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(S)  Apparatus  for  decontaminating  nuclear  steam  generators. 

©  Manipulator  apparatus  for  cleaning  a  nuclear  steam  by 
sweeping  a  spray  nozzle  (32)  about  a  pivot  mechanism  (20, 
22)  inside  a  spherical  plenum  (10)  of  the  steam  generator. 
The  nozzle  directs  a  water-grit  mixture  toward  the  inside 
surface  (12,  14,  16)  of  the  plenum  in  order  to  abrasively 
remove  contaminates  from  the  inside  surface.  The  apparatus 
uses  microprocessors  (147,  159)  to  compute  appropriate 
control  parameters  in  order  to  maintain  constant  tangential 
velocity  of  the  nozzle  in  relation  to  the  inside  surface.  The 
microprocessors  also  compute,  in  one  of  the  three  modes  of 

•  operation,  appropriate  control  parameters  for  maintaining  a 
j  predetermined  distance  between  the  nozzle  and  the  surface 
'  to  be  cleaned  so  as  to  provide  adequate  cleaning  of  the 

surface  but  no  damage  thereto. 
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This   i n v e n t i o n   r e l a t e s   to   d e c o n t a m i n a t i o n   a p p a -  
r a t u s   and  more  p a r t i c u l a r l y   to   a p p a r a t u s   f o r   d e c o n t a m i n a t -  

ing   c o m p o n e n t s   of  n u c l e a r   power   p l a n t s .  

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

s i m i l a r   a p p a r a t u s ,   c e r t a i n   c o m p o n e n t s   become  e x p o s e d   t o  

r a d i a t i o n   and  may  d e v e l o p   a  t h i n   r a d i o a c t i v e   f i l m   on  t h e  

s u r f a c e   of  t he   c o m p o n e n t .   From  t i m e   to  t i m e ,   i t   is  n e c e s -  

s a r y   to  e i t h e r   i n s p e c t   or  r e p a i r   t h e s e   c o m p o n e n t s   of  t h e  

n u c l e a r   r e a c t o r   power   p l a n t .   D u r i n g   the   i n s p e c t i o n   o r  

r e p a i r   of  t h e   c o m p o n e n t s ,   i t   i s   n e c e s s a r y   f o r   w o r k i n g   p e r -  
s o n n e l   to  e n t e r   t h e   c o m p o n e n t   or  t o  b e   s t a t i o n e d   in  c l o s e  

p r o x i m i t y   to  t h e   c o m p o n e n t   w h e r e b y   w o r k i n g   p e r s o n n e l   may 
be  e x p o s e d   to  r a d i a t i o n   e m i t t e d   from  the   c o n t a m i n a t e d  

c o m p o n e n t .   In  some  c i r c u m s t a n c e s ,   t h e   r a d i a t i o n   f i e l d  

e m i t t e d   from  t h e s e   c o m p o n e n t s   i s   such   t h a t   a  w o r k e r   w o u l d  

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

t h a n   f i v e   m i n u t e s   of  w o r k i n g   t i m e .   Such  a  s i t u a t i o n   m e a n s  
t h a t   a  g i v e n   w o r k e r   may  s p e n d   o n l y   a  r e l a t i v e l y   s h o r t  

amoun t   of  t ime   w o r k i n g   on  t h e   i n s p e c t i o n   or  the   r e p a i r  

o p e r a t i o n   of  t h e   n u c l e a r   c o m p o n e n t .   Hav ing   each  w o r k e r  

s p e n d   a  r e l a t i v e l y   s h o r t   amoun t   of  t i m e   in  t he   r e p a i r   o r  

i n s p e c t i o n   p r o c e d u r e ,   n e c e s s i t a t e s   t h e   use  of  many  w o r k e r s  

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

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

a c c e p t a b l e   p r a c t i c e   f o r   m i n o r   i n s p e c t i o n s   or  r e p a i r   p r o -  
c e d u r e s ,   t h i s   i s   no t   an  a c c e p t a b l e   p r a c t i c e   where   t h e r e   i s  

an  e x t e n s i v e   i n s p e c t i o n   or  an  e x t e n s i v e   r e p a i r   job  to  b e  

p e r f o r m e d .   Where  t h e   p r o c e d u r e   to  be  p e r f o r m e d   is  a  



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

l a r g e   number   of  h i g h l y   t r a i n e d   p e r s o n n e l   would   be  n e c e s -  

s a r y   to   c a r r y   ou t   t h e   t a s k .   Such  a  s i t u a t i o n   may  no t   o n l y  
be  u n a c c e p t a b l e   f rom  a  f i n a n c i a l   a s p e c t ,   bu t   may  a l s o   b e  

u n a c c e p t a b l e   f rom  a  m a n p o w e r   l e v e l   a s p e c t .   T h e r e f o r e ,  

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

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

p l a n t s   so  t h a t   w o r k i n g   p e r s o n n e l   may  p e r f o r m   o p e r a t i o n s  

t h e r e o n .  

A p p a r a t u s   has   b e e n   d e s c r i b e d   in   c o p e n d i n g   U . S .  

p a t e n t   a p p l i c a t i o n   S e r i a l   No.  6 3 , 3 2 4   f i l e d   J u l y   8,  1979  i n  

t h e   name  of  W o j c i k   e t   a l .   f o r   r e m o t e l y   d i r e c t i n g   a  w a t e r -  

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

t h r o u g h   a  n o z z l e ,   f o r   e x a m p l e ,   s u s p e n d e d   from  t h e   t u b e -  

s h e e t   of  a  s t e a m   g e n e r a t o r .   H o w e v e r ,   t h e   p o s i t i o n   a n d  

t a n g e n t i a l   v e l o c i t y   of  t h e   n o z z l e   in  r e l a t i o n   to   t h e  

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

so  t h a t   t h e   f o r c e   of  t h e   w a t e r - g r i t   m i x t u r e   is   s u f f i c i e n t  

to   p r o v i d e   a d e q u a t e   c l e a n i n g   and  d e c o n t a m i n a t i o n   b u t   n o t  

e n o u g h   to   damage  t h e   s u r f a c e   of  t h e   c o m p o n e n t .   I n a d e q u a t e  

c l e a n i n g   and  d e c o n t a m i n a t i o n   may  o c c u r   i f   t h e   v e l o c i t y   o f  

t h e   n o z z l e   i s   t o o   h i g h   a n d / o r   i f   t h e   n o z z l e   i s   t oo   f a r  

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

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

a t e d   may  a l s o   r e s u l t   i f   t he   n o z z l e   v e l o c i t y   is  t oo   low  o r  

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

to  be  d e c o n t a m i n a t e d .  

In  a c c o r d a n c e   w i t h   t h e   t e a c h i n g s   of  t h e   p r e s e n t  

i n v e n t i o n ,   m a n i p u l a t o r   a p p a r a t u s   and  a  m a n i p u l a t o r   c o n t r o l  

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

m e c h a n i s m   i n s i d e   a  s p h e r i c a l   e n c l o s u r e ,   f o r   e x a m p l e ,  

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

g e n e r a t o r .   Means  a r e   a t t a c h e d   to   t h e   n o z z l e   f o r   d i r e c t i n g  

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

i n l e t   or  o u t l e t   p l e n u m   in  o r d e r   to   d e c o n t a m i n a t e   t h e  

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

c o n t a m i n a t e s   f rom  t h e  i n s i d e   s u r f a c e .  



The  c o n t r o l   s y s t e m   i n c l u d e s   v e l o c i t y   means  f o r  

g o v e r n i n g   t he   v e l o c i t y   of  t he   n o z z l e   so  t h a t   t he   t a n g e n -  

t i a l   v e l o c i t y   of  t h e   n o z z l e ,   t h a t   i s ,   t h e   v e l o c i t y   of  t h e  

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

a t   a  p r e d e t e r m i n e d   m a g n i t u d e .   The  p r e d e t e r m i n e d   t a n g e n -  

t i a l   v e l o c i t y   may  be  any  v e l o c i t y   w i t h i n   a  r a n g e   of  v e l o -  

c i t i e s   c h o s e n   to  be  of  a  m a g n i t u d e   g r e a t   enough   so  t h a t  

t h e   s u r f a c e s   to  be  c l e a n e d   a re   no t   d a m a g e d   by  a  p r o l o n g e d  

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

low  e n o u g h   so  t h a t   t h e   e x p o s u r e   of  t h e   s u r f a c e s   to  b e  

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

D i s t a n c e   means  a r e   a l s o   i n c l u d e d   in   t h e   c o n t r o l   s y s t e m   f o r  

a d j u s t i n g   t h e   d i s t a n c e   b e t w e e n   t h e   n o z z l e   and  the   p i v o t  

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

In  one  mode  of  o p e r a t i o n ,   r e f e r r e d   to  as  t h e  

bowl   c l e a n i n g   mode,  t h e   d i s t a n c e   means   o p e r a t e s   so  as  t o  

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

c e n t e r   of  t he   i n l e t   or  o u t l e t   p l e n u m   and  t h e   n o z z l e .   I n  

two  o t h e r   modes  of  o p e r a t i o n ,   r e f e r r e d   to  as  t h e   d i v i d e r  

p l a t e   c l e a n i n g   mode  and  t h e   t u b e s h e e t   c l e a n i n g   mode,  t h e  

d i s t a n c e   means  o p e r a t e s   to  p e r i o d i c a l l y   a d j u s t   t he   d i s -  

t a n c e   b e t w e e n   t h e   s p h e r i c a l   c e n t e r   and  t he   n o z z l e   by  a  

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

In  t h e   bowl  c l e a n i n g   mode,   t h e   p r e d e t e r m i n e d  

d i s t a n c e   r e f e r r e d   to  may  be  any  d i s t a n c e   w i t h i n   a  r a n g e   o f  

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

c l e a n e d   and  the   n o z z l e   is   l a r g e   e n o u g h   so  t h a t   t he   s u r f a c e  

to   be  c l e a n e d   i s   no t   damaged   by  an  e x a g g e r a t e d   m a g n i t u d e  

of  p r e s s u r e   f rom  t h e   w a t e r - g r i t   m i x t u r e   d i r e c t e d   by  t h e  

n o z z l e   bu t   is   a  d i s t a n c e   s m a l l   e n o u g h   so  t h a t   t he   p r e s s u r e  
e x e r t e d   on  the   s u r f a c e   is   g r e a t   e n o u g h   to   a d e q u a t e l y   c l e a n  

or   d e c o n t a m i n a t e   t h e   s u r f a c e   to   be  c l e a n e d .   L i k e w i s e ,   i n  

t h e   t u b e s h e e t   a n d  d i v i d e r   p l a t e   c l e a n i n g   modes  the   n o z z l e  

i s   m a i n t a i n e d   a t   a  d i s t a n c e   w i t h i n   a  r a n g e   of  d i s t a n c e s  

f rom  t h e   s u r f a c e s   to  be  c l e a n e d   so  t h a t   t h e r e   is  a d e q u a t e  

c l e a n i n g   of  t he   s u r f a c e   to   be  c l e a n e d   b u t   no  damage  t h e r e -  

t o .  



