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©  A  method  of  cleaning  industrial  components  and  a  jet  assembly  for  use  therein. 
©  An  industrial  component  fluid  jet  (10)  has  a  nozzle  (12) 
comprising  two  coaxial  tubes.  The  outer  tube  has  a  stepped 
bore.  An  annular  swirl  plate  (15)  is  spigotted  into  an 
intermediate  diameter  bore  portion  (16)  and  has  an  end  of 
the  inner  tube  (22)  spigotted  into  it.  Cleaning  fluid  passed 
through  the  swirl  plate  (15)  emerges  into  a  chamber  (21  )  with 
an  axial  directional  component  and  a  spinning  action  to  form 
a  hollow  cone  spray.  Fluid  emerging  from  the  inner  tube  (22) 
only  forms  a  pinpoint  jet  but  cooperates  with  spinning  fluid 
emerging  simultaneously  from  the  swirl  plate  (15)  to  form  a 
solid  cone  jet.  The  jet  (10)  may  be  operated  and  orientated  by 
a  robot. 
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U   An  industrial  component  fluid  jet  (10)  has  a  nozzle  (12) 
comprising  two  coaxial  tubes.  The  outer  tube  has  a  stepped 
bore.  An  annular  swirl  plate  (15)  is  spigotted  into  a n  
intermediate  diameter  bore  portion  (16)  and  has  an  end  of 
the  inner  tube  (22)  spigotted  into  it.  Cleaning  fluid  passed 
through  the  swirl  plate  (15)  emerges  into  a  chamber  (21)  with 
an  axial  directional  component  and  a  spinning  action  to  form 
a  hollow  cone  spray.  Fluid  emerging  from  the  inner  tube  (22) 
only  forms  a  pinpoint  jet  but  cooperates  with  spinning  fluid 
emerging  simultaneously  from  the  swirl  plate  (15)  to  form  a 
solid  cone  jet.  The  jet  (10)  may  be  operated  and  orientated  by 
a  robot. 





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

c o m p o n e n t s .  

U K - A - 1 5 7 3 4 2 4 - a n d   U K - A - 2 0 0 6 9 1 3   d i s c l o s e  

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

k i n e t i c   e n e r g y   j e t s   of  c l e a n i n g   f l u i d   h a v i n g   a  

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

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

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

p r e c i s i o n .  

The  use   of  r o b o t s   to  s u p p o r t   and  l o c a t e   j e t s  

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

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

a s s e m b l i e s   s e l e c t e d   f rom  a  s e r i e s   of   d i f f e r e n t  

g r i p p e r - h e l d   j e t   a s s e m b l i e s   wou ld   be  u s e d .   E a c h  

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

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

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

w a s h i n g   f l u i d ,   t h a t   i s  t o   say  a  j e t   of  f l u i d   w h i c h   h a s  

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

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



g a l l e r i e s   in  e n g i n e   b l o c k s .   A l s o   t h e r e   w o u l d   be  j e t s  

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

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

s u r f a c e   c l e a n i n g .   O t h e r   j e t s   w h i c h   fo rm  j e t s   o f  

c o m p r e s s e d   a i r   f o r   d r y i n g   w o u l d   a l s o   be  p r o v i d e d .   T h e  

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

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

t h e   w a s h i n g   l o c a t i o n ,   t o   c o n t r o l   i t   f o r   t h e   w a s h i n g  

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

p r i o r   to   s e l e c t i n g   a n o t h e r   j e t   f o r   a n o t h e r   w a s h i n g   o r  

d r y i n g   s t e p .   A  c o n s i d e r a b l e   a m o u n t   of  t he   wash   c y c l e  

t i m e   was  l o s t   in  t he   c h a n g e o v e r   o p e r a t i o n s .   A 

p r o p o s a l   to  m i n i m i s e   t h i s   l o s s   of  t i m e   by  a r r a n g i n g   a  

n u m b e r   of  j e t   a s s e m b l i e s   as  a  g r o u p   or  c l u s t e r   c a r r i e d  

by  a  s i n g l e   r o b o t   was  f o u n d   to  be  l e s s   s a t i s f a c t o r y  

t h a n   e x p e c t e d   b e c a u s e   of   t h e   c o m p l e x   fo rm  of   t h e   g r o u p  

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

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

J A - A - 5 8 - 9 8 1 5 4   d i s c l o s e s   a l t e r n a t i o n   of   t h e  

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

c o r r e s p o n d e n c e   w i t h   t he   s h a p e   of  an  o b j e c t   to   b e  

p a i n t e d   by  a  s p r a y   gun  c a r r i e d   by  a  r o b o t ,   b u t   p a i n t  

s p r a y   a p p a r a t u s   i s   d e s i g n e d   to  fo rm  a  m i s t   of   a t o m i s e d  

p a i n t   w h i c h   h a s   low  k i n e t i c   e n e r g y   and  i s   n o t   s u i t a b l e  

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



n e e d e d   f o r   c l e a n i n g .   G B - A - 2 0 0 1 2 6 2   d i s c l o s e s   a  j e t  

w h i c h   may  be  u s e d   to  form  s u c h   a  low  k i n e t i c   e n e r g y  

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

j e t   can   be  a l t e r e d ,   i t   c a n n o t   be  u s e d   to  form  a  h i g h  

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

t he   n o z z l e   c h a m b e r   in  a  c i r c u m f e r e n t i a l   d i r e c t i o n   t o  

fo rm  the   v o r t e x   and  w i t h o u t   an  a x i a l   d i r e c t i o n a l  

c o m p o n e n t .   A l s o   t h e   f l u i d   e x p a n d s   as  i t   e n t e r s   t h e  

c h a m b e r   so  t h a t   i t s   s p e e d   f a l l s .  

