   c o n t r a c t e d .   I t   i s   o n l y  

when  t h e   gas   p r e s s u r e   i n   gas   a c c u m u l a t i o n   c h a m b e r   1 8  

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

f o r m e d   by  0 - r i n g   u r g e d   a g a i n s t   b o t t o m   s u r f a c e   30  of  t h e  



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

c h a m b e r   18  e x p a n d s   r a p i d l y   i n t o   c h a m b e r   24.  The  e x p o -  

s u r e   of   a  s u b s t a n t i a l   s u r f a c e   a r e a   28  of   p l a t e   16  t o  

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

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

w a r d l y ,   as  t h e   p r e s s u r e   o v e r c o m e s   t h e   b i a s   f o r c e .  

In  a  p r e f e r r e d   e m b o d i m e n t ,   a  f l u i d   f i l l e d  

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

e n e r g y   f r o m   t h e   r e c i p r o c a t i n g   p l u n g e r   14  to  a  u s e r   o r  

p a t i e n t .   In  t h e   d e v i c e   s h o w n ,   a  c h a m b e r   21  i s   f i l l e d  

w i t h   f l u i d   22  w h i c h   i s   h e l d   i n   t h e   c h a m b e r   by  a  f l e x i -  

b l e   and   f l u i d   i m p e r m e a b l e   m e m b r a n e   20.   The  m e m b r a n e   i s  

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

and   t h e   d i a p h r a g m   r e t e n t i o n   p l a t e   32.  The  e d g e   of   t h e  

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

o f   d i a p h r a g m   26,  i s   s a n d w i c h e d   b e t w e e n   t h e   d i a p h r a g m  

a n d   d i a p h r a g m   r e t e n t i o n   p l a t e ,   t h e   l a t t e r   t i g h t e n e d   f o r  

s e a l i n g   e n g a g e m e n t   by  b o l t s   44 .   F l u i d   22  in   c h a m b e r   2 1  

i s   e x p o s e d   to   p l u n g e r   14  so  t h a t   t h e   r e c i p r o c a t i n g  

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

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

i s   p l a c e d   a g a i n s t   t h e   p a t i e n t ' s   b o d y   to   a c h i e v e   t h e  

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

A l t e r n a t i v e   to   t h e   f l u i d   e x p o s u r e   to   t h e   p l u n g e r ,   t h e  

l i q u i d   c h a m b e r   may  be  e n c l o s e d   e n t i r e l y   in   a  s a c k  

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

m e m b r a n e ,   w h i c h   i s   s e c u r e d   to   t h e   d e v i c e ,  a g a i n s t  



p l u n g e r   14.  O t h e r   s i m i l a r   e m b o d i m e n t s   may  be  u s e d .  

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

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

w i l l   n o t   c a u s e   i n j u r y ,   b u r n s ,   i r r i t a t i o n s ,   e t c .   i f  

c o n t a c t i n g   any  p a r t   of   t h e   p a t i e n t .   A l t h o u g h   w a t e r   i s  

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

o t h e r   c o n t a m i n a t i o n ,   s y n t h e t i c   m a t e r i a l s   s u c h   as  s i l i -  

c o n e   f l u i d s ,   s i l i c o n e s   or   o t h e r   n o n - t o x i c   l i q u i d s   m a y  

be  u s e d .   C h a m b e r   21  may  a l t e r n a t i v e l y   be  f i l l e d   w i t h  

g a s ,   in   w h i c h   c a s e   t h e   m e m b r a n e   and   c h a m b e r   m u s t   b e  

s e a l e d   to   r e t a i n   a d e q u a t e   gas   p r e s s u r e   t h e r e i n   t o  

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

s u r f a c e   f o r   p e r c u s s o r   t h e r a p y .  