The  i n v e n t i o n   w i l l   become  r e a d i l y   a p p a r e n t   f r o m  

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

t h e r e o f   when  t a k e n   in   c o n j u n c t i o n   w i t h   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  shows  a p p a r a t u s   c o n t e m p l a t e d   f o r   use   i n  

c o n n e c t i o n   w i t h   t h e   c o n t r o l   s y s t e m   of  t h e   p r e s e n t   i n v e n -  

t i o n ;  

F i g u r e s   2,  3,  and  4  show  b r o a d   b l o c k   d i a g r a m s   o f  

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

d e g r e e s   of  d e t a i l ;   a n d  

F i g u r e s   5,  6,  7,  and  8,  show  more   d e t a i l e d   b l o c k  

d i a g r a m s   of  s e l e c t e d   ones   of  t he   f u n c t i o n a l   b l o c k s   i n  

F i g u r e s   2  t h r o u g h   4 .  

F i g u r e   1  shows  a  p r i m a r y   i n l e t   p l e n u m   10  of  a  

n u c l e a r   s t e a m   g e n e r a t o r   ( n o t   shown)  h a v i n g   a  g e n e r a l l y  

s p h e r i c a l   s h a p e .   The  i n l e t   p l e n u m   10  i s   c h a r a c t e r i z e d   b y  

a  c e n t e r   11,  a  c u r v e d   i n s i d e   (bowl )   s u r f a c e   12,  a  d i v i d e r  

p l a t e   14  and  s u r f a c e ,   and  a  t u b e s h e e t   16  and   s u r f a c e .   As 

i s   w e l l   u n d e r s t o o d   in   t h e   a r t ,   t h e   t u b e s h e e t   16  is   g e n e r -  

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

t u b e   b u n d l e   t h r o u g h   w h i c h   a  f l u i d   may  f l o w .   The  d i v i d i n g  

p l a t e   14  d e f i n e s   t h e   p r i m a r y   i n l e t   and  o u t l e t   p l e n u m s   o f  

t h e   n u c l e a r   s t e a m   g e n e r a t o r   ( no t   shown)  of  w h i c h   o n l y  t h e  

p r i m a r y   i n l e t   p l e n u m   10  i s   shown  in  F i g u r e   1 .  

A p p a r a t u s   f o r   c l e a n i n g   t h e   s u r f a c e s   12,  14,  a n d  

16  i n c l u d e   a  c o n t r o l   arm  18  m o u n t e d   i n s i d e   t h e   s p h e r i c a l  

e n c l o s u r e   10  on  a  p i v o t   m e c h a n i s m   20,  w h i c h   p i v o t   20  i s  

s u p p o r t e d   f rom  t h e   t u b e s h e e t   16  by  a  s u p p o r t   a p p a r a t u s   2 2 .  

The  i l l u s t r a t e d   e m b o d i m e n t   of  t he   c o n t r o l   arm  18  i n c l u d e s  

a  s u p p o r t   arm  24  e x t e n d i n g   d i r e c t l y   from  t h e   p i v o t   m e c h a n -  

ism  20.  A  n o z z l e   s u p p o r t   c a r r i a g e   26  i s   s l i d a b l y   m o u n t e d  

on  t h e   s u p p o r t   arm  24.  A  c a r r i a g e   s t o p   28  i s   m o u n t e d   o n  

t h e   s u p p o r t   arm  24  n e a r   t h e   p i v o t   m e c h a n i s m   20  in   o r d e r   t o  

p r e v e n t   t h e   s u p p o r t   c a r r i a g e   26  f rom  c o m i n g   t o o   c l o s e   t o  

t h e   p i v o t   s u p p o r t   m e c h a n i s m   20.  A  n o z z l e   e x t e n s i o n   arm  30 

h a v i n g   a  n o z z l e   end  31  i s   s l i d a b l y   m o u n t e d   on  t h e   n o z z l e  

s u p p o r t   c a r r i a g e   26.  Means  i n c l u d i n g   a  n o z z l e   c o n f i g u r a -  



t i o n   32  and  f l e x i b l e   c o n d u i t s   34  a r e   p r o v i d e d   moun ted   o n  

t h e   n o z z l e   e x t e n s i o n   arm  30  f o r   c l e a n i n g   s u r f a c e s   s u r -  

r o u n d i n g   t h e   p l e n u m   10  by  d i r e c t i n g   a  w a t e r - g r i t   m i x t u r e  

h a v i n g   a  c o n s t a n t   p r e s s u r e   o n t o   t h e   s u r f a c e s   to  be  c l e a n -  

ed ,   i . e . ,   s u r f a c e s   12,  14,  and  16.  The  c o n d u i t   34  s e r v e s  

as  a  means  to  c o n d u c t   t h e   w a t e r - g r i t   m i x t u r e   f rom  a  s o u r c e  

to   t h e   n o z z l e   c o n f i g u r a t i o n   3 2 .  

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

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

d i s t a n c e   from  t h e   c e n t e r   11  of  t h e   s p h e r i c a l   e n c l o s u r e   t o  

t h e   p o i n t   21  of  a t t a c h m e n t   of  t h e   p i v o t   s u p p o r t   m e c h a n i s m  

22,  t h e   d i s t a n c e   from  t h e   p o i n t   21  of  a t t a c h m e n t   to  t h e  

c e n t e r   of  the   p i v o t   m e c h a n i s m   20,  t h e   d i s t a n c e   from  t h e  

c e n t e r   of  t he   p i v o t   m e c h a n i s m   20  to   t h e   c a r r i a g e   26,  t h e  

d i s t a n c e   from  t h e   c a r r i a g e   26  to   t h e   n o z z l e   end  31,  a n d  

.  t h e   o f f s e t   d i s t a n c e   from  t h e   n o z z l e   end  31  to   t h e   s u p p o r t  

arm  2 4 .  

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

F i g u r e   1  is   shown  in  F i g u r e   2  f o r   d e f i n i n g   i m p o r t a n t  

r e l a t i o n s h i p s .   As  shown  in  F i g u r e   2,  t h e   f o l l o w i n g   v a r i -  

a b l e s   a r e   d e f i n e d :  

a  =   t h e   v e r t i c a l   d i s t a n c e   from  t h e   c e n t e r   o f  

the   i n l e t   p l e n u m   10  to   t he   c e n t e r   of  t h e  

p i v o t   m e c h a n i s m   2 0 ;  

b  =   t he   h o r i z o n t a l   d i s t a n c e   from  t h e   c e n t e r   11  

of  t h e   i n l e t   p l e n u m   10  to   t h e   c e n t e r   of  t h e  

p i v o t   m e c h a n i s m   2 0 ;  

c  =   t h e   p e r p e n d i c u l a r   d i s t a n c e   f rom  t h e   c e n t e r  

l i n e   of  t h e   c o n t r o l   arm  18  to  t h e   n o z z l e  

end  3 1 ;  

r '  =   t h e   l i n e a r   r a d i u s   of  t h e   n o z z l e   end  31  i n  

r e l a t i o n   to  t h e   p i v o t   m e c h a n i s m   20,  i . e . ,  

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

r  =   t he   d i s t a n c e   f rom  t h e   p i v o t   m e c h a n i s m   20  t o  

a  p e r p e n d i c u l a r   l i n e   p r o j e c t e d   from  t h e  

c o n t r o l   arm  18  to   t h e   n o z z l e   end  3 1 ;  

R  =  t h e   f i x e d   d i s t a n c e   in  t h e   bowl  c l e a n i n g  

mode  b e t w e e n   t h e   c e n t e r   11  of  t h e   i n l e t  

p l enum  10  and  t h e   n o z z l e   end  3 1 ;  



6  =  t h e   a n g l e  o f   h o r i z o n t a l   movement   of  t h e  

c o n t r o l   arm  18,  in  t h e   c a s e   of  F i g u r e   2 ,  

g o i n g   i n t o   and  c o m i n g   o u t   of  t h e   p a p e r ;  
=  t h e   a n g l e   of  v e r t i c a l   movemen t   of  t h e  

c o n t r o l   arm  18,  in  t h e   c a s e   of  F i g u r e   2,  i n  

t h e   p l a n e   o f  t h e   p a p e r ;  
r ' c o s φ  =   t h e   e f f e c t i v e   r a d i u s   of  t h e   n o z z l e   end  3 1 .  

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

m o s t   i m p o r t a n t   v a r i a b l e s ,   r  a n d   r ' c o s o   a r e :  

w h e r e   B  =  a  s i n  φ   +  b  c o s ø   s i n   @ 

a n d  

F i g u r e   3  shows  a  m a n i p u l a t o r   35  p r o v i d e d   f o r  

c o n t r o l l i n g   t h e   s p e e d   and  d i r e c t i o n   of  movement   of  t h e  

c o n t r o l   arm  18  a b o u t   t h e   p i v o t   m e c h a n i s m   20  v i a   a  c o n t r o l  

s i g n a l   51  and  f o r   a d j u s t i n g   t h e   p o s i t i o n   of  t he   n o z z l e  

s u p p o r t   c a r r i a g e   26  on  t h e   c o n t r o l   arm  24  v i a   a  c o n t r o l  

s i g n a l   39  in  r e s p o n s e   to   i n i t i a t i o n   s i g n a l s   61  and  62.  As 

shown  in  F i g u r e   3,  t h e   m a n i p u l a t o r   35  i n c l u d e s   a  c a r r i a g e  

f e e d b a c k   c o n t r o l   w i t h i n   t h e   l i n e s   a t   36  f o r   a d j u s t i n g   t h e  

p o s i t i o n   of  t h e   n o z z l e   s u p p o r t   c a r r i a g e   26  and  a l s o   i n -  

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

38  f o r   c o n t r o l l i n g   t h e   s p e e d   and  d i r e c t i o n   of  movement   o f  

t h e   c o n t r o l   arm  18  a b o u t   t he   p i v o t   m e c h a n i s m   20.  T h e  

i n i t i a t i o n   s i g n a l s   61  and  62  a r e   o n l y   f o r   t h e   p u r p o s e   o f  

i n i t i a t i n g   m o t i o n   of  t h e   c a r r i a g e   26  and  t h e   c o n t r o l   .arm 

1 8 .  