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

c o m p o n e n t s   as  d e f i n e d   by  C l a i m s   1  to  1 0 .  

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

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  j e t   a s s e m b l y   w h i c h   i s  

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

d e f i n e d   by  C l a i m s   10  to  1 5 .  

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

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  j e t   a s s e m b l y   as  d e f i n e d  

by  C l a i m s   16  and  1 7 .  

E x a m p l e s   of  a p p a r a t u s   in  w h i c h   t he   p r e s e n t  

i n v e n t i o n   i s   e m b o d i e d   w i l l   now  be  d e s c r i b e d   w i t h  

r e f e r e n c e   to  t h e   a c c o m p a n y i n g   d r a w i n g s ,   of  w h i c h : -  

F i g u r e   1  i s   a  s c h e m a t i c   d i a g r a m   of  a p p a r a t u s  

f o r   c o n t r o l l i n g   o p e r a t i o n   of  a  j e t   a s s e m b l y   in  w h i c h  

t h i s   i n v e n t i o n   i s   e m b o d i e d ,   t h e   j e t   a s s e m b l y   b e i n g  



shown  in  c r o s s - s e c t i o n ;  

F i g u r e   2  i s   a  f r a g m e n t   of  t h e   n o z z l e   of  t h e  

j e t   a s s e m b l y   shown  in  F i g u r e   1  i l l u s t r a t i n g   i t s  

o p e r a t i o n   to   f o rm  a  h o l l o w   c o n e ;  

F i g u r e   3  i s   a  v i e w   s i m i l a r   to  F i g u r e   2 

i l l u s t r a t i n g   o p e r a t i o n   of  t h e   j e t   a s s e m b l y   to  fo rm  a  

p i n p o i n t   j e t   of  f l u i d ;  

F i g u r e   4  i s   a  v i ew   s i m i l a r   to  F i g u r e s   2  a n d  

3  i l l u s t r a t i n g   o p e r a t i o n   of  t h e   j e t   a s s e m b l y   to  f o rm  a  

f u l l   c o n e   of  w a s h i n g   f l u i d ;  

F i g u r e   5  is   a  v i e w   in  p e r s p e c t i v e   of  a n  

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

i n v e n t i o n   i s   e m b o d i e d ;  

F i g u r e   6  is   a  p e r s p e c t i v e   v i ew   of  r o b o t  

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

5 ;  

F i g u r e   7  is   a  v i e w   in   p e r s p e c t i v e  

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

a s s e m b l y   shown  in  F i g u r e   6  to   f o r m   a  p i n p o i n t   j e t   o f  

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

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

c l e a n e d ;  

F i g u r e   8  i s   a  v i ew   s i m i l a r   to  F i g u r e   7  b u t  

i l l u s t r a t e s   o p e r a t i o n   of  t h e   j e t   to  form  and  d i r e c t   a  

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



c o m p o n e n t ;  

F i g u r e   9  i s   an  e l e v a t i o n   of  a n o t h e r   form  o f  

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

to  t h a t   shown  in  F i g u r e s   2  to  8;  a n d  

F i g u r e   10  i s   a  v i e w   in  p e r s p e c t i v e   of  a n  

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

i n v e n t i o n   i s   e m b o d i e d .  

F i g u r e   1  shows   a  j e t   a s s e m b l y   10  c o m p r i s i n g  

a  m a n i f o l d   b l o c k   11  f r o m   w h i c h   a  n o z z l e   12  p r o j e c t s  

and  to  wh ich   two  h o s e s   13  and  14  a r e   c o n n e c t e d .   T h e  

n o z z l e   12  c o m p r i s e s   a  t u b u l a r   body   h a v i n g   a  b o r e   w h i c h  

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

r e m o t e   f rom  t h e   m a n i f o l d   11.  An  a n n u l a r   s w i r l   p l a t e  

15  i s   s p i g o t t e d   i n t o   t he   l a r g e r   i n t e r m e d i a t e   d i a m e t e r  

b o r e   p o r t i o n   16.   The  c e n t r a l   a p e r t u r e   17  of  t h e  

a n n u l a r   s w i r l   p l a t e   15  has   a  d i a m e t e r   w h i c h   i s   s m a l l e r  

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

p o r t i o n   18  w h i c h   f o r m s   an  o p e n i n g   a t   t he   o u t e r   end  o f  

t h e   n o z z l e   12.  The  s m a l l e r   i n t e r m e d i a t e   d i a m e t e r   b o r e  

p o r t i o n   19  f o r m s   a  c h a m b e r   21  b e t w e e n   t h e   s w i r l   p l a t e  

15  and  t he   o p e n i n g   18,   t h e   a n n u l a r   end  w a l l   of  t h e  

c h a m b e r   21  a d j a c e n t   t h e   o p e n i n g   18  t a p e r i n g   t o w a r d s  

t h e   o p e n i n g   18.   One  end  of  a  t u b e   22  i s   s p i g o t t e d  

i n t o   t he   c e n t r a l   a p e r t u r e   17  of  t h e   a n n u l a r   s w i r l  

p l a t e   15.  The  t u b e   22  e x t e n d s   t h r o u g h   t he   t u b u l a r  



body   of  t he   n o z z l e   12  and  i t s   o t h e r   end  i s   s p i g o t t e d  

i n t o   a  b o r e   23  in  t h e   m a n i f o l d   b l o c k   11.  The  b o r e   23 

l e a d s   to   a  u n i o n   24  to   w h i c h   t h e   h o s e   14  i s   c o n n e c t e d .  

