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©  Tank  Washers. 
In  a  tank  washer  of  the  kind  in  which  jets  of  cleaning,  and 

subsequently,  rinsing  liquid  under  pressure  are  delivered 
from  opposed  nozzles  (23)  which  oscillate  through,  prefer- 
ably,  90°  about  the  first  horizontal  (as  illustrated)  axis  of  a 
tubular  carrier  (21)  of  said  nozzles  (23)  whilst  said  carrier  (21) 
and  nozzles  (23)  are  also  rotated  in  steps  about  a  second 
vertical  (as  illustrated)  axis,  the  oscillation  of  the  tubular 
nozzle  carrier  (21)  is  brought  about  by  the  axial  reciprocation 
of  a  piston  (42)  which  piston  (42)  is  directly  connected  by 
means  (28,29,30)  to  that  carrier  (21)  at  a  location  (Figure  5) 
which  is  spaced  from  said  first  axis.  The  liquid  under 
pressure  causes  the  operating  movements  of  the  tank 
washer  and  means  (14)  is  described  and  illustrated  to 
counterbalance  the  high  axial  pressure  exerted  on  a  frame- 
work  member  of  the  tank  washer  by  such  liquid  entering  the 
latter  through  a  tubular  inlet  fitting  (1). 





T h i s   i n v e n t i o n   r e l a t e s   to   t a n k   w a s h e r s   and  t o  

d e v i c e s   f o r   w a s h i n g   ou t   t a n k s   and  v a t s   in  b r e w e r i e s ,   f o o d  

f a c t o r i e s ,   c h e m i c a l   w o r k s   and  t h e   l i k e ,   a l l   r e f e r r e d   t o  

h e r e i n   as   " t a n k   w a s h e r s " .   Two  j e t s   of  c l e a n i n g   l i q u i d   a r e  

t r a v e r s e d   by  t h e   t a n k   w a s h e r   o v e r   t h e   i n s i d e   s u r f a c e   o f  

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

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

one  of  t h e   l i q u i d   j e t s .  

A c c o r d i n g   to   t h e   i n v e n t i o n ,   t h e r e   i s   p r o v i d e d   a  

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

j e t s   of  l i q u i d   u n d e r   p r e s s u r e   f r o m   t h e   w a s h e r   t o w a r d s   t h e  

i n t e r i o r   w a l l s   of  a  t a n k   or  t h e   l i k e   t h a t   i s   to  be  w a s h e d  

and  m e c h a n i s m   s u b s t a n t i a l l y   c o n t i n u o u s l y   to  move  s a i d  

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

in  u s e ,   c h a r a c t e r i s e d   in  t h a t   s a i d   d i r e c t i n g   m e a n s  

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

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

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

s a i d   n o z z l e s   a t   a  l o c a t i o n   w h i c h   i s   s p a c e d   f rom  s a i d  

f i r s t   a x i s   w h e r e b y ,   upon  a x i a l   r e c i p r o c a t i o n   of  t h e  

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

o s c i l l a t e   a b o u t   s a i d   f i r s t   a x i s .  

F o r   a  b e t t e r   u n d e r s t a n d i n g   of  t h e   i n v e n t i o n ,   a n d  

to  show  how  t h e   same  may  be  c a r r i e d   i n t o   e f f e c t ,  

r e f e r e n c e   w i l l   now  be  made ,   by  way  of   e x a m p l e ,   to   t h e  

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

F i g u r e   1  i s   a  s i d e   e l e v a t i o n   of   a  t a n k   w a s h e r  

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

F i g u r e   2  i s   a  f r o n t   e l e v a t i o n   of  t h e   t a n k   w a s h e r ,  

F i g u r e   3  i s   a  p l a n   v i e w   of  t h e   t a n k   w a s h e r   to  a n  

e n l a r g e d   s c a l e ,  

F i g u r e   4  i s   a  s e c t i o n   t a k e n   on  t h e   l i n e   E-E  i n  

F i g u r e   2 ,  

F i g u r e   5  i s   a  s e c t i o n   t a k e n   on  t h e   l i n e   F-F  i n  

F i g u r e   1 ,  



F i g u r e   6  is   a  s e c t i o n ,   to   an  e n l a r g e d   s c a l e ,   t a k e n  

on  t h e   l i n e   A-A  in  F i g u r e   1 ,  

F i g u r e   7  is   a  s e c t i o n ,   to   an  e n l a r g e d   s c a l e ,   t a k e n  

on  t h e   l i n e   B-B  in  F i g u r e   2 ,  

F i g u r e   8  i s   a  s e c t i o n ,   to   an  e n l a r g e d   s c a l e ,   t a k e n  

on  t h e   l i n e   C-C  in  F i g u r e   2,  a n d  

F i g u r e   9  i s   a  s e c t i o n ,   to   an  e n l a r g e d   s c a l e ,   t a k e n  

on  t h e   l i n e   D-D  in  F i g u r e   2 .  

The  g e n e r a l   o p e r a t i o n   of  t h e   t a n k   w a s h e r   can   b e  

u n d e r s t o o d   f r o m   F i g u r e s   1,  2,  3  and  5  of  t h e   d r a w i n g s .  

C l e a n i n g ,   and  l a t e r   r i n s i n g ,   l i q u i d   u n d e r   p r e s s u r e   i s  

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

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

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

n o z z l e s   23 .   T h e s e   n o z z l e s   23  o s c i l l a t e   t h r o u g h   9 0 ° ,  

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

t h e   h o r i z o n t a l .   At  t h e   same  t i m e ,   t h e   w h o l e   t a n k   w a s h e r  

moves   in  s t e p s   a b o u t   a  s e c o n d   v e r t i c a l   a x i s .   E a c h   s t e p  

o c c u r s   o n c e   d u r i n g   one  90°  n o z z l e   s w e e p .   The  w h o l e  

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

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

The  t e r m s   " h o r i z o n t a l "   and  " v e r t i c a l "   u s e d   in   t h i s  

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

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

t h e r e o f   a r e ,   of  c o u r s e ,   e q u a l l y   p o s s i b l e .  

