
European  Patent  Office  ©  Publication  number:  0  0 8 9   1 3 1  

Office  europeen  des  brevets  A 2  

EUROPEAN  PATENT  APPLICATION 

©  Application  number:  83300990.5  ©lnt.CI.3:G  10  K  11 /00  
_  B  06  B  3 / 0 0  
©  Date  of  filing:  25.02.83 

©  Priority:  26.02.82  US  352910  ©  Applicant:  TECHNICARE  CORPORATION 
90  Inverness  Circle  East 
Englewood  Colorado  80112(US) 

©  Date  of  publication  of  application: 
21.09.83  Bulletin  83/38  ©  Inventor:  Gardineer,  Bayard  G. 

6,  Pine  Brae  Drive 
©  Designated  Contracting  States:  Skillman  New  Jersey(US) 

DE  PR  GB  NL 
©  Representative:  Jones,  Alan  John  et  al, 

CARPMAELS  8t  RANSFORD  43  Bloomsbury  Square 
London,  WC1  A  2RA(GB) 

5j)  Low  pressure  fluid-filled  ultrasound  transmission  chamber. 
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A n   adjustable  volume  fluid  reservoir  for  maintaining  a 
low  pressure  head  in  an  ultrasound  beam  transmitting 
fluid-filled  chamber  to  prevent  formation  of  air  bubbles 
therein. 



BACKGROUND  OF  THE  INVENTION 

U l t r a s o u n d   i m a g i n g   a p p a r a t u s   for   s c a n n i n g   e . g .   the   h u m a n  

body  are   known  in  the   a r t .   A  t y p i c a l   a p p a r a t u s   uses   a  

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

t h e i r   r e f l e c t i o n s   to  and  from  the  t r a n s d u c e r   and  the  b o d y  

b e i n g   s c a n n e d .   Any  a i r   b u b b l e s   p r e s e n t   in  the   f l u i d -  

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

beams  and  d i s t o r t   an  image  of  the  r e f l e c t e d   b e a m s .   When 

f i l l i n g   the   c h a m b e r   c a r e   mus t   be  t a k e n   to  a v o i d   l e a v i n g  

b u b b l e s   of  a i r .   Bu t ,   as  mos t   s e a l s   w i l l   l e a k ,   at  l e a s t   t o  

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

o v e r   t i m e ,   p e r m i t t i n g   the   f o r m a t i o n   of  a i r   b u b b l e s .   I t   i s  

b e l i e v e d   t h a t   f l u i d   l e a k a g e   r e d u c e s   the  p r e s s u r e   in  t h e  

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

fo rm  a i r   b u b b l e s .   F u r t h e r   r e d u c t i o n   of  the   p r e s s u r e  

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

need   to  m o n i t o r   fo r   a i r   b u b b l e s   f o r m a t i o n   and  to  r e f i l l  

the   c h a m b e r ;   b o t h   of  w h i c h   l i m i t   the   s can   t ime   of  t h e  

a p p a r a t u s .  

SUMMARY  OF  THE  INVENTION 

The  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   p r o v i d i n g   the   f l u i d - f i l l e d  

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

an  a d j u s t a b l e   e f f e c t i v e   vo lume   to  m a i n t a i n   a  low  p r e s s u r e  
head   in  the   c h a m b e r   and  p r e v e n t   a i r   b u b b l e   f o r m a t i o n  

t h e r e i n .   When  i t   is  u n d e s i r a b l e   to  d i r e c t l y   a d j u s t   t h e  

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

of  f l u i d   may  be  c o n n e c t e d   to  the  c h a m b e r ,   and  the   e f f e c -  

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

a d j u s t e d   by  c h a n g i n g   the   v o l u m e   of  the  a d d i t i o n a l   f l u i d  

r e s e r v o i r s .   The  a d d i t i o n a l   r e s e r v o i r s   may  be  t o t a l l y  

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

or  may  be  s e p a r a b l e   t h e r e f r o m   and  may  c o m p r i s e   an  a d d i t i o n  



to  an  e x i s t i n g   a p p a r a t u s .   The  r e s e r v o i r   may  i n c o r p o r a t e  

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

s y s t e m   e . g .   means  for   r e g u l a t i n g   f l u i d   p r e s s u r e   w i t h i n   t h e  

c h a m b e r   a c c o r d i n g   to  f l u c t u a t i o n s   in  a t m o s p h e r i c   p r e s s u r e .  
The  a d j u s t a b l e   vo lume   of  t he   r e s e r v o i r   a l l o w s   the  f l u i d   i n  

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

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

h o u s i n g   of  the   a p p a r a t u s ,   t he   r e s e r v o i r   may  c o m p r i s e   a  

b l a d d e r   or  r o l l i n g   d i a p h r a g m   which   is  p r e s s u r i z e d   p r e f e r -  

a b l y   to  4-5  p o u n d s   pe r   s q u a r e   i n c h .   P r e s s u r e   may  b e  

m a i n t a i n e d   on  the  d i a p h r a g m   by  means  of  a  p i s t o n   u r g e d  

a g a i n s t   t he   d i a p h r a g m   by  a  s p r i n g   m o u n t e d   on  the   h o u s i n g .  