The  t u b e   22  c o m p r i s e s   an  i n n e r   c o n d u i t   w h i c h  

c o m m u n i c a t e s   w i t h   t h e   c h a m b e r   21.  The  m a j o r   p a r t   o f  

t h e   t u b u l a r   body  of  t h e   n o z z l e   12,   w h i c h   f o r m s   t h e  

l a r g e s t   d i a m e t e r   b o r e   p o r t i o n   25,  c o m p r i s e s  a n   o u t e r  

c o n d u i t   w h i c h   s u r r o u n d s   t h e   t u b e   22  and  c o o p e r a t e s  

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

t h e   t u b e   22  f rom  a  p a s s a g e   26  in  t h e   m a n i f o l d   b l o c k   1 1  

to   t h e   c h a m b e r   21,  c o m m u n i c a t i o n   b e t w e e n   t he   a n n u l a r  

p a s s a g e   and  t he   c h a m b e r   21  p a s s e d   t h e   s w i r l   p l a t e   1 5  

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

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

p l a t e   15  and  t he   a d j a c e n t   p o r t i o n s   of  t h e   b o r e   p o r t i o n  

16.   The  p a s s a g e   26  i s   c o n n e c t e d   to  t he   h o s e   13  v i a   a  

u n i o n   2 7 .  

Each  h o s e   13,   14  i s   p r o v i d e d   w i t h   a  f l o w  

c o n t r o l   v a l v e   20  and  w i t h   a  s o l e n o i d   s h u t - o f f   v a l v e  

30.   The  h o s e s   13  and  14  a r e   c o n n e c t e d   in  p a r a l l e l   t o  

an  o u t p u t   of  a  pump  36  w h i c h   i s   a  s o u r c e   of  w a s h i n g  

f l u i d   u n d e r   p r e s s u r e .   A  p r e s s u r e   r e g u l a t o r   3 7  i n  

e a c h   h o s e   13,  14  b e t w e e n   t h e   pump  36  and  t h e  

r e s p e c t i v e   s h u t - o f f   v a l v e   30  r e g u l a t e s   t he   p r e s s u r e  

u p s t r e a m   of  t h a t   s h u t - o f f   v a l v e   30  s u c h   t h a t   t h e  



p r e s s u r e   u p s t r e a m   of  t h e   v a l v e   30  in  t he   h o s e   14  i s  

h i g h e r   t h a n   t h a t   u p s t r e a m   of  t he   v a l v e   30  in   t h e   h o s e  

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

s h u t - o f f   v a l v e   38  and  p r e s s u r e   r e g u l a t i n g   v a l v e   39  i s  

c o n n e c t e d   to  t h e   h o s e   14  b e t w e e n   the   s h u t - o f f   v a l v e   3 0  

in  t he   h o s e   14  and  t h e   u n i o n   2 4 .  

F i g u r e   2  s h o w s   t h a t   t he   n o z z l e   12  f o r m s   a  

h o l l o w   cone   s p r a y   when   w a s h i n g   f l u i d   i s   s u p p l i e d  

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

f o r m e d   by  t h e   s w i r l   p l a t e   15  to  t h e   c h a m b e r   21,   t h e  

s h u t - o f f   v a l v e   in  t he   h o s e   14  b e i n g   c l o s e d   so  t h a t   n o  

f l u i d   i s   s u p p l i e d   v i a   t he   t u b e   22.  Flow  t h r o u g h   t h e  

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

so  t h a t   i t   e n t e r s   t h e   c h a m b e r   21  w i t h   s u c h   a  s p i n n i n g  

a c t i o n   and  w i t h   an  a x i a l   d i r e c t i o n a l   c o m p o n e n t   a n d  

f o r m s   a  v o r t e x   in  t h e   c h a m b e r   21  w h i c h   c a u s e s  

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

F i g u r e   3  s h o w s   t h a t   a  p i n p o i n t   j e t   o f  

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

to   t h e   o p e n i n g   v i a   t h e   t u b e   22  o n l y ,   t h e   s h u t - o f f  

v a l v e   in  t h e   h o s e   13  b e i n g   c l o s e d   so  t h a t   no  w a s h i n g  

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

s p i r a l   p a s s a g e s   to  t h e   c h a m b e r   2 1 .  

F i g u r e   4  s h o w s   t h a t   a  f u l l   cone   i s   f o r m e d  

w h e n   w a s h i n g   f l u i d   i s   s u p p l i e d   by  b o t h   t h e   t u b e   22  



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

c h a m b e r   21,  t h e   two  s u p p l i e s   of  w a s h i n g   f l u i d  

i n t e r a c t i n g   in  t h e   c h a m b e r   21  to   f o r m   t h e   f u l l   c o n e .  

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

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

21  w i t h   an  a x i a l   d i r e c t i o n a l   c o m p o n e n t ,   s p i n s   a r o u n d  

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

e m e r g e s   f rom  t h e   t u b e - 2 2   in  an  a r e a   of   t h e   c h a m b e r   2 1  

w h i c h   has   s u b s t a n t i a l l y   t he   same  c r o s s - s e c t i o n a l   a r e a  

of  t h e   f o u r   s p i r a l   p a s s a g e s .   Hence   t h e   f l o w   e m e r g e s  

f rom  t h e   s p i r a l   p a s s a g e s   i n t o   t he   c h a m b e r   21  w i t h o u t  

s i g n i f i c a n t   l o s s   in  k i n e t i c   e n e r g y   ( t h i s   i s   t h e   c a s e  

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

i l l u s t r a t e d   in   F i g u r e   2 ) .   I t   i s   n e c e s s a r y   to  r e g u l a t e  

t he   f l o w s   t h r o u g h   t he   two  p a t h s   by  a d j u s t m e n t   of  t h e  

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

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

A  c o m p r e s s e d   a i r   j e t   i s   f o r m e d   when  t h e  

s h u t - o f f   v a l v e s   30  in   t he   two  h o s e s   13  and  14  a r e  

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

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

r e s p e c t i v e   s o l e n o i d   s h u t - o f f   v a l v e   38  so  t h a t  

c o m p r e s s e d   a i r   i s   s u p p l i e d   t h r o u g h   t h e   t u b e   22  to  t h e  

o p e n i n g   1 8 .  