Once  m o t i o n   i s   i n i t i a t e d   by  t h e   i n i t i a t i o n  

s i g n a l s   61  and  62,  t h e   d i r e c t i o n ,   v e l o c i t y ,   and  e x t e n t   o f  

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

c o n t r o l   38  and  t he   c a r r i a g e   c o n t r o l   36.  The  c a r r i a g e  

c o n t r o l   means  36  and  t h e   s u p p o r t   arm  c o n t r o l   means  38  may 
be  s u i t a b l y   o p e r a t e d   by  i n i t i a t i o n   s i g n a l s   61  and  62  t o  

s y s t e m a t i c a l l y   c l e a n   or  d e c o n t a m i n a t e   any  of  t he   t h r e e  



s u r f a c e s   s u r r o u n d i n g   t h e   p r i m a r y   i n l e t   p l e n u m   10,  t h a t   i s ,  

t h e   s u r f a c e s   12,  14,  and  1 6 .  

The  c a r r i a g e   c o n t r o l l e r   36  i n c l u d e s   a  c a r r i a g e  

p o s i t i o n   m o t o r   40  s u i t a b l y   m o u n t e d   on  the   n o z z l e   s u p p o r t  

c a r r i a g e   26  f o r   a d j u s t i n g   t h e   p o s i t i o n   of  t he   n o z z l e  

s u p p o r t   c a r r i a g e   26  on  t h e   s u p p o r t   arm  24  in  o r d e r   t h a t  

t h e   n o z z l e   c o n f i g u r a t i o n   32  i s   no t   t oo   c l o s e   to  nor   t o o  

f a r   f rom  the   bowl  s u r f a c e   12.  Any  a d j u s t m e n t   by  the   m o t o r  

40  c a u s i n g   t h e   n o z z l e   c o n f i g u r a t i o n   32  to   be  t o o   c l o s e   t o  

t h e   bowl  s u r f a c e   12  may  damage  t h e   s u r f a c e   12  by  e x p o s i n g  

t h e   bowl  s u r f a c e   12  to   an  e x t r e m e   p r e s s u r e   from  t h e   w a t e r -  

g r i t   m i x t u r e .   C o n v e r s e l y ,   any  a d j u s t m e n t   by  t h e   m o t o r   40 

c a u s i n g   t h e   n o z z l e   c o n f i g u r a t i o n   to  be  t oo   f a r   from  t h e  

bowl  s u r f a c e   12  may  no t   e x p o s e   t h e   s u r f a c e   12  to  s u f f i -  

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

c l e a n   t h e   s u r f a c e   12.  A  p o s i t i o n   c o n t r o l   means  41  i s  

r e s p o n s i v e   to  f e e d b a c k   s i g n a l   42  f rom  t he   m o t o r   40  and  t o  

t h e   i n i t i a t i o n   s i g n a l   61  f o r   p r o v i d i n g   a  c o n t r o l   s i g n a l   43 

f o r   c o n t r o l l i n g   t h e   s p e e d   and  d i r e c t i o n   of  movement   of  t h e  

m o t o r . 4 0 .  

The  s u p p o r t   arm  f e e d b a c k   c o n t r o l   means  38  i n -  

c l u d e s   a  motor   means   50  s u i t a b l y   m o u n t e d   r e l a t i v e   to  t h e  

p i v o t   m e c h a n i s m   20  f o r   p r o v i d i n g   an  o u t p u t   s i g n a l   51  f o r  

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

t h e   c o n t r o l   arm  18  a b o u t   t h e   p i v o t   m e c h a n i s m   20.  I n  

p a r t i c u l a r ,   t he   p i v o t a l   movement   of  t he   c o n t r o l   arm  18 

o c c u r s   in  t h e   h o r i z o n t a l   p l a n e   as  m e a s u r e d   by  an  a n g l e   0 

and  in   t he   v e r t i c a l   p l a n e   as  m e a s u r e d   by  an  a n g l e   95. 

P o s i t i o n   c o n t r o l   means  52  and  v e l o c i t y   c o n t r o l   means  53  

a r e   r e s p o n s i v e   to  a  f e e d b a c k   s i g n a l   54  from  the   o u t p u t   o f  

t h e   m o t o r   50  and  to  t h e   i n i t i a t i o n   s i g n a l   62  f o r   p r o v i d i n g  

p o s i t i o n   c o n t r o l   s i g n a l s   55  and  v e l o c i t y   c o n t r o l   s i g n a l  

56,  r e s p e c t i v e l y ,   in   o r d e r   to  c o n t r o l   t h e   s p e e d   and  d i r e c -  

t i o n   of  movement   o f   t h e   mo to r   means  50.  The  s u p p o r t   a r m  

v e l o c i t y   c o n t r o l   means  53  i s   s i g n i f i c a n t   in  t h a t   i t   c o n -  

t r o l s   t he   a n g u l a r   v e l o c i t y   of  t he   c o n t r o l   arm  18  to  b e  

w i t h i n   a  r ange   of  a n g u l a r   v e l o c i t i e s   n e i t h e r   too   f a s t   n o r  



t o o   s l o w .   Any  a n g u l a r   v e l o c i t y   t o o   s low  may  c a u s e   d a m a g e  

to   t h e   s u r f a c e s   to   be  c l e a n e d ,   i . e . ,   s u r f a c e s   12,  14  a n d  

16,  by  e x p o s i n g   t h e   s u r f a c e s   to   an  e x t r e m e   p r e s s u r e   f r o m  

t h e   w a t e r - g r i t   m i x t u r e .   C o n t r a r i w i s e ,   any  a n g u l a r   v e l o -  

c i t y   t o o   f a s t   may  n o t   e x p o s e   t h e   s u r f a c e   12  to   s u f f i c i e n t  

p r e s s u r e   from  t h e   w a t e r - g r i t   m i x t u r e   to   a d e q u a t e l y   c l e a n  

t h e   s u r f a c e   1 2 .  

I n i t i a t i o n   means  60  p r o v i d e s   t h e   i n i t i a t i o n  

s i g n a l s   61  and  62,  g e n e r a l l y   s i m u l t a n e o u s l y ,   and  may 
i n c l u d e   means  f o r   m a n u a l l y   p r o v i d i n g   t h e   i n i t i a t i o n   s i g -  

n a l s   61  and  62,  f o r   e x a m p l e ,   a  c o n t r o l   c o n s o l e   or  p a n e l  

h a v i n g   c o n t r o l s   m a n u a l l y   a d j u s t e d   by  an  o p e r a t o r .   T h e  

i n i t i a t i o n   means  60  may  a l t e r n a t i v e l y   or  a d d i t i o n a l l y  

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

s i g n a l s   61  and  62,  f o r   e x a m p l e ,   a  m i c r o p r o c e s s o r   h a v i n g  

p r o g r a m m e d   t h e r e i n   i n s t r u c t i o n s   f o r   p r o v i d i n g   s i g n a l s   61  

and   62  in  a  p r o p e r   s e q u e n c e .  
The  i n i t i a t i o n   means  60  i s   o p e r a t i v e   w h e t h e r  

m a n u a l l y   or  a u t o m a t i c a l l y   to  p r o v i d e   a t   l e a s t   t h r e e   p o s -  
s i b l e   modes  of  c l e a n i n g   o p e r a t i o n ,   one  f o r   each   of  t h e  

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

14,  t h e   bowl  s u r f a c e  1 2 ,   and  t h e   t u b e s h e e t   s u r f a c e   16.  I n  

a  f i r s t   mode  of  o p e r a t i o n   r e f e r r e d   to   as  t h e   b o w l - c l e a n i n g  

mode ,   t h e   n o z z l e   c o n f i g u r a t i o n   32  i s   s w e p t   a l o n g   h o r i z o n -  

t a l   and  v e r t i c a l   p a t h s   f o r   c l e a n i n g   t h e   bowl  s u r f a c e   1 2 .  

In  a  s e c o n d   mode  of  o p e r a t i o n ,   r e f e r r e d   to   as  t h e   t u b e -  

s h e e t   c l e a n i n g   mode,   t h e   c o n t r o l   arm  18  is   p o s i t i o n e d  

h o r i z o n t a l l y   and  t h e   n o z z l e   c o n f i g u r a t i o n   32  i s   p o i n t e d  

u p w a r d   in  o r d e r   to   d i r e c t   t he   w a t e r - g r i t   m i x t u r e   o n t o   t h e  

t u b e s h e e t   s u r f a c e   16.  The  c o n t r o l   arm  18  s w e e p s   a b o u t   t h e  

p i v o t   m e c h a n i s m   20  in  a  h o r i z o n t a l   d i r e c t i o n   and  t h e  

s u p p o r t   c a r r i a g e   26  i n c r e m e n t a l l y   a d j u s t s   a l o n g   t h e   c o n -  

t r o l   arm  18  in  o r d e r   to  c o m p l e t e l y   e x p o s e   t he   t u b e   s h e e t  

s u r f a c e   16  to  t h e   w a t e r - g r i t   m i x t u r e .   In  a  t h i r d   mode  o f  

o p e r a t i o n ,   r e f e r r e d   to  as  t he   d i v i d e r   p l a t e   c l e a n i n g   m o d e ,  

t h e   c o n t r o l   arm  18  i s   f i x e d   in   p o s i t i o n   a t   t he   end  of  a  

h o r i z o n t a l   a n g u l a r   p a t h   such   t h a t   t h e   n o z z l e   c o n f i g u r a t i o n  



32  i s   c l o s e   to   and  p o i n t i n g   in   t h e   d i r e c t i o n   of  t h e   d i v i -  

d e r   p l a t e   s u r f a c e   14.  In  o r d e r   to   c o m p l e t e l y   e x p o s e   t h e  

d i v i d e r   p l a t e   s u r f a c e   14  to   t h e   w a t e r - g r i t   m i x t u r e ,   t h e  

c o n t r o l   arm  18  is   s w e p t   t h r o u g h   a  v e r t i c a l   a n g u l a r  p a t h  

and   t h e   s u p p o r t   c a r r i a g e   26  i s   i n c r e m e n t a l l y   a d j u s t e d  

a l o n g   t h e   t o t a l   l e n g t h   of  t h e   s u p p o r t   arm  18.  Means  may 
be  i n c l u d e d   in  t h e   i n i t i a t i o n   means  60  f o r   a u t o m a t i c a l l y  

or  m a n u a l l y   s e l e c t i n g   one  of  t h e   t h r e e   modes ,   i . e . ,   e i t h e r  

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

mode,   or  t h e   b o w l - c l e a n i n g   mode.   M a n u a l l y   o p e r a t e d  
s w i t c h e s   may  be  p r o v i d e d   so  as  to   a l l o w   m a n u a l   c o n t r o l   b y  

an  o p e r a t o r   of  t h e   s e q u e n c e   of  m o v e m e n t   of  t he   c o n t r o l   a r m  

18  and  t h e   s u p p o r t   c a r r i a g e   26,  o r ,   a u t o m a t i c   s e q u e n c i n g  

may  be  p e r f o r m e d   by  a  m i c r o p r o c e s s o r   h a v i n g   t h e r e i n   a p p r o -  
p r i a t e   i n s t r u c t i o n s .  