The  vo lume  of  bo th   the  r e s e r v o i r   c o n t a i n e d   w i t h i n   t h e  

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

c h a m b e r   may  be  v a r i e d   by  o p e r a t o r   a d j u s t m e n t   means  w h i c h  

may  c o m p r i s e   a  t u r n   s c r e w   u r g i n g   a  p i s t o n   a g a i n s t   t h e  

r e s e r v o i r .   The  use  of  the   p r e s s u r i z e d   r e s e r v o i r   o f  

a d d i t i o n a l   f l u i d   s u b s t a n t i a l l y   i n c r e a s e s   the   t ime   p e r i o d  

d u r i n g   wh ich   the   s c a n n i n g   a p p a r a t u s   may  be  used   b e f o r e  

r e f i l l i n g   of  the   c h a m b e r   or  r e s e r v o i r .   The  c h a m b e r   i s  

i n i t i a l l y   f i l l e d   w i t h   f l u i d   and  may  be  r e p l e n i s h e d   by  

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

which   p e r m i t s   a c c u r a t e   p r e s s u r i z a t i o n   of  the  c h a m b e r .   I n  

a d d i t i o n ,   the   c h a m b e r   may  be  p r o v i d e d   w i th   a  r e s e a l a b l e  

f l u i d   t ap   to  a l l o w   b u b b l e s   in  the  c h a m b e r   to  be  e x p e l l e d  

t h e r e t h r o u g h .  

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

F i g u r e   1  is  a  p a r t i a l   c r o s s   s e c t i o n   of  a  p r e f e r r e d  

e m b o d i m e n t   of  the  p r e s e n t   i n v e n t i o n .  

F i g u r e   2  is  a  p a r t i a l   c r o s s   s e c t i o n   of  a n o t h e r   e m b o d i m e n t  

of  the  p r e s e n t   i n v e n t i o n .  



DESCRIPTION  OF  THE  INVENTION 

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

d e p i c t e d   in  F i g u r e   1  where   the   u l t r a s o u n d   a p p a r a t u s   i s  

shown  g e n e r a l l y   a t   10.   The  a p p a r a t u s   c o m p r i s e s   a  h o u s i n g  

12  c o n t a i n i n g   a  f l u i d - f i l l e d   c h a m b e r   14,  t r a n s d u c e r   16  a n d  

r e f l e c t i n g   means   18  a r e   m o u n t e d   w i t h i n   the   c h a m b e r .   T h e  

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

f l e c t i n g   means   to  t r a n s m i t   a n d / o r   r e c e i v e   u l t r a s o n i c   b e a m s  

t h r o u g h   the   f l u i d - f i l l e d   c h a m b e r .   In  the   e m b o d i m e n t  

shown,   t he   f l u i d - f i l l e d   c h a m b e r   is  c o n n e c t e d   as  by  p a s s a g e  
20  to  a  f l u i d   r e s e r v o i r   22  c o n t a i n i n g   a d d i t i o n a l   f l u i d .  

The  f l u i d   r e s e r v o i r   may  be  c o n s t r u c t e d   of  a  r o l l i n g   d i a -  

ph ragm  24  and  may  be  p r e s s u r i z e d   by  a  p i s t o n   26  u r g e d  

a g a i n s t   t he   d i a p h r a g m   by  a  s p r i n g   28  m o u n t e d   t o  t h e  

h o u s i n g .   A l t e r n a t i v e l y ,   the   r e s e r v o i r   may  c o m p r i s e   a  

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

a  c h a n g e   in  p r e s s u r e .   In  a d d i t i o n ,   o p e r a t o r   a d j u s t m e n t  

means   such   as  a  p r e l o a d e d   s c r e w   may  be  p r o v i d e d   to  u r g e  
the   p i s t o n   a g a i n s t   t he   d i a p h r a g m .   In  use  the   f l u i d   w i t h i n  

t he   r e s e r v o i r   22  r e p l e n i s h e s   the   f l u i d   in  the   main  c h a m b e r  

14  and  m a i n t a i n s   a  low  p r e s s u r e   head  t h e r e b y   p r e v e n t i n g  

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

c r e a t e d   by  l e a k a g e .   I n i t i a l   f i l l i n g   and  s u b s e q u e n t   r e f i l -  

l i n g   of  t he   c h a m b e r   is  a c c o m p l i s h e d   t h r o u g h   a  one  way  
v a l v e ,   such   as  t he   d u c k - b i l l e d   c h e c k   v a l v e   30.  An  o p e n i n g  
32  in  the   c h a m b e r   w i t h   a  s e a l   s c r ew  34  or  o t h e r   r e m o v a b l e  

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

c h a m b e r .   The  a p p a r a t u s   may  a l s o   be  p r o v i d e d   w i t h   an  o p e n -  
ing  36  to  the   p a s s a g e   20,  w i t h   a  r e m o v a b l e   e l a s t o m e r i c  

s e a l   38  to  a l l o w   p u r g i n g   of  a i r   d u r i n g   the   f i l l   p r o c e d u r e .  