When  t h e   j e t   a s s e m b l y   10  i s   u s e d   to  wash  a n  



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

m e t h o d   in  w h i c h   t h i s   i n v e n t i o n   i s   e m b o d i e d ,   i t   may  b e  

m o u n t e d   on  an  arm  of  a  r o b o t   w h i c h   is   p r o g r a m m e d   t o  

e f f e c t   a  s e q u e n c e   of  m o v e m e n t s   of  t he   a r m  

a u t o m a t i c a l l y   w h e r e b y   the   j e t   a s s e m b l y   10  i s   l o c a t e d  

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

s e q u e n c e   of  l o c a t i o n s   and  o r i e n t a t i o n s   in  s p a c e ,   t h e  

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

w a s h e d   and  the   r o b o t   b e i n g   l o c a t e d   a d j a c e n t   a  w a s h i n g  

s t a t i o n   a t   w h i c h   e a c h   of  a  s e r i e s   of  t he   c o m p o n e n t s   t o  

be  w a s h e d   i s   l o c a t e d   in  t u r n   f o r   w a s h i n g .   In  a d d i t i o n  

to  l o c a t i n g   and  o r i e n t a t i n g   t h e   j e t   a s s e m b l y   10 ,   t h e  

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

s h u t - o f f   v a l v e s   30  to  e f f e c t   t h e   r e q u i r e d   s u p p l y   o f  

w a s h i n g   f l u i d   to   t he   c h a m b e r   21  v i a   t he   a n n u l a r  

p a s s a g e   and  t h e   s p i r a l   p a s s a g e s ,   or  t he   t u b e   22  o r  

b o t h ,   d e p e n d e n t   upon   the   fo rm  of  w a s h i n g   f l u i d   j e t  

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

p e r f o r m e d   in  a c c o r d a n c e   w i t h   t h e   p r o g r a m ,   or  to  e f f e c t  

c l o s u r e   of   t h e   two  w a s h i n g   f l u i d   s h u t - o f f   v a l v e s   30  i n  

t h e   h o s e s   13  and  14  and  to  open   t h e   c o m p r e s s e d   a i r  

s u p p l y   s h u t - o f f   v a l v e   38  fo r   t h e   d r y i n g   s t e p s   of  t h e  

w a s h i n g   c y c l e .  

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

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



t h a t   had  a c c u m u l a t e d   in  the   n o z z l e   12,  i t   may  b e  

d e s i r a b l e   to  p r o v i d e   a  form  of  v e n t i n g   to  c l e a r  

w a s h i n g   f l u i d   f rom  t h e   n o z z l e   12  f o r   t h e   d r y i n g  

s t e p .  

The  r o b o t   may  be  a d a p t e d   to  c o n t r o l  

o p e r a t i o n   of  t h e   n o z z l e   12  to  e f f e c t   p u l s i n g   of  t h e  

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

d e s i r e d .   I 

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

s h u t - o f f   38A  v a l v e   and  p r e s s u r e   r e g u l a t i n g   v a l v e   3 9 A  

may  be  c o n n e c t e d   to   t h e   h o s e   13  b e t w e e n   t h e   s h u t - o f f  

v a l v e   30  in  t h e   h o s e   13  and  t h e   u n i o n   27  i n s t e a d   of  o r  

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

to  t h e   h o s e   14.   In  t h e   l a t t e r   a r r a n g e m e n t ,   t h e  

p a t t e r n   of  t h e   j e t   of  c o m p r e s s e d   a i r   may  be  v a r i e d  

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

t h e   r e s p e c t i v e   s h u t - o f f   v a l v e s   38  and  38A  in  much  t h e  

same  way  as  h a s   b e e n   d e s c r i b e d   a b o v e   w i t h   r e f e r e n c e   t o  

F i g u r e s   2,  3  and  4  when  t he   s h u t - o f f   v a l v e s   30  in   t h e  

h o s e s   13  and  14  a r e   c l o s e d   to  s h u t - o f f   t h e   s u p p l y   o f  

w a s h i n g   f l u i d .  

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

30 ,   38  and  38A  to  e f f e c t   t h e   r e q u i r e d   s u p p l y   o f  

w a s h i n g   f l u i d   or  c o m p r e s s e d   a i r   to  t h e   c h a m b e r   21  v i a  

t h e   a n n u l a r   p a s s a g e   and  t he   s p i r a l   p a s s a g e s ,   or  t h e  



t u b e   22  or  b o t h ,   d e p e n d e n t   upon  t he   fo rm  of  f l u i d   j e t  

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

o p e r a t i o n   to  be  p e r f o r m e d   in  a c c o r d a n c e   w i t h   t h e  

p r o g r a m   c o u l d   be  u n d e r   t he   c o n t r o l   of  s e p a r a t e   c o n t r o l  

m e a n s   f u n c t i o n a l l y   i n t e r l i n k e d   w i t h   t he   r o b o t   so  t h a t  

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

m o v e m e n t s   e f f e c t e d   by  the   r o b o t ,   r a t h e r   t h a n   b e i n g  

c o n t r o l l e d   by  t h e   r o b o t   i t s e l f   as  d e s c r i b e d   a b o v e .  