To  i n t r o d u c e   gas   i n t o   t h e   d e v i c e   f o r   o p e r a -  

t i o n ,   a  o f f - o n   v a l v e ,   p r e f e r a b l y   one  w h i c h   may  b e  

e a s i l y   h e l d   in   an  " o n "   p o s i t i o n   by  t h e   u s e r   when  t h e  

d e v i c e   i s   h e l d   in   t h e   h a n d ,   i s   c o n v e n i e n t l y   l o c a t e d   o n  

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

e x t e n s i o n   68  i s   b i a s e d   in   t h e   c l o s e d   p o s i t i o n   shown  i n  

F i g .   3.  W i t h   a  p r e s s u r i z e d   gas   s u p p l y   s o u r c e   c o n n e c t e d  

a t   gas   c o n n e c t o r   65,  b i a s i n g   s p r i n g   62,  l o c a t e d   i n  

f i r s t   gas   i n l e t   p a s s a g e w a y   56,   i s   f o r c e d   a g a i n s t   t h e  

end   of  t h e   v a l v e   in   t h e   f o r m   of   s c r e w   h e a d   59,  o r  

s i m i l a r   p l a t e   s u r f a c e ,   w h i c h   f o r c e s   g a s k e t   64  a g a i n s t  

v a l v e   s e a t   69,  t h e r e b y   f o r m i n g   a  g a s - t i g h t   s e a l   to  n o r -  

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



d e v i c e .   A l t e r n a t i v e l y ,   an  e x t e r n a l ,   m a n u a l l y   o p e r a t e d  

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

p l y   an  o n - o f f   v a l v e ,   may  be  u s e d .  

When  i t   i s   d e s i r e d   to  i n i t i a t e   p e r c u s s o r  

o p e r a t i o n ,   an  o p e r a t o r   s i m p l y   p r e s s e s   a g a i n s t   v a l v e  

e x t e n s i o n   68 ,   t h e r e b y   f o r c i n g   t h e   v a l v e   b o d y   or   s p o o l  

a g a i n s t   t h e   b i a s   o f   s p r i n g   62,  u n s e a t i n g   g a s k e t   64  s o  

t h a t   t h e   p r e s s u r i z e d   gas   can   e n t e r   gas   i n l e t   l i n e   6 6  

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

gas   i n l e t   p a s s a g e w a y s   56,  58  and  54,   r e s p e c t i v e l y .  

S i n c e   t h i r d   g a s   i n l e t   p a s s a g e w a y   54  c o m m u n i c a t e s  

d i r e c t l y   w i t h   g a s   a c c u m u l a t i o n   c h a m b e r   18,   p r e s s u r i z e d  

gas   e n t e r s   t h a t   c h a m b e r .   W i t h   t h e   v a l v e   h e l d   in   t h e  

o p e n   p o s i t i o n ,   t h e  g a s   c o n t i n u e s   to  p r e s s u r i z e   g a s  

a c c u m u l a t i o n   c h a m b e r   18  u n t i l   s u f f i c i e n t   p r e s s u r e   h a s  

b u i l t   up  t o   move   p l u n g e r   14  and  o s c i l l a t i n g   p l a t e   1 6  

d o w n w a r d l y   a g a i n s t   t h e   f o r c e   of  t h e   b i a s   s p r i n g   40.   I t  

w i l l   be  u n d e r s t o o d   t h a t   c h a m b e r   18  i s   gas   s e a l e d   w i t h  

gas   i m p e r m e a b l e   d i a p h r a g m   26  on  one  s i d e   and   gas   s e a l -  

i n g   0 - r i n g   34  on  t h e   o t h e r ,   t h e   c h a m b e r   b e i n g   o t h e r w i s e  

d e f i n e d   b e t w e e n   t h e   s i d e   o f   p l a t e   16  and   t h e   i n t e r i o r  

s u r f a c e   o f   b o d y   m e m b e r   12,  as  s h o w n .   W i t h   t h e   g a s  

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

w a r d l y ,   g a s   s e a l i n g   0 - r i n g   34,  w h i c h   i s   s e c u r e d   on  t h e  

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

b o d y   s u r f a c e   30  t h e r e b y   a l l o w i n g   t h e   gas   to   e x p a n d   i n t o  

s e c o n d   c h a m b e r   24.   W i t h   t h i s   r a p i d   p r e s s u r i z a t i o n   o f  