F i g u r e   2  i l l u s t r a t e s   an  a l t e r n a t i v e   e m b o d i m e n t   of  t h e  

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

p r o v i d e d   in  a  s e c o n d   c h a m b e r   100  which   may  be  s e p a r a b l y  
c o n n e c t e d   to  the   f l u i d - f i l l e d   c h a m b e r   of  an  e x i s t i n g  



u l t r a s o u n d   a p p a r a t u s .   The  a p p a r a t u s   shown  g e n e r a l l y   a t  

101  c o m p r i s e s   a  h o u s i n g   102  and  a  f l u i d - f i l l e d   c h a m b e r  

1 0 4 .   As  i l l u s t r a t e d ,   the  c h a m b e r   has  a  t r a n s d u c e r   m e a n s  

106  and  r e f l e c t i n g   means   108  d i s p o s e d   t h e r e i n .   The  a p p a -  
r a t u s   a l s o   has  e x i s t i n g   f l u i d   r e s e r v o i r s ,   e . g .   b e l l o w s   110 

and  112  p r o v i d e d   to  a l l o w   a d j u s t m e n t   fo r   t he   f l u i d   p r e s -  
s u r e   a c c o r d i n g   to  a t m o s p h e r i c   p r e s s u r e .   When  the   b e l l o w s  

a r e   f i l l e d ,   b u t t o n s   111  and  113  are   v i s i b l e .   R e f i l l i n g   o f  

t h e   c h a m b e r   is  n e c e s s a r y   when  the   b u t t o n s   d i s a p p e a r   f r o m  

v i e w .  

A d d i t i o n a l   f l u i d   r e s e r v o i r   100  is  a d a p t e d   to  c o n n e c t   w i t h  

t h e   main  c h a m b e r   to  r e p l e n i s h   the  f l u i d   t h e r e i n   and  m a i n -  

t a i n   a  low  p r e s s u r e   head  in  the  c h a m b e r .   The  v o l u m e   o f  

t h e   r e s e r v o i r   may  be  a d j u s t e d   by  means  of  a  p i s t o n   122  

u r g e d   a g a i n s t   the   r e s e r v o i r .   P r e f e r a b l y ,   a d j u s t m e n t   o f  

t h e   p i s t o n   is  c o n t i n u e d   u n t i l   the   b u t t o n s   111  and  113  

r e a p p e a r .   N u m e r o u s   m e a n s ,   known  to  t h o s e   s k i l l e d   in  t h e  

a r t ,   may  be  used   to  move  the  p i s t o n   a g a i n s t   the   r e s e r v o i r ;  

and  the   s c r e w   cap  124  i l l u s t r a t e d   in  F i g u r e   2  is  one  s u c h  

m e a n s .  

The  f l u i d - f i l l e d   b e l l o w s   a re   c o n n e c t e d   to  the   main   c h a m b e r  

by  d u c t s   114  and  l 1 6 ,   and  t h i s   e m b o d i m e n t   of  t he   i n v e n t i o n  

f u r t h e r   e n c o m p a s s e s   u t i l i z i n g   the   f l u i d   in  b e l l o w s   110  a n d  

112  t o g e t h e r   w i t h   t he   a d d i t i o n a l   r e s e r v o i r   100  to  m a i n t a i n  

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

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

w i t h i n   the   b e l l o w s   d o e s   not   c o n t a i n   a i r   b u b b l e s   as  a  

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

s e a l s   may  be  p r o v i d e d   at  118  and  120  to  a l l o w   p u r g i n g   o f  

a i r   in  t he   b e l l o w s   d u r i n g   the  f i l l   p r o c e d u r e .   In  a d d i t i c n  

an  o p e n i n g   in  the   c h a m b e r ,   126,   p r o v i d e d   w i t h   s e a l   s c r e w  

128  or  o t h e r   r e m o v a b l e   e l a s t o m e r i c   s e a l ,   w i l l   a l l o w  

r e m o v a l   of  b u b b l e s   in  the  c h a m b e r .  