F i g u r e   5  shows   an  i n d u s t r i a l   p a r t s   w a s h i n g  

m a c h i n e   c o m p r i s i n g   a  h o u s i n g   40  w i t h   a  l o a d i n g   h a t c h  

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

i n t o   and  w i t h d r a w n   f rom  a  work  s t a t i o n   w i t h i n   t h e  

h o u s i n g   40.   T h e r e   i s   a  t u r n t a b l e   42  a t   t h e   w o r k  

s t a t i o n .   A  number   of  f i x e d   j e t   a s s e m b l i e s   43  a r e  

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

s t a t i o n .   A  r o b o t   44  i s   p r o v i d e d   w i t h i n   t h e   h o u s i n g  

4 0 .  

F i g u r e   6  shows   the   r o b o t   44  in  more   d e t a i l .  

I t   c a r r i e s   a  j e t   a s s e m b l y   45  a t   t h e   end  of   i t s   a r m .  

The  c o n f i g u r a t i o n   and  c o n s t r u c t i o n   of  e a c h   j e t  

a s s e m b l y   43,  45  i s   as  has   b e e n   d e s c r i b e d   a b o v e   as  t h e  

j e t   a s s e m b l y   10  w i t h   r e f e r e n c e   to  F i g u r e s   1  to   4 .  

The  m a c h i n e   i n c l u d e s   a  c o n t r o l   p a n e l   4 6  

w h i c h   i s   i n t e r l i n k e d   w i t h   t he   r o b o t   44  and  w h i c h  

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



o p e r a t i o n   of  t h e   f i x e d   j e t s   43  as  w e l l .   C o n v e n i e n t l y  

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

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

44  as  w e l l .  

In  o p e r a t i o n   of  t he   m a c h i n e ,   a  c o m p o n e n t   t o  

be  c l e a n e d   i s   c o n v e y e d   to  t h e   l o a d i n g   h a t c h   41.  An 

a u t o m a t i c   d o o r   of  t h e   h a t c h   41  i s   o p e n e d   to  a l l o w   t h e  

c o m p o n e n t   to  be  i n t r o d u c e d   i n t o   t he   i n t e r i o r   of  t h e  

h o u s i n g   40  and  be  l o a d e d   on  the   t u r n t a b l e   42.   T h e  

a u t o m a t i c   d o o r   of  t h e   h a t c h   41  c l o s e s   a u t o m a t i c a l l y  

o n c e   t h e   c o m p o n e n t   i s   p o s i t i o n e d   and  l o c k e d   on  t h e  

t u r n t a b l e   42.   The  p r o g r a m m e d   c o n t r o l   m e a n s  

i n c o r p o r a t e d   in  t he   c o n t r o l   p a n e l   46  and  in  t h e   r o b o t  

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

and  i n s t r u c t   t he   r o b o t   c o n t r o l   s y s t e m   to  commence   t h e  

wash   c y c l e .  

The  r o b o t   44  w a s h e s   one  f a c e   and  25%  of   t h e  

t o p   of   t he   work   e n v e l o p e   of  t h e   c o m p o n e n t   and  r e t u r n s  

to  a  s a f e   l o c a t i o n   w i t h i n   t h e   e n c l o s u r e   40.   T h e  

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

by  t h e   j e t   a s s e m b l y   45  and  the   wash  a c t i o n   a r e  

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

a r e   t h e r e f o r e   t o t a l l y   i n t e g r a t e d   i n t o   t he   r o b o t  

p r o g r a m .   F i g u r e   7  shows   o p e r a t i o n   of  t h e   j e t   a s s e m b l y  

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



s e l e c t e d   p a r t   of  t h e   c o m p o n e n t .   F i g u r e   8  shows  t h e  

j e t   a s s e m b l y   45  d i r e c t i n g   a  cone   s p r a y   of  w a s h i n g  

f l u i d   a t   t he   c o m p o n e n t .  

The  t u r n t a b l e   42  i s   now  i n d e x e d   t h r o u g h   9 0 0  

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

43  a r e   o p e r a t e d   in  a c c o r d a n c e   w i t h   t h e   p r o g r a m   of  t h e  

p r o g r a m m e d   m i c r o p r o c e s s o r s   in  t h e   c o n t r o l   p a n e l   46  t o  

r e m o v e   g r o s s   s w a r f   c o n t e n t   f rom  t h e   c o m p o n e n t .  

A f t e r   i n d e x i n g   t h r o u g h   9 0 ° ,   t h e   r o b o t   44  i s  

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

f a c e   and  p a r t   of  t h e   t o p   of  t he   c o m p o n e n t .   T h i s   c y c l e  

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

and  t he   o v e r a l l   c o m p o n e n t   has   r e c e i v e d   f o u r   f l u s h e s .  

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

d i r e c t i o n   of  c o m p r e s s e d   a i r   by  t h e   j e t s   43  and  45  o n t o  

t h e   c o m p o n e n t .   The  r o b o t   44  o p e r a t e s   to  e f f e c t   d r y i n g  

of   t he   n e a r e s t   f a c e   of  t he   c o m p o n e n t   in  a  s i m i l a r  

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

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

t h e   h o u s i n g   40  w h i l s t   t he   t u r n t a b l e   42  i s   i n d e x e d .  

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

s t o p p e d ,   t he   s u p p l y   of   c o m p r e s s e d   a i r   to  t h e   j e t  

a s s e m b l i e s   43  and  t he   r o b o t   j e t   a s s e m b l y   45  i s   s t o p p e d  

by  a p p r o p r i a t e   o p e r a t i o n   of  t he   c o m p r e s s e d   a i r  



s h u t - o f f   v a l v e s   38.  The  a u t o m a t i c   d o o r   of  t he   l o a d i n g  

h a t c h   41  o p e n s   and  the   c o m p o n e n t   i s   r e m o v e d .  