F i g u r e s   4  and  5  s h o u l d   now  be  r e f e r r e d   to   f o r   a  

d e t a i l e d   d e s c r i p t i o n   of  t h e   t a n k   w a s h e r .   The  t a n k   w a s h e r  

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

and  r i n s i n g   l i q u i d s   by  t h e   i n t e r n a l   s c r e w - t h r e a d   of   t h e  

i n l e t   f i t t i n g   1.  T h i s   f i t t i n g   1  has   s i x   f l a t s   to   a l l o w  

the   u n i t   to  be  t i g h t e n e d   in  p l a c e   by  a  s p a n n e r   or   w r e n c h .  

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

a  c a s t   b a s e   17 .   T h i s   b a s e   17  i s   t h e   ma in   f r a m e w o r k  

member   of  t h e   t a n k   w a s h e r   u n i t   and  a l l   o t h e r   p a r t s   a r e  

m o u n t e d   w i t h i n ,   or  a r e   s e c u r e d   t o ,   t h i s   p a r t   17 .   W i t h i n  

t h e   b a s e   17  is  f o r m e d   a  v e r t i c a l   h o l e   and  a  h o r i z o n t a l  

h o l e .   T h e s e   two  h o l e s   a r e   t h e   r o u t e   t h r o u g h   w h i c h   t h e  



c l e a n i n g   and   r i n s i n g   l i q u i d s   a r e   f ed   to  t h e   n o z z l e s   2 3 .  

M o u n t e d   in  t h e   h o r i z o n t a l   h o l e   i s   a  c a r r i e r   fo r   t h e  

n o z z l e s   23  in  t h e   fo rm  of  a  t u b e   21  w h i c h   is   a  s i n g l e  

c a s t i n g .   I t   r o t a t e s   f r e e l y ,   l o c a t e d   by  b a l l   b e a r i n g s   8 

m o u n t e d   in  two  r e p l a c e a b l e   b e a r i n g   r i n g s   24  s c r e w e d   i n t o  

t h e   m a i n   f r a m e w o r k   member   or  b a s e   17 .   T h i s   c a r r i e r   t u b e  

21  i s   f i n a l l y   r e t a i n e d   in  p o s i t i o n   by  a  b e a r i n g   cap   2 2  

and  c l a m p e d   by  t h r e e   c o u n t e r s u n k   s c r e w s   57.   The  m a i n  

l i q u i d   f l o w   i s   r e t a i n e d   i n s i d e   t h e   t u b e   21  by  two  s e a l s  

25  made  of   a  c a r b o n - f i t t e d   p o l y t e t r a f l u o r o e t h y l e n e   ( P T F E )  

m a t e r i a l   h a v i n g   b u i l t   i n t o   them  O - r i n g s   of  a  n i t r i l e  

m a t e r i a l   to   g i v e   an  i n i t i a l   s e a l i n g   t e n s i o n .   The  c e n t r e  

of   t h e   t u b e   21  i s   c u t   away  and  i s   a p e r t u r e d   to  a l l o w   t h e  

l i q u i d   f l o w   to   p a s s   t h r o u g h .  

The  c a r r i e r   t u b e   21  d e s c r i b e d   a b o v e   i s   f i t t e d   w i t h  

s e a l s   25  a t   e a c h   e n d ,   of  t h e   same  d i a m e t e r ,   w h i c h   s e a l s  

25  s t r a d d l e   t h e   main  l i q u i d   f l o w   g o i n g   t h r o u g h   t h e  

c e n t r e .   T h i s   has   t h e   i m p o r t a n t   e f f e c t   of  s u b s t a n t i a l l y  

e l i m i n a t i n g   any  a x i a l   h y d r a u l i c   t h r u s t   on  t h e   t u b e   21  s o  

t h a t   no  n e t   f o r c e s   a r e   p r e s e n t   due   to   t h e   l i q u i d  

p r e s s u r e .   The  b a l l   b e a r i n g s   8  t h u s   have   to   c a r r y   l o a d s  

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

L i q u i d   j e t   d i r e c t i n g   m e a n s   c o m p r i s i n g   t w o  

c o m p l e t e   n o z z l e   a s s e m b l i e s   23  a r e   s c r e w e d   i n t o  

d i a m e t r i c a l l y   o p p o s e d   b o s s e s   f o r m e d   a t   one  end  of  t h e  

t u b e   21.   The  t i p   of  e a c h   n o z z l e   23 ,   f o r m i n g   t h e   e m e r g i n g  

j e t ,   may  be  of  a  s i z e   t y p i c a l l y   10  or   12  mms  in  d i a m e t e r .  

T h i s   t i p   has   a  t a p e r e d   i n t e r n a l   f o r m   to  a l l o w   t h e   l i q u i d  

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

p a r a l l e l - s i d e d   j e t .   Each   n o z z l e   23  i s   f i x e d   to  t h e  

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

e x t e n s i o n   a t   one   end  of  t h e   c a r r i e r   t u b e   21.  F i t t e d  

w i t h i n   e a c h   e x t e n d e d   b o s s   i s   a  f i g u r e - o f - e i g h t   v a n e   5 9 .  

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

n o z z l e   t i p ,   r e m o v i n g   much  of  t h e   s w i r l   and  a s s i s t i n g   i n  

t h e   f o r m a t i o n   of   a  c o h e r e n t   l o n g - t h r o w   j e t .  

The  t u b e   21  w i t h   t h e   a t t a c h e d   n o z z l e s   23  r o t a t e s  



t h r o u g h   90°  and  b a c k   a g a i n .   T h i s   o s c i l l a t i n g   a c t i o n  

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

of   t he   t u b e   i t s e l f   is   d e r i v e d   f rom  a  p i s t o n   42  w o r k i n g   i n  

t h e   v e r t i c a l   b o r e   of   a  c y l i n d e r   7.  T h i s   p i s t o n   42  i s  

l i n k e d   d i r e c t l y   t h r o u g h   a  p in   28  to   t h e   t u b e   21.   The  p i n  

28  i s   l o c a t e d   in  a  b o s s   in  t h e   t u b e   21,   a t   one  e n d .   A t  

t h e   o t h e r   e n d ,   i t   l o d g e s   in  a n o t h e r   h o l e   in  t h e   t u b e   21  

and  i s   l o c k e d   i n t o   p l a c e   by  t h e   b e a r i n g   cap   22.   I t   i s  

p r e v e n t e d   f r o m   r o t a t i n g .   W i t h i n   a  r e c e s s   in  t h e   p i n   2 8  

i s   a  s l e e v e   29  of  a  l o w - f r i c t i o n   m a t e r i a l ,   w h i c h   a c t s   a s  

a  b e a r i n g   w i t h i n   a  s t e e l   r o l l e r   30.   T h i s   r o l l e r   30  

o p e r a t e s   w i t h i n   a  s l o t   in  t h e   end  of   an  e x t e n s i o n   of  t h e  

p i s t o n   42.   One  c o m p l e t e   v e r t i c a l   s t r o k e   of  t h e   p i s t o n   4 2  

t u r n s  t h e   t u b e   21,   and  t h e r e f o r e   t h e   n o z z l e s   23 ,   t h r o u g h  
9 0 ° .  