In  F i g u r e   4,  t h e   c a r r i a g e   f e e d b a c k   c o n t r o l   3 6  o f  

F i g u r e   3  i n c l u d e s ,   more  s p e c i f i c a l l y ,   a  p r o p o r t i o n a l  

f e e d b a c k   c o n t r o l   68,  a  f u n c t i o n   g e n e r a t o r   69  and  a  s e t  

p o i n t   m o d u l e   70.  The  p r o p o r t i o n a l   f e e d b a c k   c o n t r o l   68 

p r o v i d e s   t h e   c o n t r o l   s i g n a l   39  to   t h e   c o n t r o l  a r m   18  a n d  

an  o u t p u t   s i g n a l  7 4   to  t h e   f u n c t i o n   g e n e r a t o r   69  in  r e -  

s p o n s e   to  an  o u t p u t   s i g n a l   75  f rom  t h e   s e t   p o i n t   m o d u l e  

70.  A l so   in  F i g u r e   4,  t h e   s u p p o r t   arm  f e e d b a c k   c o n t r o l  

38  of  F i g u r e   2  i n c l u d e s   p r o p o r t i o n a l   f e e d b a c k   c o n t r o l s   77 

and  78,  t h e   f u n c t i o n   g e n e r a t o r   69,  and  t h e   s e t   p o i n t  

m o d u l e   70.  The  p r o p o r t i o n a l   f e e d b a c k   c o n t r o l   77  i s   r e -  

s p o n s i v e   to   t h e   s i g n a l   75  f o r   p r o v i d i n g   a  h o r i z o n t a l  

p o s i t i o n   s i g n a l   82  to   t h e   f u n c t i o n   g e n e r a t o r   69  and  a  

h o r i z o n t a l   (6  a x i s )   c o n t r o l   s i g n a l   80  to   t he   c o n t r o l   a r m  

18  f o r   c o n t r o l l i n g   t h e   s p e e d   of  movement   in  t h e   c o n t r o l  

arm  18  in  a  h o r i z o n t a l   d i r e c t i o n .   The  p r o p o r t i o n a l   f e e d -  

back   c o n t r o l   78  p r o v i d e s   in  r e s p o n s e   to   t h e   s i g n a l   75  a  

v e r t i c a l   p o s i t i o n   s i g n a l   84  to   t h e   f u n c t i o n   g e n e r a t o r   69 

and  a  v e r t i c a l   (0  a x i s )   c o n t r o l   s i g n a l   86  to  t h e   c o n t r o l  

arm  18  f o r   c o n t r o l l i n g   t h e   s p e e d   of  movement   of  t he   c o n -  

t r o l   arm  18  in  a  v e r t i c a l   d i r e c t i o n .   The  f u n c t i o n   g e n e r -  

a t o r   69  p r o v i d e s   an  o u t p u t   s i g n a l   88  to  t he   s e t   p o i n t  



m o d u l e   70  p r o p o r t i o n a l   to   t h e   c o m p u t e d   commanded   p o s i t i o n  

of  t h e   n o z z l e   end   3 1 .  

F i g u r e   5  shows  t h e   m a n i p u l a t o r   35  of  F i g u r e   3  i n  

s t i l l   g r e a t e r   d e t a i l .   In  F i g u r e   5,  t h e   m o t o r   means   50  o f  

F i g u r e   3  i n c l u d e s   h o r i z o n t a l   and  v e r t i c a l   p i v o t   e l e c t r i c  

m o t o r s   91  and  92,  r e s p e c t i v e l y .   Means  93  and  94  a r e  

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

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

h o r i z o n t a l   p i v o t   m o t o r . 9 1 .   Means  95  and  96  a r e   i n c l u d e d  

f o r   s e n s i n g   t h e   v e r t i c a l   a n g u l a r   (φ)  v e l o c i t y   and  t h e  

v e r t i c a l   a n g u l a r   p o s i t i o n   ( 0 ) ,   r e s p e c t i v e l y ,   of  t h e   v e r t i -  

c a l   p i v o t   m o t o r   92.  The  a n g u l a r   v e l o c i t y   s e n s i n g   means  93  

can   b e ,   f o r   e x a m p l e ,   means  f o r   m e a s u r i n g   t h e   b a c k   emf  o f  

t h e   h o r i z o n t a l   p i v o t   mo to r   91  and  t h e   a n g u l a r   v e l o c i t y  

s e n s i n g   means  95  can   be ,   f o r   e x a m p l e ,   a  t a c h o m e t e r .   M e a n s  

i n c l u d i n g   a  p o t e n t i o m e t e r   97  a r e   i n c l u d e d   f o r   s e n s i n g   t h e  

l i n e a r   p o s i t i o n   of  t h e   c a r r i a g e   26  on  t h e   s u p p o r t   arm  24  

as  d e t e r m i n e d   by  t h e   c a r r i a g e   p o s i t i o n   m o t o r   40.  T h e  

l i n e a r   v e l o c i t y   of  t h e   c a r r i a g e   p o s i t i o n   m o t o r   40  i s   n o t  

c o n t r o l l e d   e x t e r n a l l y .  

R e f e r r i n g   to   F i g u r e   6,  t h e   m o v e m e n t   and  s p e e d   o f  

m o v e m e n t   of  t h e   h o r i z o n t a l   p i v o t   m o t o r   91  a r e   c o n t r o l l e d  

by  a  h o r i z o n t a l   p o s i t i o n   (0)  c o n t r o l   s i g n a l   101  f rom  a  

h o r i z o n t a l   p r o p o r t i o n a l   c o n t r o l l e r   m o d u l e   103  in   r e s p o n s e  

to   f e e d b a c k   from  h o r i z o n t a l   s e n s i n g   means   93  and  94  a n d  

from  a  h o r i z o n t a l   p o s i t i o n   (@)  sweep  or  command  s i g n a l   1 0 5  

and  an  a n g u l a r   v e l o c i t y   command  s i g n a l   107 .   The  h o r i z o n -  

t a l   c o n t r o l l e r   m o d u l e   103  in  c o n j u n c t i o n   w i t h   t h e   h o r i z o n -  

t a l   p i v o t   m o t o r   91  g o v e r n s   t h e   movemen t   of  t h e   c o n t r o l   a r m  

18  in  t h e   h o r i z o n t a l   (@)  d i r e c t i o n   e s s e n t i a l l y   in  r e s p o n s e  
to   t h e   h o r i z o n t a l   command  s i g n a l s ,   t h a t   i s ,   h o r i z o n t a l  

v e l o c i t y   s i g n a l   107  and  h o r i z o n t a l   p o s i t i o n   (9)  s i g n a l  

105.  The  h o r i z o n t a l   a n g u l a r   v e l o c i t y   f e e d b a c k   s i g n a l   93  

and  t h e   h o r i z o n t a l   a n g u l a r   p o s i t i o n   (6)  f e e d b a c k   s i g n a l   82  

p r o v i d e   an  i n d i c a t i o n   of  t h e   a c t u a l   h o r i z o n t a l   a n g u l a r  

v e l o c i t y   and  a c t u a l   h o r i z o n t a l   a n g u l a r   p o s i t i o n   9  of  t h e  

h o r i z o n t a l   p i v o t   m o t o r   91.  The  c o n t r o l l e r   m o d u l e   103  i s  



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

h o r i z o n t a l   a n g u l a r   p o s i t i o n   (0)  of  t h e   h o r i z o n t a l   p i v o t  

m o t o r   91  i n   o r d e r   to   c a u s e   t h e   a p p r o p r i a t e   h o r i z o n t a l  

f e e d b a c k   and  command  s i g n a l s   to   ma tch   each   o t h e r .  

The  h o r i z o n t a l   p o s i t i o n   (0)  s i g n a l   105  can  b e ,  

f o r   e x a m p l e ,   a  s t e p   f u n c t i o n   s i g n a l   in  t h e   bowl  and  t u b e  

s h e e t   c l e a n i n g   modes  h a v i n g   one  s t a t e   i n d i c a t i v e   of  t h e  

command  t h a t   t h e   h o r i z o n t a l   a n g u l a r   p o s i t i o n   (@)  of  t h e  

h o r i z o n t a l   p i v o t   m o t o r   91  be  such   t h a t   0  =  0°  and  h a v i n g  

a n o t h e r   s t a t e   i n d i c a t i v e   of  t h e   command  t h a t   t h e   h o r i z o n -  

t a l   a n g u l a r   p o s i t i o n   (0)  of  t h e   h o r i z o n t a l   p i v o t   m o t o r   91 

be  such   t h a t   @  =  1 8 0 ° .   Means  f o r   p r o v i d i n g   t h e   h o r i z o n t a l  

a n g u l a r   p o s i t i o n   (0)  s i g n a l   105  may  i n c l u d e ,   f o r   e x a m p l e ,  

means   161  f o r   p r o v i d i n g   a  s t e p   f u n c t i o n   in  r e s p o n s e   to  a  

h o r i z o n t a l   i n i t i a t i o n   s i g n a l   169  from  t h e   i n i t i a t i o n   m e a n s  

6 0 .  