F i g u r e   9  shows   an  a l t e r n a t i v e  a r r a n g e m e n t   i n  

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

28  c a r r i e s   two  n o z z l e s   29  and  31.  The  c o n s t r u c t i o n   o f  

e a c h   n o z z l e   29,   31  i s   s u b s t a n t i a l l y  s i m i l a r   to   t h e  

c o n s t r u c t i o n   of  t he   n o z z l e   12  d e s c r i b e d   a b o v e   w i t h  

r e f e r e n c e   to  F i g u r e   1  a n d   t h e   c o n n e c t i o n s   t h r o u g h   t h e  

m a n i f o l d   28  of  e a c h   n o z z l e   29,   31  to  the   r e s p e c t i v e  

p a i r   of   h o s e s   32  and  33,   34  and  35 ,   a r e   s u b s t a n t i a l l y  

s i m i l a r   to   t h e   e q u i v a l e n t   c o n n e c t i o n   of  t h e   n o z z l e   1 2  

to  t h e   r e s p e c t i v e   p a i r   of  h o s e s   13  and  14  as  d e s c r i b e d  

a b o v e   w i t h   r e f e r e n c e   to   F i g u r e   1.  The  a x i s   of   t h e  

n o z z l e   31  i s   o b l i q u e   to  t h e   a x i s   of  t h e   n o z z l e   29  s o  

t h a t   j e t s   e m i t t e d   f rom  t h e   two  n o z z l e s   29  and  3 1  

c o n v e r g e .   The  o u t e r   end  of  t h e   n o z z l e   29  i s   f u r t h e r  

f r o m   t h e   m a n i f o l d   28  t h a n   i s   t he   o u t e r   end  of   t h e  

n o z z l e   3 1 .  

In  use   of  t h e   a p p a r a t u s   shown  in  F i g u r e   9 ,  

t h e   m a n i f o l d   28  i s   m o u n t e d   on  t h e   arm  of  a  r o b o t .   T h e  

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

w i t h   r e f e r e n c e   to  o p e r a t i o n   of  t h e   n o z z l e   12.   T h e  

a r r a n g e m e n t   of  t he   two  n o z z l e s   29  and  31  i n c r e a s e s   t h e  

s c o p e   of  t h e   w a s h i n g   o p e r a t i o n s   t h a t   can   be  p e r f o r m e d .  

For   e x a m p l e   t he   s p a c e   b e t w e e n   two  p o r t i o n s   of   a  



s u r f a c e   t h a t   can   be  w a s h e d   by  t h e   j e t   a s s e m b l y   s h o w n  

in  F i g u r e   9  c an   be  i n c r e a s e d   by  m o v i n g   t he   two  n o z z l e s  

29  and  31  c l o s e r   to  t h a t   s u r f a c e ,   or  can  be  r e d u c e d   b y  

m o v i n g   t h e   n o z z l e s   29  and  31  f u r t h e r   away .   T h i s   i s  

b e c a u s e   t h e   j e t s   c o n v e r g e .   The  n o z z l e   29  can  b e  

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

by  the   n o z z l e   31  by  b r i n g i n g   t he   n o z z l e s   so  c l o s e   t o  

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

o u t e r   end  of  t h e   n o z z l e   2 9 .  

The  j e t   a s s e m b l i e s   d e s c r i b e d   a b o v e   w i t h  

r e f e r e n c e   to   F i g u r e s   1  to  4  or  9  may  be  d e s i g n e d   so  a s  

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

m a c h i n e   i n s t a l l a t i o n   as  i l l u s t r a t e d   in  F i g u r e   1 0  

w h i c h   i n c l u d e s   a  r o b o t   50  w h i c h   i s   a r r a n g e d   to  s e l e c t  

and  l o c a t e   a u t o m a t i c a l l y   a t   a  work  s t a t i o n   5 1 - 5 4   o n e  

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

a s s e m b l y   i s   one   of  t he   g r o u p   55  of  t o o l s   a v a i l a b l e   f o r  

a u t o m a t i c   s e l e c t i o n .   For  t h i s   p u r p o s e   t h e   j e t  

a s s e m b l y   may  be  f o r m e d   w i t h   a  s h a n k   or  o t h e r   s u i t a b l e  

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

j e t   a s s e m b l y   a t   t h e   work  s t a t i o n   5 1 - 5 4   and  to  c o n n e c t  

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

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

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

c o n t a m i n a n t s ,   s u c h   as  s w a r f   and  o i l s .   The  n o r m a l  



c o o l a n t / f l u i d   a v a i l a b l e   f o r   use  d u r i n g   t he   o p e r a t i n g  

c y c l e   of  t h e   m a c h i n e   c o u l d   be  d i r e c t e d   t h r o u g h   t h e   j e t  

f o r   s u c h   p u r p o s e s .  



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

in  w h i c h   a  h i g h   k i n e t i c   e n e r g y   j e t   of  c l e a n i n g   f l u i d  

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

f o r m e d   by  f l o w   of  f l u i d   t h r o u g h   a  j e t   (10 ,   43,  45)  i s  

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

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

k i n e t i c   e n e r g y   f l u i d   f l o w   to  and  t h r o u g h   t he   j e t   ( 1 0 ,  

43,   45)  i s   c o n t r o l l e d   a u t o m a t i c a l l y   in  a c c o r d a n c e   w i t h  

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

e n e r g y   j e t   of  f l u i d   i s   p r e d e t e r m i n e d   and  s e l e c t e d  

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

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

a u t o m a t i c   c o n t r o l   i s   a c h i e v e d   by  one  or  more   of  t h e  

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

j e t   (10 ,   43,  4 5 ) ,   of  s e l e c t i n g   one  or  more   of   a  

p l u r a l i t y   of  d i f f e r e n t   p a t h s   fo r   f l o w ' o f   f l u i d   t h r o u g h  

t h e   j e t   (10,   43,   4 5 ) ,   and  of  v a r y i n g   t h e   n a t u r e   of  t h e  

f l u i d   medium  f ed   to   and  t h r o u g h   t h e   j e t   (10 ,   43,   4 5 ) .  