The  p i s t o n   42  i s   l o c a t e d   in  t h e   c y l i n d e r   7  by  a  

b e a r i n g   s t r i p   41  and   l i q u i d   i s   p r e v e n t e d   f r o m   g e t t i n g  

p a s t   t h e   p i s t o n   42  by  a  s e a l   40.  The  e x t e n s i o n   of   t h e  

p i s t o n   42  i s   a l s o   l o c a t e d   a t   i t s   t o p   end  by  s i m i l a r  

b e a r i n g   s t r i p s   37  and  i s   s e a l e d   by  c a r b o n - f i l l e d   PTFE 

s e a l s   36.   O - r i n g s   a g a i n   p r o v i d e   i n i t i a l   t e n s i o n   f o r  

s e a l i n g .  

The  c y l i n d e r   7  in   w h i c h   t he   p i s t o n   42  r e c i p r o c a t e s  

i s   a  t u b e   s e a l e d   a t   t h e   b o t t o m   end  by  a  h o u s i n g   45  and  a n  

end   cap   46.   The  w h o l e   a s s e m b l y   is   c l a m p e d   t o g e t h e r   b y  

f o u r   b o l t s   47  p a s s e d   t h r o u g h   t h e   c y l i n d e r   7  and  s c r e w e d  

f i n a l l y   i n t o   t h e   b a s e   17 .   S e a l i n g   g a s k e t s   43  c o n s t i t u t e  

f i l t e r s   b e t w e e n   e a c h   s e c t i o n .  

The  i n l e t   f i t t i n g   1  and  an  a s s o c i a t e d   u n d e r l y i n g  

c y l i n d e r   58  ( F i g u r e   1)  s e r v e   to  s e c u r e   t h e   w h o l e   a s s e m b l y  

t o   t h e   s u p p l y   p i p e   and  a l s o   to   a l l o w   t h e   t a n k   w a s h e r   t o  

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

I t   has   an  i m p o r t a n t   s e c o n d   f u n c t i o n   in  p r o v i d i n g   means   b y  

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

t h e   t op   end  of  t h e   b a s e   17  may  be  c o u n t e r b a l a n c e d   by  a n  

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

The  two  s e p a r a t e   f u n c t i o n s ,   t h e   l o c a t i o n   of  t h e  



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

f o r c e s   w i l l   now  be  d e s c r i b e d   in  t u r n .  

S e c u r e d   a t   t h e   t o p   of  t h e   b a s e   17  is  an  i n n e r  

h y d r a u l i c   b a l a n c e   p i s t o n   14  l o c a t e d   by  a  s p l i t   r e t a i n i n g  

r i n g   5  w h i c h   i s   i t s e l f   l o c k e d   i n t o   p l a c e   by  a  r i n g   4 

i t s e l f   s e c u r e d   by  f o u r   c o u n t e r s u n k   s c r e w s   6.  The  p i s t o n  

14  i s   f i t t e d   w i t h   a  s e a l   9  of  c a r b o n - f i l l e d   PTFE,  a g a i n  
w i t h   a  n i t r i l e   t e n s i o n i n g   O - r i n g .   Two  s t r i p s   of  a  

b e a r i n g   m a t e r i a l   12 ,   a g a i n   of  a  c a r b o n - f i l l e d   PTFE 

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

b a s e   17  w i t h i n   t h e   i n l e t   f i t t i n g   1 .  

Be low  t h e   p i s t o n   14  a r e   f o u r   s m a l l   h o l e s   XX 

d i v e r t i n g   l i q u i d   f r o m   t h e   ma in   f l o w   to  a  l o c a t i o n   u n d e r  

t h e   p i s t o n   14.   T h i s   p r e s s u r e   c o u n t e r b a l a n c e   l i q u i d  

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

p i s t o n   14  by  a n o t h e r   s e a l   18.   The  d i a m e t e r   of  t h e   p i s t o n  

14  i s   r e l a t e d   to   t h e   d i a m e t e r   of  t h e   t o p   of  t h e   b a s e   1 7 .  

T h r e e   i m p o r t a n t   d i a m e t e r s   a r e   m a r k e d   in  F i g u r e   5 .  

D i a m e t e r   " J "   r e p r e s e n t s   t h e   c r o s s - s e c t i o n   a c t e d   on  by  t h e  

i n c o m i n g   l i q u i d   f l o w .   D i a m e t e r s   "K"  and  "L"  r e p r e s e n t  

t h e   n e t   c r o s s - s e c t i o n   a c t e d   on  by  t h e   u p w a r d   p r e s s u r e  

c o u n t e r b a l a n c i n g   l i q u i d .   The  c r o s s - s e c t i o n a l   a r e a  

r e p r e s e n t e d   by  d i a m e t e r   " J"   i s   e q u a l   to   t h e   d i f f e r e n c e  

b e t w e e e n   t h e   two  d i a m e t e r s   r e p r e s e n t e d   by  d i a m e t e r s   "K" 

and  " L " .   The  d o w n w a r d   t h r u s t   a c t i n g   on  t he   a r e a  

r e p r e s e n t e d   by  d i a m e t e r   "J"   i s   s u b s t a n t i a l l y  

c o u n t e r b a l a n c e d   by  t h e   u p w a r d   t h r u s t   on  t he   a n n u l a r   a r e a  

r e p r e s e n t e d   by  o u t e r   and  i n n e r   d i a m e t e r s   "K"  and  " L " .  

S i n c e   t h i s   h y d r a u l i c   t h r u s t   can   be  v e r y   h i g h   a t   e l e v a t e d  

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

i m p o r t a n t .   T h r u s t   w a s h e r s   10  a r e   r e q u i r e d   t h e r e f o r e   t o  

t a k e   no  more  p r e s s u r e   t h a n   t h a t   r e p r e s e n t e d   by  t h e  

m e c h a n i c a l   l o a d   i m p o s e d   by  t h e   w e i g h t   of  t he   t a n k   w a s h e r .  