The  v e r t i c a l   movement   and  t h e   a n g u l a r   v e l o c i t y  

of  t h e   v e r t i c a l   movement   of  t h e   v e r t i c a l   p i v o t   mo to r   92 

a r e   c o n t r o l l e d   by  a  v e r t i c a l   p o s i t i o n   c o n t r o l   s i g n a l   1 1 1  

of  a  v e r t i c a l   p r o p o r t i o n a l   c o n t r o l l e r   m o d u l e   113  in  r e -  

s p o n s e   to   f e e d b a c k   from  v e r t i c a l   s e n s i n g   means  95  and  96 

and  from  a  v e r t i c a l  p o s i t i o n   sweep  s i g n a l   115  and  t h e  

a n g u l a r   v e l o c i t y   command  s i g n a l   107.   The  v e r t i c a l   c o n -  

t r o l l e r   m o d u l e   113  in  c o n j u n c t i o n   w i t h   t h e   v e r t i c a l   p i v o t  

m o t o r   92  g o v e r n s   t h e   movement   of  t h e   c o n t r o l   arm  18  in  t h e  

v e r t i c a l   (φ)  d i r e c t i o n   e s s e n t i a l l y   in  r e s p o n s e   to  t h e  

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

mand  s i g n a l   107  and  v e r t i c a l   (φ)  p o s i t i o n   s i g n a l   115.  T h e  

v e r t i c a l   a n g u l a r   v e l o c i t y   f e e d b a c k   s i g n a l   90  f rom  t h e  

t a c h o m e t e r   95  and  t h e   v e r t i c a l   a n g u l a r   p o s i t i o n   (φ)  f e e d -  

back   s i g n a l   84  from  t h e   p o t e n t i o m e t e r   96  p r o v i d e   an  i n d i -  

c a t i o n   of  t he   a c t u a l   v e r t i c a l   a n g u l a r   v e l o c i t y   and  a c t u a l  

v e r t i c a l   a n g u l a r   p o s i t i o n   (φ)  of  t he   v e r t i c a l   p i v o t   m o t o r  

92.  The  c o n t r o l l e r   m o d u l e   113  is   o p e r a t i v e   to   a d j u s t   t h e  

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

t i o n   of  t he   v e r t i c a l   p i v o t   m o t o r   92  in  o r d e r   to  c a u s e   t h e  

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



e a c h   o t h e r .  

The  v e r t i c a l   p o s i t i o n   s i g n a l   (φ)  115  can   be ,   f o r  

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

c l e a n i n g   mode  h a v i n g   one  s t a t e   i n d i c a t i v e   of  t h e   c o m m a n d  

t h a t   t h e   v e r t i c a l   a n g u l a r   p o s i t i o n   (φ)  of  t h e   v e r t i c a l  

p i v o t   m o t o r   92  be  such  t h a t  ø  =   0°  and   h a v i n g   a n o t h e r  

s t a t e   i n d i c a t i v e   of  t he   command  t h a t   t h e   v e r t i c a l   a n g u l a r  

p o s i t i o n   (φ)  of  t h e   v e r t i c a l   p i v o t   m o t o r   92  be  such   t h a t  

φ =  1 8 0 ° .   A l t e r n a t i v e l y ,   t h e   v e r t i c a l   p o s i t i o n   (φ)  s i g n a l  
115  c an   be ,   f o r   e x a m p l e ,   a  s t a i r c a s e   s i g n a l   in   t h e   b o w l -  

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

m a g n i t u d e   such   t h a t   t h e   v e r t i c a l   a n g u l a r   p o s i t i o n   (φ)  o f  

t h e   v e r t i c a l   p i v o t   mo to r   92  s w e e p s   t h r o u g h   a  90°  p a t h   f r o m  

0  =   0°  t o  ø   =  90°  in   f i x e d   p r e d e t e r m i n e d   a n g u l a r   i n c r e -  

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

s i g n a l   115  may  i n c l u d e ,   f o r   e x a m p l e ,   means   163  f o r   p r o -  

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

f u n c t i o n   in   r e s p o n s e   to  a  v e r t i c a l   m o v e m e n t   i n i t i a t i o n  

s i g n a l   168  f rom  t h e   i n t i t i a t i o n   means   6 0 .  

R e f e r r i n g   to   F i g u r e   7,  t h e   l i n e a r   movement   o f  

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

p o s i t i o n   c o n t r o l   s i g n a l   121  f rom  a  p r o p o r t i o n a l   c o n t r o l l e r  

m o d u l e   123  in   r e s p o n s e   to  f e e d b a c k   f rom  t he   c a r r i a g e   p o s i -  

t i o n   s e n s i n g   means  97  and  i n p u t s   f rom  a  c a r r i a g e   c o m m a n d  

s i g n a l   125.   The  c a r r i a g e   c o n t r o l l e r   m o d u l e   123  in  c o n -  

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

m o v e m e n t   of  t h e   s u p p o r t   c a r r i a g e   26  on  t h e   s u p p o r t   arm  24 

e s s e n t i a l l y   in  r e s p o n s e   to  t h e   c a r r i a g e   command  s i g n a l  

125.  The  c a r r i a g e   p o s i t i o n   f e e d b a c k   s i g n a l   74  f rom  t h e  

p o t e n t i o m e t e r   97  p r o v i d e s   an  i n d i c a t i o n   of  t h e   a c t u a l  

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

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

m o t o r   40  in  o r d e r   to  c a u s e   t h e   c a r r i a g e   f e e d b a c k   a n d  

command  s i g n a l s   to   match  each   o t h e r .  

A  r a d i u s   c o m p u t a t i o n   bus  s i g n a l   137  is   p r o v i d e d  

by  a  r e l a y   means  133  in  r e s p o n s e   to   a  r e l a y   c o n t r o l   s i g n a l  

135.   The  r a d i u s   c o m p u t a t i o n   bus  s i g n a l   137  w i l l   be  t h e  



same  as  one  of  c a r r i a g e   r a d i u s   c o m p u t a t i o n   s i g n a l s   173  o r  
174  d e p e n d i n g   upon  t h e   p o s i t i o n   o f   t h e   r e l a y   means  1 3 3  

d e t e r m i n e d   by  t h e   r e l a y   c o n t r o l   s i g n a l   135.   The  c a r r i a g e  

r a d i u s   c o m p u t a t i o n   s i g n a l   174  u s e d   in  t he   b l o w l - c l e a n i n g  

mode  i s   p r o p o r t i o n a l   to  t h e   d i s t a n c e   b e t w e e n   t h e   c e n t e r   11  

of  t h e   p r i m a r y   i n l e t   p l e n u m   10  and  t h e   n o z z l e   c o n f i g u r a -  

t i o n   32.  C a r r i a g e   r a d i u s   c o m p u t a t i o n   means  143  a r e   i n -  

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

s i g n a l   174  and  may  i n c l u d e   a  p o t e n t i o m e t e r   a p p r o p r i a t e l y  

a d j u s t e d   to   p r o v i d e   t he   p r o p e r   c a r r i a g e   r a d i u s   c o m p u t a t i o n  

s i g n a l   1 7 4 .  

The  c a r r i a g e   r a d i u s   c o m p u t a t i o n   s i g n a l   173  u s e d  

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

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

w h i c h   t h e   n o z z l e   s u p p o r t   c a r r i a g e   23  is   d e s i r e d   to  b e  

moved .   R e f e r r i n g   to  F i g u r e   8,  t h e   c a r r i a g e   r a d i u s   c o m p u -  
t a t i o n   means  141  i n c l u d e s   i n c r e m e n t   means   184  fo r   p r o v i d -  

ing   a  p r e d e t e r m i n e d   d i s t a n c e   of  l i n e a r   r a d i u s   a d j u s t m e n t  
f o r   t h e   s u p p o r t   c a r r i a g e   26.  The  i n c r e m e n t a l   a d j u s t m e n t  

i s   p e r f o r m e d   e s s e n t i a l l y   by  a  ramp  g e n e r a t o r   186.  M e a n s  

187  a r e   i n c l u d e d   fo r   a d d i n g   to  or  s u b t r a c t i n g   f rom  t h e  

o u t p u t   of  t he   ramp  g e n e r a t o r   186  t h e   f i x e d   i n c r e m e n t  

d e r i v e d   from  t he   i n s t r u c t i o n   means   184,  in  r e s p o n s e   to  a  

f e e d b a c k   s i g n a l   188  from  t h e   o u t p u t   of  t he   ramp  g e n e r a t o r  
186.   The  o u t p u t   of  t he   means  187  r e f e r r e d   to  as  a n  

" u p d a t e "   s i g n a l   is   a l w a y s   t h e   same  as  t h a t   of  t he   r a m p  
g e n e r a t o r   186  p l u s   or  minus   t h e   f i x e d   i n c r e m e n t   p r o v i d e d  

by  t h e   i n c r e m e n t   means  184.  In  f a c t ,   t h e   o u t p u t   of  t h e  

means   187  is  the   c u r r e n t   l i n e a r   r a d i u s   or  p o s i t i o n   of  t h e  

s u p p o r t   c a r r i a g e   26  on  t h e   c o n t r o l   arm  18  p l u s   or  m i n u s  

t h e   f i x e d   i n c r e m e n t .   A  t r a c k / s t o r e   means   189  o p e r a t e s   t h e  

ramp  g e n e r a t o r   in  r e s p o n s e   to  a  s i g n a l   from  a  l o g i c   m e a n s  
1 9 0 .  

In  o p e r a t i o n   of  t h e   i n s t r u c t i o n   means  141,  a  
l i n e a r   movement   i n i t i a t i o n   s i g n a l   170  from  t he   i n i t i a t i o n  

means  60  c a u s e s   t h e   l o g i c   means  190  to   p r o v i d e   an  i n c r e -  
ment  i n i t i a t i o n   s i g n a l   to  t he   t r a c k / s t o r e   module   189  



t h e r e b y   c a u s i n g   t h e   t r a c k / s t o r e   m o d u l e   189  to   " h o l d "   t h e  

" u p d a t e "   s i g n a l   a t   i t s   i n p u t - - t h e   " u p d a t e "   s i g n a l   b e i n g  
t h e   o u t p u t   of  t h e   means  187.   The  " u p d a t e "   s i g n a l  i s   a l s o  

p r o v i d e d   as  i n p u t   to   t h e   ramp  g e n e r a t o r   186.   The  r a m p  

g e n e r a t o r   186  o p e r a t e s   to   a d j u s t   " i n c r e a s e   or  d e c r e a s e "  

i t s   o u t p u t   so  t h a t   i t s   o u t p u t ,   t h a t   i s   s i g n a l   188,   m a t c h e s  

t h e   o u t p u t   of  t h e   t r a c k / s t o r e   m o d u l e   1 8 9 .  