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

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

s u r f a c e   28  e x p o s e d   to   t h e   p r e s s u r i z e d   c h a m b e r .   I n  

d e s i g n i n g   t h e   d e v i c e ,   max imum  e x p o s u r e   of   t h e   r e c i p r o -  

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

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

v o l u m e ,   may  be  d e s i r e d ,   to   r e d u c e   o p e r a t i n g   gas   r e q u i r e -  

m e n t s .   The  e x t e n t   o f   d o w n w a r d   t r a v e l   o f   t h e   p l a t e   a n d  

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

40,   t h e   gas   p r e s s u r e   in   c h a m b e r   24 ,   and   t h e   l i m i t a t i o n  

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

e x a m p l e ,   s h o u l d e r   63  may  a c t   as  a  s t o p   f o r   t r a v e l   o f  

s p r i n g   r e t a i n i n g   n u t   38  or   o t h e r   p o r t i o n   of   t h e   d o w n -  

w a r d l y   t r a v e l l i n g   n u t ,   p o s t   36  o r   t h e   l i k e .  

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

c h a m b e r   24  and   r e s u l t i n g   m o v e m e n t   of   t h e   o s c i l l a t i n g  

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

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

a t m o s p h e r e   t h r o u g h   a  r e s t r i c t e d   p a s s a g e w a y   s y s t e m .   As  

t h e   p r e s s u r e   i s   r e d u c e d ,   t h e   b i a s   of   s p r i n g   40  r e v e r s e s  

t h e   t r a v e l   of   t h e   p l u n g e r   and  p l a t e   and   t h e y   a r e  

r e t u r n e d   to   t h e i r   o r i g i n a l   or   r e s t   p o s i t i o n .   The  g a s  

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

f i r s t ,   s e c o n d   and  t h i r d   gas   o u t l e t   p a s s a g e w a y s   50,  47  

and   60.  The  e x h a u s t e d   gas   i s   s i m p l y   dumped   to   a t m o s -  

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

m e a n s   s u c h   as  a  foam  member   48 ,   or   t h e   l i k e .   A l t h o u g h  



t h e   gas   o u t l e t   p a s s a g e w a y s   a r e   r e s t r i c t e d ,   t h e   r a t e   a t  

w h i c h   t h e   gas   i s   e v a c u a t e d   f rom  c h a m b e r   24  i s   g r e a t e r  

t h a n   t h e   r a t e   of   g a s   a c c u m u l a t i o n   in   f i r s t   c h a m b e r   1 8 .  

T h u s ,   t h e   o u t l e t   p a s s a g e w a y s   a r e   open   s u f f i c i e n t l y   t o  

p r o v i d e   f o r   gas   p r e s s u r e   r e l e a s e   f rom  c h a m b e r   24  m o r e  

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

s p r i n g   to   r e t u r n   p l u n g e r   and  p l a t e   to  t h e   r e s t   p o s i t i o n .  

A l t h o u g h   t h e   gas   o u t l e t   p a s s a g e w a y   s y s t e m   shown  u t i l i z e s  

a  c a v i t y   in   w h i c h   s p r i n g   40  and  p o s t   36  a r e   l o c a t e d ,  

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

c o m m u n i c a t e   w i t h   c h a m b e r   2 4 .  

The  f r e q u e n c y   o f   p l u n g e r   r e c i p r o c a t i o n   may  b e  