The  t o p   of  t h e   p i s t o n   14  is   s e p a r a t e d   f rom  t h e   i n c o m i n g  

l i q u i d   by  a  s e a l   1 3 .  

The  s c r e w - t h r e a d e d   i n l e t   f i t t i n g   1  is  s e c u r e d   t o  

t h e   c y l i n d e r   58.  T h i s   i s   e f f e c t e d   by  a  c i r c u l a r   s p l i t  



r i n g   3  ( F i g u r e   4 ) ,   w h i c h   l o c a t e s   i n t o   a  g r o o v e   in   t h e  

c y l i n d e r   58 .   I t   i s   l o c k e d   i n t o   p l a c e   by  s i x   s c r e w s   2 

e v e n l y   s p a c e d   a r o u n d   t h e   c i r c u m f e r e n c e   of  t h e   r i n g   3 .  

T h i s   r i n g   3  has   an  i m p o r t a n t   s e c o n d   f u n c t i o n .   When  a  

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

common  f o r   t h e   o p e r a t o r   to   u se   n o z z l e s   e q u i v a l e n t   to   t h e  

n o z z l e s   23  f o r   l e v e r a g e .   T h i s   i m p o s e s   a  h e a v y   l o a d   o n  

t h e   m e c h a n i s m   and  can   c a u s e   i t   to   b r e a k .   S h o u l d   a n  

a t t e m p t   be  made  to   u s e   t h e   n o z z l e s   23  in  t h i s   w a y ,  

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

i n l e t   f i t t i n g   1  t a k e s   p l a c e .   Damage  i s   t h u s   p r e v e n t e d .  

The  m o v e m e n t   of  t h e   p i s t o n   42  i s   e f f e c t e d   by  a  

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

c o n t r o l l e d   by  a  v a l v e   m e c h a n i s m   w i t h i n   a  h o u s i n g   45  a n d  

m o u n t e d   on  an  end  cap   46.   The  o p e r a t i o n   of  t h i s   v a l v e  

can  be  s e e n   by  r e f e r r i n g   to   F i g u r e s   5  and  6.  A  s m a l l  

p a r t   of   t h e   t o t a l   f l o w ,   t y p i c a l l y   0 . 5 % ,   i s   f ed   f r o m   t h e  

main   l i q u i d   f l o w   t h r o u g h   a  f i l t e r   2 6 .  

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

of  l i q u i d   to   e i t h e r   s i d e   of   t h e   p i s t o n   42  to   move  i t   i n  

t h e   a x i a l   d i r e c t i o n   r e q u i r e d   to   o s c i l l a t e   t h e   n o z z l e s  

t h r o u g h   9 0 ° .   W i t h i n   t h e   w a l l s   of  t h e   c y l i n d e r   42  a r e   t w o  

s m a l l   l e a k a g e   o r i f i c e s ,   "E"  and  "F"  ( F i g u r e   5 ) .   I f   t h e  

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

t h e   p i s t o n   42,   some  of   i t   w i l l   e s c a p e   t h r o u g h   t h e   h o l e  

"E" .   The  t o t a l   l i q u i d   s u p p l i e d   i s ,   h o w e v e r ,   g r e a t e r   p e r  
u n i t   t i m e   t h a n   t h a t   w h i c h   c a n  e s c a p e   t h r o u g h   h o l e   "E"  a n d  

t h e   p r e s s u r e   b u i l d - u p   a b o v e   t h e   p i s t o n   42  f o r c e s   i t   d o w n .  

At  t h e   end   of  i t s   s t r o k e ,   t h e   f l o w   of  l i q u i d   i s   r e v e r s e d  

and  i s   d i r e c t e d   to  t h e   c h a m b e r   b e n e a t h   t h e   p i s t o n   42.   I t  

c a n n o t   e s c a p e   t h r o u g h   h o l e   "F"  f a s t   e n o u g h ,   and  t h e   r i s e  

in  p r e s s u r e   b e l o w   t h e   p i s t o n   42  c a u s e s   i t   to   r i s e .   I n  

b o t h   d i r e c t i o n s   of  m o v e m e n t ,   t h e   two  h o l e s   "E"  and  " F "  

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

t h e   low  p r e s s u r e   s i d e   of  t h e   p i s t o n   4 2 .  

The  two  h o l e s   "E"  and   "F"  have   an  i m p o r t a n t   s e c o n d  

f u n c t i o n .   Tank  w a s h e r s   a r e   o f t e n   u sed   in  c o l d   c l i m a t e s  



a t   t e m p e r a t u r e s   b e l o w   t h e   f r e e z i n g   p o i n t   of  w a t e r .   I f  

t he   c y l i n d e r   7  i s   n o t   d r a i n e d ,   t h e   t r a p p e d   l i q u i d   m a y  

f r e e z e ,   e x p a n d   and  d a m a g e   t h e   m e c h a n i s m .   By  h a v i n g   a  

c o n s t a n t   d r a i n   t h r o u g h   t h e s e   h o l e s   "E"  and  " F " ,   t h e   t a n k  

w a s h e r   can   d r a i n   o u t ,   or  be  b lown   o u t   w i t h   c o m p r e s s e d  

a i r ,   and  any  l i q u i d   r e m a i n i n g   in  t h e   u n i t   can  be  r e m o v e d .  

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

of  t h e   p i s t o n   42  i s   an  i m p o r t a n t   f e a t u r e   of  t h e  

i n v e n t i o n .  