The  ramp  g e n e r a t o r   186  p r o v i d e s   a  s i g n a l   t o  

l o g i c   means  190  f o r   r e m o v i n g   t h e   i n c r e m e n t   i n i t i a t i o n  

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

of  t h e   ramp  g e n e r a t o r   186  and  t h e   t r a c k / s t o r e   m o d u l e   1 8 9 .  

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

i n p u t   of  t h e   t r a c k / s t o r e   m o d u l e   189  c a u s e s   t h e   t r a c k / s t o r e  

m o d u l e   189  to   " t r a c k - u p "   or   " t r a c k - d o w n "   to   t h e   o u t p u t   o f  

t h e   means   187,   t h a t   i s   to   t h e   o u t p u t   of  t h e   ramp  g e n e r a t o r  
186  p l u s   or  minus   t h e   f i x e d   i n c r e m e n t   f rom  t h e   i n c r e m e n t  

means   184.   Means  191  a r e   i n c l u d e d   f o r   c a u s i n g   t h e   i n p u t  
of  t h e   ramp  g e n e r a t o r   186  to   f l o a t ,   t h a t   is   to  c a u s e   t h e  

ramp  g e n e r a t o r   i n p u t   to   be  d i s c o n n e c t e d   from  t h e   t r a c k /  

s t o r e   o u t p u t ,   in  r e s p o n s e   to   t he   r e m o v i n g   of  t he   i n c r e m e n t  

i n i t i a t i o n   s i g n a l .  

A  p a r t   147  of  a  m i c r o p r o c e s s o r   p r o v i d e s   t h e  

c a r r i a g e   command  s i g n a l   125.  In  t h e   b o w l - c l e a n i n g   m o d e ,  

t h e   r e l a y   means  133  i s   p o s i t i o n e d   in   r e s p o n s e   to   t h e   r e l a y  

c o n t r o l   s i g n a l   135  such  t h a t   t h e   c a r r i a g e   r a d i u s   c o m p u t a -  

t i o n   s i g n a l   174  i s   c o u p l e d   to   t h e   m i c r o p r o c e s s o r   147  v i a  

t h e   r a d i u s   c o m p u t a t i o n   bus  s i g n a l   137.  In  t h i s   mode,   t h e  

m i c r o p r o c e s s o r   147  p r o v i d e s   t h e   c a r r i a g e   command  s i g n a l  

125  in   r e s p o n s e   to  t he   p o s i t i o n   f e e d b a c k   s i g n a l s   82  and  84 

and   t h e   r a d i u s   c o m p u t a t i o n   bus  s i g n a l   137  in   o r d e r   t o  

a d j u s t   t h e   p o s i t i o n   of  t h e   s u p p o r t   c a r r i a g e   26  such   t h a t .  

t h e   n o z z l e   32  i s   m a i n t a i n e d   a t   t h e   d i s t a n c e   R  f rom  t h e  

c e n t e r   11  of  t he   p r i m a r y   i n l e t   p l e n u m   10  of  F i g u r e   1.  T h e  

m i c r o p r o c e s s o r   147  a c c e p t s   as  i n p u t s   t h e   p o s i t i o n   f e e d b a c k  

s i g n a l s   82  and  84  and  t h e   r a d i u s   c o m p u t a t i o n   bus  s i g n a l  

137  and  p e r f o r m s   t h e   t r i a n g u l a t i o n   c o m p u t a t i o n   shown  i n  

e q u a t i o n   ( 1 ) .  



. I n   t h e   t u b e - s h a p e d   and  d i v i d e r   p l a t e   c l e a n i n g  

m o d e s ,   t h e   r e l a y   means  133  i s   p o s i t i o n e d   in   r e s p o n s e   t o  

t h e   r e l a y   c o n t r o l   s i g n a l   135  such   t h a t   t h e   c a r r i a g e   r a d i u s  

c o m p u t a t i o n   s i g n a l   173  is   c o u p l e d   to   t h e   m i c r o p r o c e s s o r  

147  v i a   t h e   r a d i u s   c o m p u t a t i o n   bus  s i g n a l   137.   In  t h e s e  

two  modes  of  o p e r a t i o n ,   t he   p o s i t i o n   f e e d b a c k   s i g n a l s   82 

and   84  a r e   e s s e n t i a l l y   u n u s e d .   The  c a r r i a g e   command  

s i g n a l   125  i s   e f f e c t i v e   to  c a u s e   t h e   s u p p o r t   c a r r i a g e   26 

to   move  i n c r e m e n t a l l y   a l o n g   t h e   s u p p o r t   arm  18  in  r e s p o n s e  

to   t h e   c a r r i a g e   r a d i u s   c o m p u t a t i o n   s i g n a l   1 7 3 .  

The  a n g u l a r   v e l o c i t y   command  s i g n a l   107  i s  

p r o v i d e d   as  an  o u t p u t   by  a  d i v i d e r   means   151.   A  p o t e n t i o -  

m e t e r   means   176  p r o v i d e s   a  t a n g e n t i a l   v e l o c i t y   s i g n a l   1 5 5  

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

n o z z l e   32.  As  d i s c u s s e d   h e r e i n b e f o r e ,   t h e   p r e d e t e r m i n e d  

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

176  m u s t   be  w i t h i n   a  r a n g e   of  t a n g e n t i a l   v e l o c i t i e s   s u c h  

t h a t   t h e   n o z z l e   c o n f i g u r a t i o n   32  moves  in  r e l a t i o n   to  t h e  

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

s u r f a c e   to   be  c l e a n e d   is  no t   d a m a g e d ,   b u t   a t   a  s p e e d   s l o w  

e n o u g h   so  t h a t   t h e   s u r f a c e   can  be  a d e q u a t e l y   c l e a n e d   b y  

t h e   w a t e r - g r i t   m i x t u r e   d i r e c t e d   t h e r e o n   t h r o u g h   the   n o z z l e  

32.  A  m i c r o p r o c e s s o r   159  p r o v i d e s   an  e f f e c t i v e   r a d i u s  

s i g n a l   157  as  an  i n p u t   to  t h e   d i v i d e r   means  151.  T h e  

d i v i d e r   means  151  i s   o p e r a t i v e   to   form  a  q u o t i e n t   h a v i n g  

t h e   e f f e c t i v e   r a d i u s   s i g n a l   157  as  a  d i v i s o r   and  h a v i n g  

t h e   t a n g e n t i a l   v e l o c i t y   s i g n a l   155  as  a  d i v i d e n d .   T h e  

a n g u l a r   v e l o c i t y   command  s i g n a l   107  i s   p r o p o r t i o n a l   to  t h e  

q u o t i e n t  f o r m e d   in  t he   d i v i d i n g   means  1 5 1 .  

In  t he   b o w l - c l e a n i n g   mode,  t h e   m i c r o p r o c e s s o r  

159  a c c e p t s   as  i n p u t s   v e r t i c a l   p o s i t i o n   f e e d b a c k   s i g n a l   74 

and  c a r r i a g e   p o s i t i o n   f e e d b a c k  s i g n a l   84.  The  e f f e c t i v e  

r a d i u s   in  t h i s   mode  is  d e t e r m i n e d   as  a  f u n c t i o n   of  t h e  

p o s i t i o n   f e e d b a c k   s i g n a l s   74  and  84  a c c o r d i n g   to  t h e  

e q u a t i o n   ( 2 ) .   In  t he   t u b e s h e e t   and  d i v i d e r   p l a t e   c l e a n i n g  

modes ,   t h e   v e r t i c a l   p o s i t i o n   f e e d b a c k   s i g n a l   74  is  e s s e n -  

t i a l l y   u n u s e d   and  t he   e f f e c t i v e   r a d i u s   s i g n a l   157  i s  



e s s e n t i a l l y   t h e   same  as  t h e   c a r r i a g e   p o s i t i o n   f e e d b a c k  

s i g n a l   84.  In  t h e   bowl  c l e a n i n g   mode,  v e r t i c a l   a n g u l a r  

m o v e m e n t   of  t h e   c o n t r o l   arm  18  i s   s u s p e n d e d   and  t h e   m o t o r  

91  s w e e p s   t h e   c o n t r o l   arm  18  in  a  h o r i z o n t a l   d i r e c t i o n   i n  

r e s p o n s e   to  t h e   h o r i z o n t a l   sweep  s i g n a l   168.   In  t h e  

p r o c e s s   of  t h e   h o r i z o n t a l   s w e e p ,   t h e   c o n t r o l   arm  18  c o v e r s  

an  a n g u l a r   p a t h   m e a s u r e d   by  th   a n g l e   8  of  F i g u r e   2,  w h e r e  

@  can  r a n g e   f rom  0°  to   180° .   At  t h e   end  of  t h e   h o r i z o n t a l  

p a t h ,   t h a t   i s   w h e r e   9  =  0°  or   w h e r e   0  =   1 8 0 ° ,   v e r t i c a l  

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

The  c o n t r o l   arm  18  i s   t h e n   s w e p t   v e r t i c a l l y   a l o n g   a n  

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

of  F i g u r e   2.  In  t h i s   mode  of  o p e r a t i o n ,   t h e   a n g u l a r  

c o v e r a g e   of  t h e   v e r t i c a l   p a t h   i s ,   f o r   e x a m p l e ,   on  t h e  

o r d e r   o f  φ  = 2 ° .   A f t e r   t h i s   i n c r e m e n t a l   v e r t i c a l   s w e e p ,  
v e r t i c a l   movement   i s   s u s p e n d e d   and  t h e   c o n t r o l   arm  18  i s  

c a u s e d   to   sweep  h o r i z o n t a l l y   in  t h e   o p p o s i t e   d i r e c t i o n .  