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

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

c h a m b e r   r a t e   o f   s e c o n d   c h a m b e r   e v a c u a t i o n .   In  t h e  

e m b o d i m e n t   s h o w n ,   a  n e e d l e   v a l v e   70  i s   p r o v i d e d   b e t w e e n  

gas  i n l e t   p a s s a g e w a y s   58  and   54,  w h i c h   n e e d l e   v a l v e  

t h r e a d e d l y   e n g a g e s   c a v i t y   72,   and  i s   p r o v i d e d   w i t h   g a s  

s e a l i n g   0 - r i n g   61.   A c c o r d i n g l y ,   t h e   s i z e   of   t h e   p a s s a g e -  

way  may  be  e n l a r g e d   o r   r e s t r i c t e d   by  a d j u s t i n g   t h e  

d e p t h   of   t h e   n e e d l e   v a l v e   in   t h e   c a v i t y .   A l t h o u g h  

c a v i t y   72  i s   shown   as  b r i d g i n g   b e t w e e n   gas   i n l e t   p a s -  

s a g e w a y s   58  and   54,   and   in   w h i c h   t h e   gas   r e s t r i c t i n g  

n e e d l e   v a l v e   70  i s   l o c a t e d ,   o t h e r   means   f o r   r e g u l a t i n g  

or   v a r y i n g   t h e   gas   i n l e t   f l o w   may  be  u s e d .   By  s o  

r e g u l a t i n g   t h e   i n c o m i n g   gas   f l o w   t h e   r a t e   a t   w h i c h  

c h a m b e r   18  w i l l   be  p r e s s u r i z e d   to   b e g i n   to   move  t h e  



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

r a t e   f o r   e x h a u s t i n g   t h e   gas   f r o m   c h a m b e r   24,  gas  i n l e t  

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

r a p i d l y .   H o w e v e r ,   s u c h   a  v a l v e   or   o t h e r   v a r i a b l e   i n l e t  

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

The  f r e q u e n c y   of   p l u n g e r   r e c i p r o c a t i o n   m a y  

a l s o   be  v a r i e d   by  c h a n g i n g   t h e   gas   e v a c u a t i o n   or  - 

o u t l e t   r a t e .   A c c o r d i n g l y ,   in   a  p r e f e r r e d   e m b o d i m e n t ,  

n e e d l e   v a l v e   46  i s   t h r e a d e d l y   e n g a g e d   in   c a v i t y   5 1  

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

47  and  60.  N e e d l e   v a l v e   46  i s   a l s o   s u p p l i e d   w i t h   a  g a s  

s e a l i n g   0 - r i n g   43,   and  by  c h a n g i n g   t h e   d e p t h   of  t h e  

n e e d l e   v a l v e   in   t h e   c a v i t y ,   t h e   gas   o u t l e t   p a s s a g e w a y  

s y s t e m   may  be  v a r i e d ,   to   s e l e c t   t h e   r a t e   a t   w h i c h   g a s  

i s   e x h a u s t e d   or   e v a c u a t e d   f r o m   c h a m b e r   24.  O t h e r   e q u i -  

v a l e n t   m e a n s   f o r   s e l e c t i n g   gas   e x h a u s t   r a t e s   may  be  u s e d .  

The  v a l v e   46  or   o t h e r   f l o w   r e s t r i c t i o n s   may  a l s o   be  p r o -  

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

a d j u s t m e n t   f e a t u r e s .  

A l t h o u g h   e x c e s s   gas   e s c a p e s   f r o m   o t h e r   t h a n  

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

a v o i d e d ,   some  s l i g h t   l e a k a g e   may  n o t   be  c r i t i c a l .   F o r  

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

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

b l y ,   a  b u s h i n g   42  i s   s l i g h t l y   s e p a r a t e d   f r o m   t h e   s p r i n g  

r e t e n t i o n   n u t   38.  The  b u s h i n g   n o t   o n l y   s e r v e s   t o  

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



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

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

i n g   gas   l e a k a g e   b e t w e e n   t h o s e   two  c o m p o n e n t s .   H o w e v e r ,  

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

t i n g   p o s t   or   v i b r a t o r   a s s e m b l y   may  be  u s e d ,   so  l o n g   a s  

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

p l u n g e r   r e c i p r o c a t i o n .  