The  p i s t o n   42  i s   h y d r a u l i c a l l y   o p e r a t e d :   t h e   f l o w  

of  l i q u i d   to   t h e   t o p   and  b o t t o m   of  t h e   p i s t o n   b e i n g  

c o n t r o l l e d   by  a  v a l v e   m e c h a n i s m .   In  known  d e s i g n s ,   t h e  

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

e a c h   s t r o k e   to  r e v e r s e   t h e   l i q u i d   f l o w .   I t   i s   a  

d i s a d v a n t a g e   of  s u c h   known  l a y o u t s   t h a t ,   as  t h e   p i s t o n  

moves   t h e   v a l v e ,   a  d e a d s p o t   o c c u r s .   The  p i s t o n   l o c k s   a n d  

no  f u r t h e r   m o v e m e n t   t a k e s   p l a c e .   I t   i s   n e c e s s a r y   f o r   t h e  

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

o v e r c o m e   t h i s   d e a d s p o t .   The  v a l v e   m u s t   be  " l o a d e d "   b y  

t h e   p i s t o n   m o v e m e n t   and  t h e n   be  t r i g g e r e d   a t   t h e   end  o f  

t h e   s t r o k e   to   r e v e r s e   t h e   f l o w .   T h i s   i s   t h e   f u n c t i o n   o f  

t he   v a l v e   w h i c h   i s   d e s c r i b e d   as  f o l l o w s :  

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

i n s i d e   t h e   b a s e   17  t h r o u g h   a  h o l e   in  t h e   b o t t o m   of  t h e  

c a s t i n g   and  t h r o u g h   t h e   f i l t e r   26  r e t a i n e d   in  p l a c e   by  a  

n u t   27.  I t   i s   t h e n   d i r e c t e d   v i a   d e e p - d r i l l e d   h o l e s  

t h r o u g h   t h e   c y l i n d e r   7  i n t o   a  c h a m b e r   e n c o m p a s s e d   by  a  

h o u s i n g   45.   A  f l a p   v a l v e   48  d e s c r i b e d   b e l o w   t h e n   d i r e c t s  

t h i s   l i q u i d   f l o w   t h r o u g h   a  v a l v e   p o s t   54  to   e i t h e r   t h e  

b o t t o m   or  t h e   t o p   of  t h e   p i s t o n   4 2 .  

The  v a l v e   m e c h a n i s m   has   two  ma in   m o v i n g   p a r t s .  

The  f l a p   v a l v e   48  i t s e l f   and  a  t r i g g e r   b a r   56.   The  v a l v e  

48  and  t r i g g e r   b a r   56  a r e   l o c a t e d   in  s m a l l   V - g r o o v e s  

f o r m e d   in  p i v o t   p o s t s   51  and  a r e   l o c k e d   i n t o   a  cap  46  b y  

g r u b   s c r e w s   52.  The  c o n t a c t   e d g e s   of  t h e   f l a p   v a l v e   48  

and  t r i g g e r  b a r   56  a r e   m a c h i n e d   to  a  30°  i n c l u s i v e   a n g l e  

so  t h a t   t h e y   p i v o t   f r e e l y   in  t h e   p o s t s   51.  The  m o v e m e n t  



of   t h e   f l a p   v a l v e   48  i s   l i m i t e d   by  a  30°  i n c l u s i v e   a n g l e  

g r o o v e   c u t   i n t o   a  v a l v e   p o s t   54.   By  m o v i n g   to  e i t h e r   o f  

two  s e t t i n g s ,   t h e   f l a p   v a l v e   48  c o n t r o l s   t h e   s u p p l y   o f  

l i q u i d   to  move  to  t h e   t o p ,   or  to  t he   b o t t o m ,   of   t h e  

p i s t o n   42.  The  v a l v e   p o s t   54  i s   l o c a t e d   f i r m l y   i n t o   t h e  

b o t t o m   cap   46  and  i s   s e c u r e d   w i t h   c o u n t e r s u n k   s c r e w s   5 5 .  

An  O - r i n g   53  s e a l s   t h e   p a r t   54  a t   t he   t o p   end  w h e r e   i t  

e n t e r s   on  t h e   u n d e r s i d e   of   t he   p i s t o n   42.   The  t r i g g e r  

b a r   56  s i m i l a r l y   p i v o t s   a b o u t   t h e   p i v o t   p o s t s   51  and  i t s  

m o t i o n   i s   l i m i t e d   by  two  s t o p s   c a s t   i n t o   t h e   c a p   4 6 .  

B e t w e e n   t he   f l a p   v a l v e   48  and  t h e   t r i g g e r   b a r   56  a r e  

r e s i l i e n t   m e m b e r s   in  t h e   fo rm  of  two  p o w e r f u l   s p r i n g s   5 0 .  

I n t o   t h e   ends   of  t h e s e   a r e   s c r e w e d   s p r i n g   e n d s   49  t h a t  

a r e   l i n k e d   o v e r   p i v o t   p o i n t s   on  t h e   f l a p   v a l v e   48  and  t h e  

t r i g g e r   bar   56.  The  e f f e c t   of  t h e s e   p o w e r f u l   s p r i n g s   5 0  

i s   to   p u l l   t h e   two  p a r t s   t o g e t h e r   a g a i n s t   t h e   p i v o t   p o s t s  

51.   The  v a l v e   48  s e a l s   a g a i n s t   one  of  t h e   p a r t s   in  t h e  

v a l v e   p o s t   54  and  i s   a l s o   l o c a t e d   by  t h i s   p o s t .   T h e  

t r i g g e r   ba r   56  i s   a l s o   l o c a t e d   f i r m l y   a g a i n s t   a  s t o p   i n  

t h e   cap   46  by  t h e   s p r i n g s   5 0 .  

The  t r i g g e r   b a r   56  has  a  l i n k   35  l o c a t e d   w i t h i n  

i t .   T h i s   l i n k   35  m o v e s ,   a t   i t s   o t h e r   e n d ,   w i t h i n   t h e  

p i s t o n   42.  At  t h e   t o p   e n d ,   when  t he   p i s t o n   42  i s   m o v i n g ,  

t h e   l i n k   35  w i l l   make  c o n t a c t   w i t h   a  p i n   34.  T h i s   p i n   34  

a l s o   s e c u r e s   a  t u b e   32  w i t h i n   t h e   p i s t o n   42.   The  l i n k   35  

m o v e s   w i t h i n   t h i s   t u b e   32  and  has  a  p r o j e c t i o n   w h i c h  

m a k e s   c o n t a c t   a t   t h e   b o t t o m   end   of  t h e   t u b e   32.   T h e  

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

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

e x t e n s i o n   of  t h e   h o u s i n g   45.   S e a l s   38  w i t h   0 - r i n g  

t e n s i o n i n g   and  b e a r i n g   t a p e   39  keep   t h e   a s s e m b l y   s e a l e d  

and  l o c a t e d   in  p l a c e .  