The  i n c r e m e n t a l   v e r t i c a l   sweep  o c c u r s   a t   t h e   end  of  e a c h  

h o r i z o n t a l   p a t h   u n t i l   t h e   t o t a l   a n g u l a r   c o v e r a g e   by  t h e  

m u l t i p l e   i n c r e m e n t a l   v e r t i c a l   s w e e p s   e q u a l s  9 0 ° .   T h r o u g h -  

ou t   t h e   o p e r a t i o n   of  t h e   c o n t r o l   arm  in  t h e   b o w l - c l e a n i n g  

mode,   t h e   n o z z l e   c o n f i g u r a t i o n   32  of  F i g u r e   1  i s   c a u s e d   t o  

r e m a i n   a  p r e d e t e r m i n e d   d i s t a n c e   f rom  t h e   c e n t e r   11  of  t h e  

s p h e r i c a l   e n c l o s u r e   10.  T h i s   is   p e r f o r m e d   by  t he   p r o p o r -  
t i o n a l   c o n t r o l l e r   m o d u l e   123  in   r e s p o n s e   to   t h e   p o s i t i o n  

c o n t r o l   s i g n a l   125  and  f e e d b a c k   from  t h e   l i n e a r   p o s i t i o n  

s i g n a l   74.  The  s i g n a l   174  i s   p r o p o r t i o n a l   to   t h e   p r e -  
d e t e r m i n e d   d i s t a n c e   R  of  F i g u r e  1   wh ich   i s   p r o v i d e d   by  t h e  

i n s t r u c t i o n   means  1 4 3 .  R e l a y   means  133  in   r e s p o n s e   to  t h e  

s i g n a l   135  o p e r a t e s   such   t h a t   t h e   s i g n a l   137  is  t h e   s a m e  

as  t h e   s i g n a l   174.  The  h o r i z o n t a l   a n g u l a r   v e l o c i t y   of  t h e  

m o t o r   91  and  t he   c o n t r o l   arm  18  i s   a d j u s t e d   such  t h a t   t h e  

t a n g e n t i a l   v e l o c i t y   of  t h e   n o z z l e   c o n f i g u r a t i o n   32  w i t h  

r e s p e c t   to   t he   bowl  s u r f a c e   12  of  t he   p r i m a r y   i n l e t   p l e n u m  

10  i s   m a i n t a i n e d   a t   a  p r e d e t e r m i n e d   t a n g e n t i a l   v e l o c i t y   VT 
d e r i v e d   from  p o t e n t i o m e t e r   means  176.  The  p r o p e r   a n g u l a r  

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



i s   p e r f o r m e d   by  t h e   d i v i d i n g   means  151  in   r e s p o n s e   to   t h e  

t a n g e n t i a l   v e l o c i t y   s i g n a l   155  and  t h e   e f f e c t i v e   r a d i u s  

s i g n a l   157.   The  a n g u l a r   v e l o c i t y   of  t h e   i n c r e m e n t a l  

v e r t i c a l   sweep  o c c u r r i n g   at   t he   end  of  e a c h   h o r i z o n t a l  

p a t h   i s   a d j u s t e d   in  a  s i m i l a r   manne r   to   a c h i e v e   t h e   p r e -  
d e t e r m i n e d   t a n g e n t i a l   v e l o c i t y   a t   the   n o z z l e   c o n f i g u r a t i o n  

32  w i t h   r e s p e c t   to   t h e   bowl  s u r f a c e   1 2 .  

In  t h e   t u b e s h e e t   c l e a n i n g   mode,  t h e   v e r t i c a l  

p o s i t i o n   of  t h e   c o n t r o l   arm  18  i s   such  t h a t   t h e   a n g l e  φ   i s  

φ  = 0  and  v e r t i c a l   movemen t   is  s u s p e n d e d .   The  c o n t r o l   a r m  

18  s w e e p s   a b o u t   t h e   p i v o t   m e c h a n i s m   20  in   a  h o r i z o n t a l  

d i r e c t i o n   a l o n g   a  p a t h   such   t h a t   t he   a n g l e   9  r a n g e s   from  0 

to   1 8 0 ° .   The  n o z z l e   c o n f i g u r a t i o n   32  i s   p o i n t e d   t o w a r d  

t h e   t u b e s h e e t   s u r f a c e   16.  The  h o r i z o n t a l   a n g u l a r   v e l o c i t y  

of  t h e   c o n t r o l   arm  18  i s   a d j u s t e d   in  t h e   same  m a n n e r  

d i s c u s s e d   above   such   t h a t   t he   n o z z l e   c o n f i g u r a t i o n   32  i s  

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

r e s p e c t   to  t he   t u b e s h e e t   16.  At  t he   end  of  e ach   h o r i z -  

o n t a l   sweep  p a t h ,   t h a t   is   w h e r e   @  =  0°  or  9  =  180° ,   t h e  

s u p p o r t   c a r r i a g e   26  i s   c a u s e d   to   move  i n c r e m e n t a l l y   on  t h e  

o r d e r   of  a  d i s t a n c e   of  2  i n c h e s .   The  i n c r e m e n t a l   l i n e a r  

movemen t   of  t h e   s u p p o r t   c a r r i a g e   26  is  e f f e c t e d   by  t h e  

s i g n a l   173  f rom  t h e   i n s t r u c t i o n   means  141.  In  t h e   s e c o n d  

mode  of  o p e r a t i o n ,   t h e   r e l a y   means  133  o p e r a t e s   i n  

r e s p o n s e   to   t h e   s i g n a l   135  such  t h a t   t h e   s i g n a l s   137  a n d  

173  a r e   t h e   s a m e .  

In  t h e   d i v i d e r   p l a t e   c l e a n i n g   mode,  t h e   h o r i z o n -  

t a l   p o s i t i o n   of  t h e   c o n t r o l   arm  18  is  f i x e d   such  t h a t   t h e  

a n g l e   8  =  180°  or  such  t h a t   t h e   a n g l e   9  =  0°  and  h o r i z -  

o n t a l   movement   is  s u s p e n d e d .   The  c o n t r o l   arm  18  s w e e p s  

t h r o u g h   a  v e r t i c a l   a n g u l a r   p a t h   such  t h a t   t h e   a n g l e   φ 

r a n g e s   f rom  0°  to  90° .   At  t he   end  of  each   v e r t i c a l   s w e e p  

p a t h ,   t h a t   is   w h e r e   t h e   a n g l e  φ   is   0°  or  whe re   t h e   a n g l e  

is   90° ,   the   s u p p o r t   c a r r i a g e   26  moves  i n c r e m e n t a l l y   a l o n g  

t h e   s u p p o r t   arm  18  a  d i s t a n c e   on  t h e   o r d e r   of  2  i n c h e s  

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

t h e   c a r r i a g e   26  c a u s e s   i t   to  move  from  end  of  t h e   s u p p o r t  



c a t h o d e   arm  18  t o   t h e   o t h e r   as  a  r e s u l t   of  t h e   i n c r e m e n t a l  

m o v e m e n t s   a t   t h e   end  of  e a c h   v e r t i c a l   sweep  p a t h .   T h e  

l i n e a r   i n c r e m e n t a l   movemen t   of  t h e   s u p p o r t   c a r r i a g e   26  i s  

p e r f o r m e d   in   t h e   same  way  a s  d i s c u s s e d   above   w i t h   r e s p e c t  

to   t h e   s e c o n d   mode  of  o p e r a t i o n .  

F i g u r e   6  shows  a  b l o c k   d i a g r a m   of  a  p r e f e r r e d  

e m b o d i m e n t   of  t h e   p r o p o r t i o n a l   c o n t r o l l e r s   103  and   113  o f  

F i g u r e   5.  For  p u r p o s e s   of  s i m p l i c i t y ,   o n l y   t h e   p r o p o r -  
t i o n a l   c o n t r o l l e r   103  i s   d e s c r i b e d   in  F i g u r e   6.  T h e  

c o n t r o l l e r   103  i n c l u d e s   o p e r a t i o n a l   a m p l i f i e r s   172  and   1 7 3  

h a v i n g   f e e d b a c k   s i g n a l s   82  and  93  c o u p l e d   to   r e s p e c t i v e  

i n v e r t i n g   i n p u t s .   A  p r o g r a m m a b l e   l i m i t   c i r c u i t   174  i s  

c o u p l e d   b e t w e e n   t h e   a m p l i f i e r s   172  and  173  and  i n c l u d e s   a s  

an  i n p u t   t h e   v e l o c i t y   s e t   p o i n t   s i g n a l   107.   The  l i m i t  

c i r c u i t   174  may  be ,   f o r  e x a m p l e ,   a  c i r c u i t   of  t h e   t y p e  

i n c l u d e d   in   A c t i o n   Pack   4 3 0 0 - 1 1 2   m a n u f a c t u r e d   by  t h e  

A c t i o n   I n s t r u m e n t   Co.  The  p o s i t i o n   s e t   p o i n t   s i g n a l   1 0 5  

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

1 7 2 .  

F i g u r e   7  shows  a  b l o c k   d i a g r a m   of  a  p r e f e r r e d  

e m b o d i m e n t   of  t h e   p r o p o r t i o n a l   c o n t r o l l e r   123.  The  p r o -  

p o r t i o n a l   c o n t r o l l e r   123  i s   s i m i l a r   in   d e s i g n   to   t h e  

c o n t r o l l e r s   103  and   113  as  shown  in  F i g u r e   6  e x c e p t   t h a t  

t h e r e   i s   no  v e l o c i t y   f e e d b a c k   s i g n a l .   The  m o t o r   40  i s  

f r e e   to   move  a t   i t s   i n h e r e n t   s p e e d ,   h o w e v e r   f a s t   or   s l o w  

t h a t   s p e e d   i s .   The  p r o p o r t i o n a l   c o n t r o l l e r   123  i n c l u d e s  

e s s e n t i a l l y   an  o p e r a t i o n a l   a m p l i f i e r   181  h a v i n g   as  i n p u t s  

p o s i t i o n   f e e d b a c k   s i g n a l   74  c o u p l e d   to  t h e   i n v e r t i n g   i n p u t  

and  p o s i t i o n   s e t   p o i n t   s i g n a l   125  c o u p l e d   to   t h e   n o n -  

i n v e r t i n g   i n p u t .  

The  c o m p u t a t i o n   means  147  and  159  can  b e ,   f o r  

e x a m p l e ,   a  c i r c u i t   194  as  shown  in  F i g u r e   9  i n c l u d i n g   a n  

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

INTEL  8748  or  8741  h a v i n g   a s s o c i a t e d   m u l t i p l e x e r s   (MUX) 

and  A/D  and  D/A  c o n v e r t e r s   f o r   p r o v i d i n g   o u t p u t s   125  a n d  

157  in   r e s p o n s e   to  i n p u t s   82,  84,  and  137,  and  i n p u t s   74 

and  84,  r e s p e c t i v e l y .  