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

u t i l i z i n g   a  l i q u i d   or   gas   c o n t a i n i n g   c h a m b e r   and   f l e x -  

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

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

may  be  u s e d ,   i n c l u d i n g   p a d s   or   c u p s ,   or   o t h e r   d e v i c e s  

s e c u r e d   to   or   c o o p e r a t i n g   w i t h   p l u n g e r   14.  In  a d d i t i o n ,  

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

c h a m b e r   18  to   e x p a n d a b l e   c h a m b e r   24,  may  be  u s e d ,   s u c h  

as  s p r i n g   l o a d e d ,   o r   p r e s s u r e   r e s p o n s i v e   v a l v e   m e a n s  

and  t h e   l i k e .   F o r   e x a m p l e ,   one  or   more   s p r i n g   l o a d e d  

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

c h a m b e r   18  may  be  u s e d ,   t h e   v a l v e s   t h e n   o p e n i n g   t o  

r a p i d l y   d i r e c t   gas   i n t o   c h a m b e r   28.  One  o r   more   0 -  

r i n g s   or   o t h e r   gas   s e a l i n g   means   may  a l s o   be  s e c u r e d   t o  

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

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

b e t w e e n   t h e   o s c i l l a t i n g   a s s e m b l y ,   gas   a c c u m u l a t i o n   c h a m -  

b e r ,   and   e x t e r i o r l y   t h e r e o f ,   t h e   d e v i c e   f u n c t i o n i n g  

o t h e r w i s e   as  p r e v i o u s l y   d e s c r i b e d .  

In  F i g .   4  t h e r e   i s   i l l u s t r a t e d   a  s i d e   s e c -  



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

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

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

In  t h e   p e r c u s s o r   s h o w n ,   a  n u m b e r   of   c o m p o n e n t s   a r e   n o t  

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

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

F i g s .   2  and  3.  In  t h i s   e m b o d i m e n t ,   t h e   o s c i l l a t i n g  

a s s e m b l y   c o m p r i s e s   a  r e c i p r o c a t i n g   p l a t e   88  w h i c h   l i e s  

a g a i n s t   d i a p h r a g m   74.  The  o s c i l l a t i n g   a s s e m b l y   a l s o  

i n c l u d e s   p o s t   or   r o d   73,  s p r i n g   81,   and   a  s p r i n g   r e t a i n -  

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

t h a t   shown  in   F i g .   2.  The  l o w e r   end   of   r o d   73  t h r e a d -  

e d l y   e n g a g e s   r e c i p r o c a t i n g   p l a t e   88,   w i t h   s p r i n g   8 1  

a c t i n g   to   u r g e   r o d   73  and   p l a t e   88  u p w a r d l y ,   t h e r e b y  

a l s o   u r g i n g   d i a p h r a g m   74  a g a i n s t   a n n u l a r   c o l l a r   7 5 .  

The  two  c h a m b e r s ,   gas   a c c u m m u l a t i o n   c h a m b e r   86  a n d  

e x p a n d a b l e   c h a m b e r   82  a r e   s e p a r a t e d   f r o m   one  a n o t h e r   b y  

a n n u l a r   c o l l a r   75  and  d i a p h r a g m   74,  t h e   l a t t e r   b e i n g  

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

s e a l .   The  a p p l i c a t o r   m e a n s   o f   t h e   d e v i c e   is   s u b s t a n -  

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

f l e x i b l e   b u t   f l u i d   i m p e r m e a b l e   m e m b r a n e   90  h a v i n g  

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

p l a t e   8 8 .  

The  d e v i c e   f u n c t i o n s   as  a  p e r c u s s o r   as  p r e s -  

s u r i z e d   gas   i s   d i r e c t e d   i n t o   gas   a c c u m m u l a t i o n   c h a m b e r  

86  v i a   gas   i n l e t   p a s s a g e w a y   84,   w h i c h   may  a l s o   i n c l u d e  



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

c h a m b e r   86,   and   an  o n - o f f   v a l v e ,   w h i c h   c o m p o n e n t s   a r e  

n o t   s h o w n ,   and   may  be  s u b s t a n t i a l l y   l i k e   t h o s e   p r e -  

v i o u s l y   d e s c r i b e d   r e g a r d i n g   F i g s .   2  and   3.  As  t h e   g a s  