When  the   a d d i t i o n a l   f l u i d   in  the   r e s e r v o i r   has  been  e x -  

h a u s t e d ,   the  c h a m b e r   100  may  be  r e f i l l e d .   A f t e r   l o o s e n i n g  

s e a l   128 ,   sc rew  cap  124  may  be  l o o s e n e d   and  p i s t o n   122  

p u l l e d   out  of  c h a m b e r   100 ,   and  the   c h a m b e r   r e f i l l e d  

d i r e c t l y .   A l t e r n a t i v e l y ,   t he   p i s t o n   may  be  r e s e t   w i t h i n  

t he   c h a m b e r ,   the  s c r e w   cap  r e f a s t e n e d ,   and  the   c h a m b e r   1 0 4  

and  c h a m b e r   100  r e f i l l e d   t h r o u g h   o p e n i n g   126  or  a  d u c k -  

b i l l e d   v a l v e   such  as  shown  in  F i g u r e   1  a t   3 0 .  

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

and  is  not   to  be  t a k e n   as  l i m i t i n g ,   s t i l l   o t h e r   v a r i a t i o n s  

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

s p i r i t   and  s cope   of  t he   p r e s e n t   i n v e n t i o n .  



1.  In  an  u l t r a s o u n d   beam  t r a n s m i s s i o n   s y s t e m ,   a  f l u i d -  

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

c o m p r i s i n g :  

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

p o r t i o n   of  s a i d   t r a n s m i s s i o n   a p p a r a t u s ;  

an  a d j u s t a b l e   v o l u m e   f l u i d   r e s e r v o i r   c o n n e c t e d   to   s a i d  

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

h o u s i n g ;   a n d  

a  o n e - w a y   c h e c k   v a l v e   l o c a t e d   in  a  w a l l   of  s a i d  

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

2.  An  u l t r a s o u n d   a p p a r a t u s   as  s e t   f o r t h   in  C la im   1 ,  

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

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

3.  An  u l t r a s o u n d   a p p a r a t u s   as  s e t   f o r t h   in  C l a i m   1  or  2 

w h e r e i n   s a i d   p r e s s u r e   head  is  a b o u t   4  -   5  p s i .  

4.   An  u l t r a s o u n d   a p p a r a t u s   as  s e t   f o r t h   in  C la im   1 ,  

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

f l u i d - f i l l e d   r o l l i n g   d i a p h r a g m .  

5.   An  u l t r a s o u n d   a p p a r a t u s   as  s e t   f o r t h   in  C l a i m   4 

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

by  a  p i s t o n   in  c o n t a c t   w i th   an  o u t s i d e   s u r f a c e   of  s a i d  

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

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

6.   An  u l t r a s o u n d   a p p a r a t u s   as  s e t   f o r t h   in  C l a i m   4  or  5 

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

i n c r e a s e d   by  a  t u r n   s c r e w   knob  and  a  p i s t o n ,   w h e r e i n   s a i d  

t u r n   s c r e w   knob  a d v a n c e s   s a i d   p i s t o n   a g a i n s t   the   o u t s i d e  

s u r f a c e   of  the   d i a p h r a g m .  



or  3 
7.  An  u l t r a s o u n d   a p p a r a t u s   as  in  C la im   2/  f u r t h e r  

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

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

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

t h e   s e c o n d   c h a m b e r .  

8.  M e t h o d   of  p r e v e n t i n g   a i r   b u b b l e   f o r m a t i o n   in  a n  

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

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

c o m p r i s i n g   m a i n t a i n i n g   a  low  p r e s s u r e   head   in  t he   f l u i d -  

f i l l e d   c h a m b e r .  

9.  A  m e t h o d   as  in  C l a i m   8  w h e r e i n   s a i d   low  p r e s s u r e   h e a d  

i s   m a i n t a i n e d   by  a d j u s t i n g   t he   e f f e c t i v e   v o l u m e   of  t h e  

f l u i d - f i l l e d   c h a m b e r .  

10.   A  m e t h o d   as  in  C l a i m   8  w h e r e i n   t he   low  p r e s s u r e   h e a d  

is   m a i n t a i n e d   by  a d j u s t i n g   t h e   vo lume   of  a  r e s e r v o i r   o f  

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

11.   A  m e t h o d   as  in  C l a i m   9  f u r t h e r   c o m p r i s i n g   c o u p l i n g  

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

r e s e r v o i r .  

1 2 .  A n   i m p r o v e d   u l t r a s o u n d   beam  t r a n s m i t t i n g   f l u i d - f i l l e d  

c h a m b e r   as  in any one of claims 1 to 7,  f u r t h e r   i n c l u d i n g   m e a n s   c o n n e c t e d  

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

c h a m b e r ,   s a i d   means  c o m p r i s i n g   an  o p e n i n g   in  s a i d   c h a m b e r  

w i t h   a  r e m o v a b l e   s e a l .  
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