Now  c o n s i d e r   t h e   r o t a t i o n   of  t h e   n o z z l e s   23  as  a  

w h o l e ,   the   m o v e m e n t   of  t h e   p i s t o n   42  and  t h e   a c t i o n   o f  

t h e   v a l v e   48  w h i c h   d i r e c t s   t h e  o p e r a t i n g   l i q u i d   a b o v e   a n d  

b e l o w   t h e   p i s t o n   42.  In  F i g u r e   5,  a s s u m e   t h e   p i s t o n   42  

i s   a b o u t   to  move  d o w n .   P r e s s u r i s e d   l i q u i d   f l o w s   t h r o u g h  



t h e   f i l t e r   26  and  down  t h r o u g h   a  d r i l l e d   p a s s a g e w a y   QQ 

and  t h r o u g h   t h e   b o t t o m   c a p  -   and  i n t o   t h e   v a l v e   p o s t   5 4 .  

The  f l a p   v a l v e   48  now  d i r e c t s   f l o w   t h r o u g h   a  d r i l l e d  

p a s s a g e w a y   SS  and  t h e n   on  to  a c t   on  t h e   t o p   of  t h e   p i s t o n  

42,   f o r c i n g   i t   down.   The  f l o w   to  t h e   t o p   of  t h e   p i s t o n  

42  is   g r e a t e r   t h a n   t h a t   e s c a p i n g   t h r o u g h   t h e   h o l e   "E"  a n d  

t h e   p r e s s u r e   a b o v e   t h e   p i s t o n   42  b u i l d s   up .   As  t h e  

p i s t o n   42  d e s c e n d s ,   t h e   v o l u m e   of  l i q u i d   b e n e a t h   i t  

e x h a u s t s   t h r o u g h   t h e   h o l e   " F " .   T h i s   a c t i o n   of  t h e   p i s t o n  

42  r o t a t e s   t h e   n o z z l e   t u b e   21  t h r o u g h   90°  a n d ,   w i t h  

r o t a t i o n   of  t h e   n o z z l e s   23  a t t a c h e d   to   i t ,   moves   t h e   j e t s  

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

t a n k .  

When  t h e   p i s t o n   42  g e t s   c l o s e   to  t h e   b o t t o m   of  i t s  

s t r o k e ,   t h e   p i n   34  s t r i k e s   t h e   l i n k   35  f o r c i n g   i t   d o w n .  

The  t r i g g e r   b a r   56  a l s o   moves   down,   r o t a t i n g   a b o u t   i t s  

p i v o t s   a g a i n s t   t h e   p i v o t   p o s t s   51.   At  t h e   same  t i m e ,   t h e  

t e n s i o n   in  t h e   s p r i n g s   50  i n c r e a s e s :   t h e y   a r e   " l o a d e d " .  

F i n a l l y ,   when  t h e   t r i g g e r   b a r   56  and  t h e   v a l v e   48  a r e   i n  

l i n e ,   t h e   t r i g g e r   b a r   " f i r e s "   or   s n a p s   o v e r   to  t h e   o t h e r  

s t o p .   The  v a l v e   48  moves   i n d e p e n d e n t l y   of   t h e   p i s t o n   42  

and  s n a p s   i n t o   t h e   o p p o s i t e   p o s i t i o n .   L i q u i d   f l o w   i s   n o w  

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

42.   I t   moves   up  a g a i n ,   t r a v e r s i n g   t h e   j e t s   of  c l e a n i n g  

or   r i n s i n g   l i q u i d   a c r o s s   t h e   w a l l s   of  t h e   t a n k   b e i n g  

c l e a n e d .   The  l i q u i d   a b o v e   t h e   p i s t o n   42  i s   e x h a u s t e d  

t h r o u g h   t h e   h o l e   " F " .   When  t h e   p i s t o n   42  n e a r l y   r e a c h e s  

t h e   b o t t o m   of  i t s   s t r o k e ,  a   p r o j e c t i o n   on  t h e   l i n k   35  i s  

p u l l e d   up  by  a  s i m i l a r   p r o j e c t i o n   on  t h e   b o t t o m   t u b e   3 2 .  

The  t r i g g e r   b a r   56  i s   p u l l e d   up  and  t h e   s p r i n g - l o a d e d  

i n l e t   v a l v e   48  i s   a g a i n   " f i r e d "   to   f l y   o v e r .   T h e  

d i r e c t i o n   of  p i s t o n   m o v e m e n t   i s   r e v e r s e d   and  t h e   s e q u e n c e  
i s   r e p e a t e d   as  o f t e n   as  i s   r e q u i r e d .  

To  c o m p l e t e   t h e   a c t i o n   of  t h e   n o z z l e s   23 ,   t h e  

" s t r i p e s "   t h e y   l a y   on  t h e   w a l l   of  t h e   t a n k   n e e d   to   b e  

moved  a r o u n d .   The  w h o l e   body  a s s e m b l y   of  t he   t a n k  

w a s h e r ,   i n c l u d i n g   i t s   n o z z l e s   23,  n e e d s   to   be  i n d e x e d   i n  



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

F i g u r e   7  s h o w s   how  t h i s   i s   d o n e .   An  i n d e x   r i n g   11  

( F i g u r e   1)  h a s ,   p r o j e c t i n g   f rom  i t s   u n d e r s i d e ,   a  p e g  
( F i g u r e   4 ) .   T h i s   peg   e n g a g e s   in  a  s l o t   in  t h e   b e a r i n g  

cap  22.   The  90°   o s c i l l a t i o n   of  t h i s   c ap   22  has   t h e  

e f f e c t   of  m o v i n g   t h e   p e g ,   and  t h e r e f o r e   t h e   i n d e x   r i n g  

11,   b a c k w a r d s   and   f o r w a r d s .   In  one   d i r e c t i o n ,   t h e   i n d e x  

r i n g   11  moves   f r e e l y   b u t ,   in  t h e   o t h e r ,   i t   l o c k s   t i g h t .  