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

c h a m b e r   86,  i t   w i l l   f o r c e   d i a p h r a g m   74  and  p l a t e   8 8  

d o w n w a r d l y   a g a i n s t   t h e   b i a s   of  s p r i n g   81.  As  t h e   b i a s  

i s   o v e r c o m e ,   gas   w i l l   r u s h   p a s t   t h e   g a s - t i g h t   s e a l  

f o r m e d   by  d i a p h r a g m   7 4  a n d   c o l l a r   75  i n t o   t h e   s e c o n d  

e x p a n d a b l e   c h a m b e r   82,  and   e x e r t   a d d i t i o n a l   p r e s s u r e  

a l o n g   t h e . u p p e r   s u r f a c e   o f   d i a p h r a g m   74,  t h e r e b y   f u r -  

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

d o w n w a r d l y .  

W i t h   c h a m b e r   82  open   to   gas   o u t l e t   p a s s a g e w a y s  

94  and   92,  g a s   e x p a n d i n g   i n t o   c h a m b e r   82  i s   v e n t e d   o u t  

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

s u r e   in   c h a m b e r   82  to  a l l o w   s p r i n g   81  to  r e t u r n   t h e  

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

r e s t   p o s i t i o n ,   t h e   d i a p h r a g m   a g a i n   f o r m i n g   a  g a s - t i g h t  

s e a l   w i t h   c o l l a r   75.  T h i s   a l t e r n a t e   e x p a n s i o n   a n d  

c o n t r a c t i o n   of   c h a m b e r   82  as  t h e   g a s - t i g h t   s e a l   b e t w e e n  

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

c l o s e d ,   c a u s e s   r e c i p r o c a t i n g   p l a t e   88  to  o s c i l l a t e ,  

w h i c h   energy   is  t r a n s f e r r e d   t h r o u g h   t h e  f l u i d   to   mem-  

b r a n e   90,  t o   a c h i e v e   t h e   p e r c u s s i v e   e f f e c t   of  t h e  

a p p a r a t u s .   A  r e t a i n i n g   c l a m p   87  i s   shown  as  an  e x a m p l e  

o f   m e a n s   f o r   s e c u r i n g   t h e   m e m b r a n e   9 0  t o   t h e   u p p e r   b o d y  



or  h o u s i n g   o f   t h e   p e r c u s s o r .   The  gas   o u t l e t   p a s s a g e w a y  

92  may  a l s o   be  p r o v i d e d   w i t h   a  n e e d l e   v a l v e ,   or  o t h e r  

m e a n s   f o r   v a r y i n g   t h e   r a t e   a t   w h i c h   t h e   gas   i s   v e n t e d  

f r o m   c h a m b e r   82,   in   a  m a n n e r   p r e v i o u s l y   d e s c r i b e d  

r e g a r d i n g   F i g s .   2  and  3 .  

S t i l l   a n o t h e r   e m b o d i m e n t   of   t h e   i n v e n t i o n   i s  

shown  i n   F i g .   5,  in   w h i c h   t h e   o s c i l l a t i n g   a s s e m b l y  

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

b e t w e e n   t h e   f i r s t   and   s e c o n d   c h a m b e r s   86  and  82,   r e s p e c -  

t i v e l y   as  shown  in   F i g .   4.  A c c o r d i n g l y ,   r e c i p r o c a t i n g  

p l a t e   96  l i e s   a g a i n s t   d i a p h r a g m   74,  f o r m i n g   a  g a s - t i g h t  

s e a l   w i t h   c o l l a r   75,  w h i c h   s e p a r a t e s   t h e   two  c h a m b e r s .  