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

w h e r e i n   o p e r a t i o n   of  t he   j e t   (10,   43,  45)  i s  

c o n t r o l l e d   a u t o m a t i c a l l y   in  a c c o r d a n c e   w i t h   t h e  



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

f l u i d .  

4.  A  m e t h o d   a c c o r d i n g   to  any  one  of  C l a i m s   1  t o  

3,  w h e r e i n   t h e   j e t   i s   d e s i g n e d   so  as  to   be  p h y s i c a l l y  

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

a r r a n g e d   to  s e l e c t   and  l o c a t e   a u t o m a t i c a l l y   a t   a  w o r k  

s t a t i o n   ( 5 1 - 5 4 )   one  o f - a   g r o u p   (55)  of  d i f f e r e n t  

t o o l s ,   w h e r e b y   t he   j e t   i s   one   of  t h e   g r o u p   of  t o o l s  

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

5.  A  m e t h o d   a c c o r d i n g   to  C l a i m   4,  w h e r e i n   t h e  

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

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

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

c o n t a m i n a n t s ,   such   as  s w a r f   and  o i l ,   f rom  a  w o r k  

p i e c e .  

6.  A  m e t h o d   a c c o r d i n g   to   C l a i m   1  in  w h i c h   a  

p r o g r a m m e d   r o b o t   (44)   l o c a t e s   and  o r i e n t a t e s   t h e   j e t  

(10 ,   43 ,   45)  a t   e a c h   of  a  p r o g r a m m e d   s e q u e n c e   o f  

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

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

j e t   (10 ,   43,  45)  i s   c o n t r o l l e d   a u t o m a t i c a l l y   so  t h a t   a  

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



c o m p o n e n t   by  t h e   j e t   (10 ,   43,  45)  in  s y n c h r o n i s m   w i t h  

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

7.  A  m e t h o d   a c c o r d i n g   to  C l a i m   6,  w h e r e i n   t h e  

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

h o l l o w   c o n e ,   a  s o l i d   cone   and  a  s o - c a l l e d   " p i n p o i n t "  

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

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

t r a v e l   f rom  t h e   j e t   by  w h i c h   i t   i s   d i r e c t e d .  

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

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

by  c o m b i n i n g   a  h o l l o w   cone   p a t t e r n   of  j e t   of  w a s h i n g  

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

f l u i d .  

9.  A  m e t h o d   a c c o r d i n g   to  any  one  of  C l a i m s   6  t o  

8,  w h e r e i n   t h e   a u t o m a t i c   c o n t r o l   of  f l u i d   f l ow  to  a n d  

t h r o u g h   t h e   j e t   ( 1 0 ,   43,  45)  i s   e f f e c t e d   by  t he   r o b o t  

(44)  in  a c c o r d a n c e   w i t h   t h e   p r o g r a m m e .  

10.   A  m e t h o d   a c c o r d i n g   to  any  one  of  C l a i m s   6  t o  

9,  w h e r e i n   a  s u p p l y   (36)  of  w a s h i n g   f l u i d   to  a n d  

t h r o u g h   t h e   j e t   ( 10 ,   43,  45)  i s   s h u t   o f f   a u t o m a t i c a l l y  

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



i s   c o n n e c t e d   to  the   j e t   ( 1 0 ,   43,  45)  so  t h a t   a  j e t   o f  

c o m p r e s s e d   a i r   i s   d i r e c t e d   a t   t h e   c o m p o n e n t   by  t h e   j e t  

(10 ,   43 ,   45)  f o r   a  d r y i n g   p h a s e .  

11.  A  j e t   a s s e m b l y   ( 10 ,   43,  45)  s u i t a b l e   f o r   u s e  

in  p e r f o r m i n g   a  me thod   a c c o r d i n g   to  a n y   one  of  C l a i m s  

1  to   10 ,   t h e   j e t   a s s e m b l y   (10 ,   43,   45)  c o m p r i s i n g   a  

n o z z l e   (12)   w i t h   an  o p e n i n g   (18)  a t   one  end  a n d  

f o r m i n g   a  c h a m b e r   (21)  w h i c h   c o m m u n i c a t e s   w i t h   t h e  

o p e n i n g   (18)   and  wh ich   h a s   a  c r o s s - s e c t i o n   w h i c h   i s  

l a r g e r   t h a n   t h e   c r o s s - s e c t i o n   of  t h e   o p e n i n g   ( 1 8 ) ;   a n  

i n n e r   c o n d u i t   (22)  h a v i n g   a  c r o s s - s e c t i o n   s m a l l e r   t h a n  

t h e   c r o s s - s e c t i o n   of  t h e   o p e n i n g   ( 1 8 ) ,   c o m m u n i c a t i n g  

w i t h   t h e   c h a m b e r   (21)  o p p o s i t e   t h e   o p e n i n g   (18)  a n d  

b e i n g   a r r a n g e d   so  as  to  f o r m   a  j e t   of  c l e a n i n g   f l u i d  

u n d e r   p r e s s u r e   wh ich   has   a  s u b s t a n t i a l l y   u n i f o r m  

c r o s s - s e c t i o n   and  to  d i r e c t   t h a t   j e t   s u b s t a n t i a l l y  

c o a x i a l l y   t h r o u g h   the   o p e n i n g   ( 1 8 ) ;   an  o u t e r   c o n d u i t  

s u r r o u n d i n g   t he   i n n e r   c o n d u i t   (22)  and  c o o p e r a t i n g  

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

t h e   i n n e r   c o n d u i t   (22)  to  t h e   c h a m b e r   ( 2 1 ) ,   and  s w i r l  

means   (15)   in  the   a n n u l a r   p a s s a g e   o p e r a b l e   to   c o a c t  

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

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

e n t e r s   t h e   c h a m b e r   (21)  w i t h   a  s p i n n i n g   a c t i o n   and  a  



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

k i n e t i c   e n e r g y ,   f o r m s   a  v o r t e x   in  t he   c h a m b e r   ( 2 1 )  

a n d ,   in   t he   a b s e n c e   of   f l u i d   e m e r g i n g   f rom  t he   i n n e r  

c o n d u i t   ( 2 2 ) ,   e m e r g e s   f rom  t h e   o p e n i n g   to  f o r m   a  h i g h  

k i n e t i c   e n e r g y   h o l l o w   c o n e   j e t   of  c l e a n i n g   f l u i d .  