The  l o c k i n g   e f f e c t   i s   a c h i e v e d   by  r o l l e r s   16  m o v e d  

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

e x t e n s i o n   to   t h e   b a s e   17.   C o m p r e s s i o n   s p r i n g s   1 5  

m a i n t a i n   t h e s e   r o l l e r s   16  in  c o n s t a n t   c o n t a c t   w i t h   t h e  

w e d g i n g   s l o p e s .   In  one  d i r e c t i o n   of  t h e   m o v e m e n t ,   t h e  

i n d e x   r i n g   11  w i l l   l o c k ,   w h i l s t   in  t h e   o t h e r   d i r e c t i o n ,  

i t   w i l l   f r e e w h e e l .   As  t h e   b e a r i n g   cap   22  o s c i l l a t e s  

t h r o u g h   9 0 ° ,   i t   p u s h e s   in  one  d i r e c t i o n   a g a i n s t   t h e  

l o c k e d   i n d e x   r i n g   11.   The  e f f e c t   i s   to   move  t h e   w h o l e  

body  a s s e m b l y ,   i n c l u d i n g   t h e   j e t s   f r o m   t h e   n o z z l e s   2 3 ,  

a b o u t   t h e   v e r t i c a l   s e c o n d   a x i s   of  t h e   t a n k   w a s h e r .   T h e  

j e t s   now  e a c h   t r a c e   a n o t h e r   " s t r i p e "   on  t h e   w a l l   of  t h e  

t a n k   b e i n g   c l e a n e d .   The  i n d e x   r i n g   11  h a s   no  f i x e d  

s t e p s ,   s u c h   as  a  r a t c h e t   w i t h   a  f i x e d   n u m b e r   of  t e e t h .  

T h i s   has   t h e   i m p o r t a n t   e f f e c t   t h a t   t h e   c l e a n i n g   j e t s  

n e v e r   r e t r a c e   t h e   same  p a t h .   The  l o n g e r   t h e   t a n k   w a s h e r  

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

s u b s e q u e n t   r i n s i n g   e f f e c t .  



1.  A  t a n k   w a s h e r   c o m p r i s i n g   means   to  d i r e c t   a  

p l u r a l i t y   of  j e t s   of  l i q u i d   u n d e r   p r e s s u r e   f r o m   t h e  

w a s h e r   t o w a r d s   t h e   i n t e r i o r   w a l l s   of  a  t a n k   or  t h e   l i k e  

t h a t   i s   to   be  w a s h e d   and  m e c h a n i s m   s u b s t a n t i a l l y  

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

j e t s   w i l l   i m p i n g e   upon  v a r i o u s   r e g i o n s   of  s a i d   w a l l s  
w h i l s t   t h e   t a n k   w a s h e r   i s   in  u s e ,   c h a r a c t e r i s e d   in  t h a t  

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

(23)  w h i c h   a r e   a n g u l a r l y   d i s p l a c e a b l e   a b o u t   a  f i r s t   a x i s ,  

a  r e c i p r o c a b l e   p i s t o n   (42)   and  means   ( 2 8 , 2 9   30)  d i r e c t l y  

c o n n e c t i n g   s a i d   p i s t o n   (42)   to   a  c a r r i e r   (21)   of  s a i d  

n o z z l e s   (23)   a t   a  l o c a t i o n   ( F i g u r e   5)  w h i c h   i s   s p a c e d  

f rom  s a i d   f i r s t   a x i s   w h e r e b y ,   upon  a x i a l   r e c i p r o c a t i o n   o f  

t h e   p i s t o n   ( 4 2 ) ,   t h e   n o z z l e s   (23)   and  t h e i r   c a r r i e r   ( 2 1 )  

w i l l   be  c a u s e d   to   o s c i l l a t e   a b o u t   s a i d   f i r s t   a x i s .  

2.  A  t a n k   w a s h e r   a c c o r d i n g   to   c l a i m   1,  c h a r a c t e r i s e d  

in  t h a t   t h e   d i r e c t   c o n n e c t i o n   of  s a i d   p i s t o n   (42)   t o   t h e  

c a r r i e r   (21)   of  t h e   n o z z l e s   (23)   i s   s u c h   t h a t ,   upon   a x i a l  

r e c i p r o c a t i o n   of   t h e   p i s t o n   ( 4 2 ) ,   t h e   n o z z l e s   (23)   a n d  

t h e i r   c a r r i e r   (21)   w i l l   be  c a u s e d   to  o s c i l l a t e   t h r o u g h  

s u b s t a n t i a l l y   90°   a b o u t   s a i d   f i r s t   a x i s .  

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

c h a r a c t e r i s e d   in  t h a t   s a i d   p i s t o n   (42)   i s   h y d r a u l i c a l l y  

r e c i p r o c a t e d   in  a  c y l i n d e r   (7)  by  p r e s s u r e   d i f f e r e n t i a l  

b e t w e e n   t h e   o p p o s i t e   s i d e s   of   t h a t   p i s t o n   ( 4 2 ) ,   t h e r e  

b e i n g   a  f l a p   v a l v e   (48)   a r r a n g e d   to   o c c u p y   a  s e t t i n g   t o  

s u p p l y   l i q u i d   u n d e r   p r e s s u r e   to   a  c h a m b e r   of  s a i d  

c y l i n d e r   (7)  a t   e i t h e r   one   s i d e ,   or  t h e   o t h e r   s i d e ,   of  a  

p o r t i o n   of  s a i d   p i s t o n   ( 4 2 ) ,   s a i d   c y l i n d e r   c h a m b e r s   b e i n g  

f o r m e d   w i t h   r e s p e c t i v e   l e a k a g e   o r i f i c e s   (E ,F )   w h i c h  

o r i f i c e s   ( E , F )   a r e   of  s u c h   s i z e s   t h a t   t he   m a x i m u m  

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

s u b s t a n t i a l l y   l e s s   t h a n   t h e   r a t e   a t   w h i c h   l i q u i d   u n d e r  

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

o t h e r ,   when  t he   t a n k   w a s h e r   i s   in  u s e ,   and  c h a r a c t e r i s e d  



in  t h a t   m e a n s   (35)   w h i c h   i s   d i s p l a c e a b l e   by  s a i d   p i s t o n  

(42)   i s   a r r a n g e d   to   move  s a i d   f l a p   v a l v e   (48)   f r o m   o n e  

l i q u i d   s u p p l y   s e t t i n g   to  t he   o t h e r   as  t h e   p i s t o n   ( 4 2 )  

a p p r o a c h e s   e i t h e r   end  of  i t s   s t r o k e   in  t h e   c y l i n d e r   ( 7 ) .  