In  t h i s   e m b o d i m e n t ,   h o w e v e r ,   t h e   r o d   98  i s   s e c u r e d   t o  

p l a t e   96  by  t h r e a d e d   e n g a g e m e n t   and  e x t e n d s   d o w n w a r d l y ,  

o u t   of   t h e   p e r c u s s o r   b o d y .   At  t h e   o p p o s i t e   r o d   end   i s  

an  a p p l i c a t o r   97,  in   t h e   f o r m   of   a  p a d ,   cup ,   or  t h e  

l i k e .   S p r i n g   91  u r g e s   r e c i p r o c a t i n g   p l a t e   96  u p w a r d l y  

a g a i n s t   d i a p h r a g m   74,  and  t h e   d i a p h r a g m   a g a i n s t   t h e  

c o l l a r   75.  Gas  i n l e t   p o r t   84  d i r e c t s   p r e s s u r i z e d   g a s  

i n t o   gas   a c c u m m u l a t i o n   c h a m b e r   86,  and  a g a i n ,   a l t h o u g h  

n o t   s h o w n ,   t h e   gas   i n l e t   m e a n s   may  i n c l u d e   s u i t a b l e  

n e e d l e   v a l v e   and  o f f - o n   v a l v e   m e a n s .   When  t he   o p e r a t o r  

c o n n e c t s   and  d i r e c t s   p r e s s u r i z e d   gas  to  t h e   d e v i c e ,   t h e  

gas   e n t e r s   p a s s a g e w a y   84  and  p r e s s u r i z e r   c h a m b e r   8 6 ,  

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

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

s e a l   b e t w e e n   t h e   two  c h a m b e r s .   T h e r e a f t e r ,   t h e   g a s  



w i l l   p r e s s u r i z e   t h e   e x p a n d a b l e   c h a m b e r   82  and  f u r t h e r  

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

a g a i n s t   t h e   o p p o s i n g   f o r c e   of   b i a s   s p r i n g   91.   G a s  

o u t l e t   p a s s a g e w a y   94  i s   open   to   a t m o s p h e r e   v i a   g a s  

o u t l e t   p o r t   92 ,   so  t h a t   t h e   gas  p r e s s u r e   in   t h e   c h a m b e r  

82  i s   q u i c k l y   r e l i e v e d ,   t h e r e b y   a l l o w i n g   t h e   r e c i p r o -  

c a t i n g   p l a t e   and   d i a p h r a g m   to  be  f o r c e d ' u p w a r d l y   by  t h e  

s p r i n g   to   a g a i n   c l o s e   t h e   d i a p h r a g m - c o l l a r   s e a l .   T h i s  

a l t e r n a t i n g   e x p a n s i o n   and  c o n t r a c t i o n   o f   c h a m b e r   82  a n d  

c o n c o m i t a n t   r e c i p r o c a t i o n   of   p l a t e   96  i s   r e p e a t e d  

r a p i d l y   to   r e c i p r o c a t e   r o d   81  and   a p p l i c a t o r   97  t o  

a c h i e v e   t h e   p e r c u s s i v e   e f f e c t   of   t h e   d e v i c e .   In  t h e  

e m b o d i m e n t   s h o w n ,   o p e n i n g s   99  in   t h e   b o d y   of   t h e   d e v i c e  

a l l o w   f o r   t h e   o p e r a t o r   to   more   e a s i l y   h o l d   t h e   d e v i c e .  

M o r e o v e r ,   a  n e e d l e   v a l v e   may  be  i n c o r p o r a t e d   to   a l l o w   f o r  

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

82,   f o r   v a r y i n g   t h e   r a t e   of   p l a t e   r e c i p r o c a t i o n   i n  

c a v i t y   95  as  p r e v i o u s l y   d e s c r i b e d .  

A l t h o u g h   t h e   a p p a r a t u s   o f   t h e   i n v e n t i o n   i s  

shown  and   d e s c r i b e d   as  i n c o r p o r a t i n g   a  f l e x i b l e   d i a p h r a g m ,  

o t h e r   gas   s e a l i n g   m e a n s   i n c l u d i n g   0 - r i n g s   and  t h e   l i k e  

may  be  s u b s t i t u t e d   to  a c h i e v e   e q u i v a l e n t   f u n c t i o n i n g .  