12.  A  j e t   a s s e m b l y   a c c o r d i n g   to  C l a i m   1 1 ,  

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

of  f l u i d   u n d e r   p r e s s u r e   v i a   one  s h u t   o f f   v a l v e   ( 3 8 )  

and  t h e   i n n e r   c o n d u i t   (22)  i s   c o n n e c t e d   to  a n o t h e r  

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

v a l v e   ( 3 8 ) .  

13.  A  j e t   a s s e m b l y   a c c o r d i n g   to  C l a i m   1 2 ,  

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

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

14.  A  j e t   a s s e m b l y   a c c o r d i n g   to  C l a i m   12  o r  

C l a i m   13,   w h e r e i n   t h e   i n n e r   c o n d u i t   (22)  i s   a l s o  

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

s h u t   o f f   v a l v e   ( 3 8 ) .  

15.  A  j e t   a s s e m b l y   a c c o r d i n g   to  any  one  o f  

C l a i m s   12  to  14  when  a p p e n d e d   to  C l a i m   6,  w h e r e i n  

o p e r a t i o n   of  t he   s h u t   o f f   v a l v e s   (38)  i s   c o n t r o l l e d  



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

s e q u e n c e   by  o p e r a t i o n   of  t he   p r o g r a m m e d   r o b o t   ( 4 4 )  

w h i c h   c a r r i e s   t h e   j e t   a s s e m b l y   (43 ,   4 4 ) .  

16.   A  j e t   a s s e m b l y   c h a r a c t e r i s e d   in  t h a t   i t  

c o m p r i s e s   two  n o z z l e s   (29  and  31)  m o u n t e d   on  a  

m a n i f o l d   (28)  w h i c h   i s   a d a p t e d   to  be  c a r r i e d   by  a  

r o b o t ,   e a c h   n o z z l e   (29 ,   31)  b e i n g   a d a p t e d   to  e m i t   a  

j e t   of  f l u i d   t h r o u g h   an  o p e n i n g   (18)  a t   i t s   end  r e m o t e  

f r o m   t he   m a n i f o l d   ( 2 8 ) ,   t he   o p e n i n g   (18)  of   one  of  t h e  

n o z z l e s   (29,   31)  b e i n g   s p a c e d   f u r t h e r   f r o m   t h e  

m a n i f o l d   (28)  t h a n   t he   o p e n i n g   (18)  of   t h e   o t h e r   a n d  

t h e   a x i s   of  t h e   o p e n i n g   (18)  of  one  of   t h e   n o z z l e s  

(29 ,   31)  b e i n g   o b l i q u e   to  t he   a x i s   of  o p e n i n g   (18)  o f  

t h e   o t h e r   n o z z l e   (29 ,   3 1 ) .  

17 .   A  j e t   a s s e m b l y   a c c o r d i n g   to  C l a i m   1 6 ,  

w h e r e i n   e a c h   n o z z l e   (29,   31)  f o r m s   a  c h a m b e r   ( 2 1 )  

w h i c h   c o m m u n i c a t e s   w i t h   t he   r e s p e c t i v e   o p e n i n g   ( 1 8 )  

and  w h i c h   has   a  c r o s s - s e c t i o n   w h i c h   i s   l a r g e r   t h a n   t h e  

c r o s s - s e c t i o n   of   t he   r e s p e c t i v e   o p e n i n g   ( 1 8 ) ;   an  i n n e r  

c o n d u i t   (22)  h a v i n g   a  c r o s s - s e c t i o n   s m a l l e r   t h a n   t h e  

c r o s s - s e c t i o n   of   t he   r e s p e c t i v e   o p e n i n g   ( 1 8 ) ,  

c o m m u n i c a t i n g   w i t h   t h e   c h a m b e r   (21)  o p p o s i t e   t h e  

o p e n i n g   (18)  and  b e i n g   a r r a n g e d   so  as  to   f o r m   a  j e t   o f  



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

c r o s s - s e c t i o n   and  to  d i r e c t   a  j e t   s u b s t a n t i a l l y  

c o a x i a l l y   t h r o u g h   t h e   o p e n i n g   ( 1 8 ) ;   an  o u t e r   c o n d u i t  

s u r r o u n d i n g   t h e   i n n e r   c o n d u i t   (22)  and  c o o p e r a t i n g  

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

t he   i n n e r   c o n d u i t   (22)  to  t h e   c h a m b e r   ( 2 1 ) ,   and  m e a n s  

(15)  o p e r a b l e   to  c o a c t   w i t h   a  f l o w   of  f l u i d   u n d e r  

p r e s s u r e   to  t h e   c h a m b e r   (21)  t h r o u g h   the   a n n u l a r  

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

c h a m b e r   (21)  a n d ,   in  t h e   a b s e n c e   of  f l u i d   e m e r g i n g  

f r o m   t h e   i n n e r   c o n d u i t   ( 2 2 ) ,   e m e r g e s   f rom  t h e   o p e n i n g  

(18)  to   f o r m   a  h o l l o w   c o n e .  
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