4.  A  t a n k   w a s h e r   a c c o r d i n g   to  c l a i m   3,  c h a r a c t e r i s e d  

in   t h a t   s a i d   f l a p   v a l v e   (48)   i s   u r g e d   by  a t   l e a s t   o n e  

r e s i l i e n t   member   (50)   i n t o   e i t h e r   s a i d   o n e ,   or  t h e   o t h e r ,  

of   s a i d   l i q u i d   s u p p l y   s e t t i n g s ,   t h e   or   e a c h   r e s i l i e n t  

member   (50)   b e i n g   c a p a b l e   of  o c c u p y i n g   an  i n t e r m e d i a t e  

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

move  a u t o m a t i c a l l y   to   u r g e   t h e   f l a p   v a l v e   (48)   t o w a r d s  

one   of  s a i d   l i q u i d   s u p p l y   s e t t i n g s ,   and  c h a r a c t e r i s e d   i n  

t h a t   s a i d   means   (35 )   w h i c h   is   d i s p l a c e a b l e   by  t h e   p i s t o n  

(42)   i s   a r r a n g e d   a l s o   to  move  t h e   or  e a c h   r e s i l i e n t  

member   (50)   f r o m   a  p o s i t i o n   in  w h i c h   i t   u r g e s   s a i d   f l a p  

v a l v e   (48 )   i n t o   e i t h e r   o n e ,   or  t h e   o t h e r ,   of  s a i d   l i q u i d  

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

t h e r e o f   so  t h a t ,   s u b s e q u e n t l y   and  as  s a i d   p i s t o n   ( 4 2 )  

c l o s e l y   a p p r o a c h e s   one  end  of  i t s   s t r o k e   in  t h e   c y l i n d e r  

( 7 ) ,   t h e   f l a p   v a l v e   (48)   i s   u r g e d   by  t h e   or  e a c h  

r e s i l i e n t   member   (50)   i n t o   t h e   s e t t i n g   c o r r e s p o n d i n g   t o  

t h e   s u p p l y   of  l i q u i d   u n d e r   p r e s s u r e   to   t h a t   c y l i n d e r  

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

p o s s i b l e   v o l u m e .  

5.  A  t a n k   w a s h e r   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 ,  

c h a r a c t e r i s e d   in  t h a t   a  h y d r a u l i c   b a l a n c e   p i s t o n   (14)   i s  

f a s t e n e d   to   a  ma in   f r a m e w o r k   member   (17)   and  a t   l e a s t   o n e  

o r i f i c e   (XX)  i s   f o r m e d   d o w n w s t r e a m   of  s a i d   p i s t o n   ( 1 4 )  

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

i n t o   t h e   t a n k   w a s h e r   so  t h a t   l i q u i d   u n d e r   p r e s s u r e  

p a s s i n g   i n t o   t h a t   o r i f i c e   (XX)  a c t s   upon  an  a n n u l a r   a r e a  

(K-L)  in  a  d i r e c t i o n   o p p o s i n g   t h e   h y d r a u l i c   p r e s s u r e  

a c t i n g   upon  a  s u b s t a n t i a l l y   e q u a l   a r e a   ( J )   of   s a i d  

f r a m e w p r k   member   (17)   e x p o s e d   to   t h e   f l u i d   p r e s s u r e   o f  

t h e   l i q u i d   s u p p l y   w h e r e b y   the   l a t t e r   p r e s s u r e   i s  

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

6.  A  t a n k   w a s h e r   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 ,  



c h a r a c t e r i s e d   in  t h a t   s a i d   c a r r i e r   (21)   of  t h e   l i q u i d  

n o z z l e s   (23)   i s   in  t h e   f o r m   of  an  a p e r t u r e d   t u b e   t h a t   i s  

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

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

t u b e ,   and  c h a r a c t e r i s e d   in  t h a t   s a i d   t u b e   (21)   h a s  

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

c l o s e d   e n d s   a t   one  of  w h i c h   s a i d   n o z z l e s   (23)   a r e  

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

s i g n i f i c a n t   h y d r a u l i c   t h r u s t   upon  s a i d   t u b e   (21)   a c t i n g  

l e n g t h w i s e   t h e r e o f .  

7.  A  t a n k   w a s h e r   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 ,  

c h a r a c t e r i s e d   in  t h a t   means   ( 11 ,   15 ,   16 ,   22)  i s   p r o v i d e d  

to  d i s p l a c e   a t   l e a s t   s a i d   n o z z l e s   (23)   and  t h e i r   c a r r i e r  

(21)   in  one  d i r e c t i o n   a b o u t   a  s e c o n d   a x i s ,   s a i d   m e a n s  

( 1 1 , 1 5 ,   16,   22)  b e i n g   in  t h e   f o rm  of   a  o n e - w a y   s t e p p i n g  

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

s a i d   s e c o n d   a x i s   a r e   n o t   of  u n i f o r m   m a g n i t u d e .  

8.  A  t a n k   w a s h e r   a c c o r d i n g   to   c l a i m   7,  c h a r a c t e r i s e d  

in  t h a t   s a i d   means   ( 11 ,   15 ,   16 ,   22)  c o m p r i s e s   a  p l u r a l i t y  

of  r o l l e r s   (16)   u r g e d   by  c o r r e s p o n d i n g   s p r i n g s   (15)   i n  

one  d i r e c t i o n   a l o n g   c o r r e s p o n d i n g   w e d g i n g   s l o p e s ,   s a i d  

r o l l e r s   ( 1 6 ) ,   s p r i n g s   (15)   and  w e d g i n g   s l o p e s   b e i n g  

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

s e c o n d   a x i s   so  as  r e a d i l y   to   a l l o w   m o v e m e n t   of  a t   l e a s t  

s a i d   n o z z l e s   (23)   and  t h e i r   c a r r i e r   (21)   in   one  d i r e c t i o n  

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

p a r t   of  t h e   t a n k   w a s h e r   w h i l s t   e f f e c t i v e l y   p r e v e n t i n g  

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

9.  A  t a n k   w a s h e r   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 ,  

c h a r a c t e r i s e d   in  t h a t   two  d i a m e t r i c a l l y   o p p o s e d   n o z z l e s  

(23)   a r e   p r o v i d e d ,   e a c h   n o z z l e   (23)   b e i n g   c a r r i e d   by  a  

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

a n t i - s w i r l   v a n e   ( 5 9 ) .  
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