F o r   e x a m p l e ,   an  0 - r i n g   or   t h e   l i k e   may  be  s e c u r e d   t o  

p l a t e   96  to   f o r m   a  g a s - t i g h t   s e a l   b e t w e e n   c h a m b e r   8 6  

and   c a v i t y   95,   as  t h e   p l a t e   r e c i p r o c a t e s ,   w i t h o u t   r e q u i r -  

i n g   a  d i a p h r a g m .   H o w e v e r ,   b e c a u s e  o f   w e a r   o f   t h e   0 -  

r i n g   o v e r   p e r i o d s   o f   u s e ,   t h e   e m b o d i m e n t   shown  may  be  p r e f e r r e d .  



1.  A  pe r cus so r   c o m p r i s i n g :  

a  r e c i p r o c a t i n g   m e m b e r   and  a p p l i c a t o r   c o o p e r a t i n g   the rewi th   for  d i r e c t i n g  

r e c i p r o c a t i n g   motion  from  the  m e m b e r   to  a  user ,   c h a r a c t e r i s e d   in  t h a t  

m o v e m e n t   of  the  r e c i p r o c a t i n g   m e m b e r   is  e f fec ted   by  means   of  first  a n d  

second   gas  c h a m b e r s   and  r e l e a s a b l e   gas  s ea l ing   means   t h e r e b e t w e e n ,   g a s  

supply  m e a n s   for  in t roducing  gas  into  the  first  c h a m b e r   at  a  p r e s s u r e  

su f f i c i en t   to  o v e r c o m e   the  r e l e a s a b l e   gas  s ea l i ng   m e a n s   whereby  the  g a s  

enters   the  s econd   c h a m b e r   and  c a u s e s   m o v e m e n t   of  the  r ec ip roca t ing   m e m b e r ,  

and  gas  out let   m e a n s   for  e x h a u s t i n g   gas  from  the  second  c h a m b e r ,   a n d  

b ias ing   m e a n s   for  urging  the  gas  s ea l ing   m e a n s   to  form  a  g a s - t i g h t   s e a l  

be tween   the  gas  c h a m b e r s .  

2.  A  pe r cus so r   as  c l a i m e d   in  c l a i m   1  including  a  f l e x i b l e  

d i a p h r a g m   exposed   to  the  first  gas  c h a m b e r   and  coope ra t ing   with  the  r e c i p r o c a t i n g  

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

3.  A  p e r c u s s o r   as  c l a i m e d   in  c l a i m   2  wherein  t h e  

d i a p h r a g m   c o m p r i s e s   the  gas  s ea l ing   m e a n s .  

4.  A  p e r c u s s o r   as  c l a i m e d   in  c l a i m   1  or  2  wherein   t h e  

a p p l i c a t o r   m e a n s   c o m p r i s e s   a  fluid  c o n t a i n i n g   c h a m b e r   and  a  f lex ib le   o u t e r  

cover  therefor   whereby  p e r c u s s i o n s   from  said  r ec ip roca t i ng   member   a r e  

d i rec ted   through  the  fluid  and  c o v e r .  

5.  A  p e r c u s s o r   as  c l a i m e d   in  c l a i m   1  or  4  wherein   the  g a s  

supply  m e a n s   inc ludes   a  gas  inlet  p a s s a g e w a y   and  a  gas  sea l ing   valve  t h e r e i n  

for  s e l e c t i v e l y   opening  and  c los ing   the  gas  inlet  p a s s a g e w a y .  



6.  A  pe r cus so r   as  c l a i m e d   in  c l a i m  5   where in   the  g a s  

supply   m e a n s   inc ludes   means   for  ad ju s t i ng   the  flow  of  gas  through  t h e  

gas  inlet  p a s s a g e w a y .  

7.  A  pe rcus so r   as  c l a i m e d   in  c l a i m   1  or  6  wherein   the  g a s  

out le t   m e a n s   inc ludes   a  gas  outlet  p a s s a g e w a y   c o m m u n i c a t i n g   with  t h e  

s econd   c h a m b e r ,   and  means   for  ad ju s t i ng   the  flow  rate  of  gas  through  the  g a s  

out le t   p a s s a g e w a y .  
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