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

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

s u r f a c e s   (12,   14,  16)  in   a  p l e n u m   (10)  of  t he   s t e a m   g e n e r -  

a t o r ,   s a i d   p l e n u m   (10)  b e i n g   s u r r o u n d e d   by  a  d i v i d e r   p l a t e  

s u r f a c e   ( 1 4 ) ,   a  t u b e s h e e t   s u r f a c e   ( 1 6 ) ,   and  a  bowl  s u r f a c e  

( 1 2 ) ,   s a i d   p l e n u m   h a v i n g   a  s p h e r i c a l   c e n t e r   (11)  w i t h  

r e s p e c t   to   s a i d   bowl  s u r f a c e   ( 1 2 ) ,   s a i d   a p p a r a t u s   c o m p r i s -  

i n g :   a  p i v o t   m e c h a n i s m   (20)  f i x e d   in   p o s i t i o n   a  f i r s t  

p r e d e t e r m i n e d   d i s t a n c e   f rom  s a i d   s p h e r i c a l   c e n t e r   ( 1 1 ) ;  

n o z z l e   means  (32)  f rom  w h i c h   s a i d   c l e a n i n g   m i x t u r e   i s  

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

s u r f a c e ;   m o t i o n   means  (18)  f o r   a n g u l a r l y   moving   s a i d  

n o z z l e   means  (32)   a b o u t   s a i d   p i v o t   m e c h a n i s m   ( 2 0 ) ;   a d j u s t -  

ing  means  (26,  30)  f o r   a d j u s t i n g   t he   l i n e a r   r a d i u s   of  s a i d  

n o z z l e   means  w i t h   r e s p e c t   to   s a i d   p i v o t   m e c h a n i s m   ( 2 0 ) ,  

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

(35)  o p e r a b l e   on  s a i d   m o t i o n   means  (18)  and  s a i d   a d j u s t i n g  

means  (26,  30)  to  move  s a i d   n o z z l e   means  (32)  a b o u t   s a i d  

p i v o t   m e c h a n i s m   (20)  a t   a  p r e d e t e r m i n e d   t a n g e n t i a l   v e l o -  

c i t y   w h i l e   m a i n t a i n i n g   s a i d   n o z z l e   means  (32)  a t   a  d i s -  

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

a d e q u a t e   c l e a n i n g   of  t he   s u r f a c e   but   no  d a m a g e  t h e r e t o .  

2.  A p p a r a t u s   a c c o r d i n g   to  Cla im  1  c h a r a c t e r i z e d  

in  t h a t   s a i d   n o z z l e   means  (32)  i n c l u d e s :   a  c o n t r o l   a r m  

(18)  h a v i n g   a  p i v o t   end ,   s a i d   p i v o t   end  h a v i n g   f r e e d o m   o f  

movement   in  v e r t i c a l   and  h o r i z o n t a l   d i r e c t i o n s ;   a  n o z z l e  

s u p p o r t   c a r r i a g e   (30)   s l i d a b l y   m o u n t e d   on  s a i d   c o n t r o l   a r m  

( 1 8 ) ;   a  n o z z l e   c o n f i g u r a t i o n   (32)  s l i d a b l y   m o u n t e d   on  s a i d  



n o z z l e   s u p p o r t   c a r r i a g e   (30)   f o r   d i r e c t i n g   s a i d   c l e a n i n g  

m i x t u r e   t o w a r d   t h e   s u r f a c e s   to   be  c l e a n e d ;   and  f l e x i b l e  

h o s i n g   (34)  a t t a c h e d   to   s a i d   n o z z l e   c o n f i g u r a t i o n   (32)   f o r  

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

s a i d   n o z z l e   c o n f i g u r a t i o n   ( 3 2 ) .  

3.  A p p a r a t u s   a c c o r d i n g   to   C l a i m   2  c h a r a c t e r i z e d  

in  t h a t   s a i d   c o n t r o l   means   (35)  i n c l u d e s :   p o t e n t i o m e t e r  

means   (176)   f o r   p r o v i d i n g   a  f i r s t   s i g n a l   (155)   p r o p o r -  
t i o n a l   to   a  p r e d e t e r m i n e d   t a n g e n t i a l   v e l o c i t y ;   means   ( 9 7 )  

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

c o n f i g u r a t i o n ;   f i r s t   p o s i t i o n   f e e d b a c k   means   . ( 5 2 )   f o r  

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

t i o n   ( 3 2 ) ;   means   (159)   f o r   p r o v i d i n g   a  s e c o n d   s i g n a l   ( 1 5 7 )  

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

f i g u r a t i o n   (32)  as  a  f u n c t i o n   of  s a i d   a c t u a l   l i n e a r   r a d i u s  

(74)   and  of  s a i d   a n g u l a r   p o s i t i o n   ( 8 4 ) ;   means   ( 1 5 1 )  

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

a  t h i r d   s i g n a l   (107)   p r o p o r t i o n a l   to  an  i n s t r u c t e d   a n g u l a r  

v e l o c i t y   of  s a i d   c o n t r o l   arm  (18)  v a r y i n g   so  as  t o   m a i n -  

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

c o n f i g u r a t i o n   (32)  in  r e l a t i o n   to   s a i d   bowl  s u r f a c e   ( 1 2 ) ;  

and  f i r s t   v e l o c i t y   f e e d b a c k   means  (95)  f o r   p r o v i d i n g   a  

f o u r t h   s i g n a l   (90)  p r o p o r t i o n a l   to  t h e   a c t u a l   a n g u l a r  

v e l o c i t y   of  s a i d   c o n t r o l   arm  ( 1 8 ) ;   s a i d   m o t i o n   m e a n s  

i n c l u d i n g   f i r s t   e l e c t r i c   mo to r   means  (50)  f o r   a n g u l a r l y  

s w e e p i n g   s a i d   c o n t r o l   arm  (18)  a b o u t   s a i d   p i v o t   m e c h a n i s m  

(20)  a t   s a i d   i n s t r u c t e d   a n g u l a r   v e l o c i t y ,   s a i d   c o n t r o l  

means   (35)   f u r t h e r   i n c l u d i n g   f i r s t   f e e d b a c k   c o n t r o l   m e a n s  

(38)  i n c l u d i n g   f i r s t   p r o p o r t i o n a l   c o n t r o l l e r   means   ( 1 0 3 ,  

113)  r e s p o n s i v e   to   s a i d   t h i r d   and  f o u r t h   s i g n a l s   f o r  

c o n t r o l l i n g   t h e   movement   of  and  t he   a n g u l a r   v e l o c i t y   o f  

s a i d   e l e c t r i c   m o t o r   means  ( 5 0 ) ;   means  (147)   f o r   p r o v i d i n g  

a  f i f t h   s i g n a l   (125)   p r o p o r t i o n a l   to  an  i n s t r u c t e d   l i n e a r  

r a d i u s   of  s a i d   n o z z l e   c o n f i g u r a t i o n ;   and  means   (97)   f o r  

p r o v i d i n g   a  s i x t h   s i g n a l   (74)  p r o p o r t i o n a l   to   t h e   a c t u a l  

l i n e a r   r a d i u s   of  s a i d   n o z z l e   c o n f i g u r a t i o n   ( 3 2 ) .  

4.  A p p a r a t u s   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 z e d  

in   t h a t   s a i d   a d j u s t i n g   means  i n c l u d e s :   s e c o n d   e l e c t r i c  



m o t o r   means  (40)   f o r   a d j u s t i n g   t h e   l i n e a r   r a d i u s   of  s a i d  

n o z z l e   c o n f i g u r a t i o n   ( 3 2 ) ,   s a i d   c o n t r o l   means  f u r t h e r  

i n c l u d i n g   a  s e c o n d   f e e d b a c k   c o n t r o l   means  (41)  i n c l u d i n g  

s e c o n d   p r o p o r t i o n a l   c o n t r o l l e r   means  (123)  r e s p o n s i v e   t o  

s a i d   f i f t h   s i g n a l   (125)   and  s a i d   a c t u a l   l i n e a r   r a d i u s   ( 7 4 )  

f o r   c o n t r o l l i n g   t he   movement   of  s a i d   s e c o n d   e l e c t r i c   m o t o r  

means  ( 4 0 ) .  

5.  A p p a r a t u s   a c c o r d i n g   to   C la im  4  c h a r a c t e r i z e d  

in  t h a t   s a i d   means  (147)  f o r   p r o v i d i n g   a  f i f t h   s i g n a l  

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

p r e d e t e r m i n e d   d i s t a n c e   b e t w e e n   s a i d   s p h e r i c a l   c e n t e r   ( 1 1 )  

and  s a i d   n o z z l e   c o n f i g u r a t i o n   ( 3 2 ) .  

6.  A p p a r a t u s   a c c o r d i n g   to   C l a i m   5  c h a r a c t e r i z e d  

in  t h a t   s a i d   f i r s t   e l e c t r i c   m o t o r   means  (50)  i n c l u d e s :   a  

f i r s t   e l e c t r i c   m o t o r   (91)  f o r   s w e e p i n g   s a i d   c o n t r o l   arm  i n  

a  h o r i z o n t a l   d i r e c t i o n ,   and  a  s e c o n d   e l e c t r i c   m o t o r   ( 9 2 )  

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

s a i d   f i r s t   p r o p o r t i o n a l   c o n t r o l l e r   means  i n c l u d e s :   a  

f i r s t   f e e d b a c k   c o n t r o l l e r   (103)   c o u p l e d   to  s a i d   f i r s t  

e l e c t r i c   m o t o r ,   f i r s t   p o t e n t i o m e t e r   means  (94)  c o u p l e d   t o  

s a i d   f i r s t   e l e c t r i c   m o t o r   ( 9 1 ) ,   a  s e c o n d   f e e d b a c k   c o n t r o l -  

l e r   (113)  c o u p l e d   to   s a i d   s e c o n d   e l e c t r i c   m o t o r ;   a  s e c o n d  

p o t e n t i o m e t e r   means  c o u p l e d   to   s a i d   s e c o n d   e l e c t r i c   m o t o r  

( 9 2 ) ;   means  c o u p l e d   to   s a i d   f i r s t   e l e c t r i c   mo to r   (91)  f o r  

s e n s i n g   the   back   emf  of  s a i d   f i r s t   e l e c t r i c   m o t o r ,   a n d  

t a c h o m e t e r   means  (95)  c o u p l e d   to   s a i d   s e c o n d   e l e c t r i c  

mo to r   ( 9 2 ) ;   and  w h e r e i n   s a i d   s e c o n d   e l e c t r i c   motor   m e a n s  

i n c l u d e s :   a  t h i r d   e l e c t r i c   m o t o r   (40)  f o r   a d j u s t i n g   t h e  

l i n e a r   r a d i u s   of  s a i d   n o z z l e   c o n f i g u r a t i o n   ( 3 2 ) ;   a n d  

w h e r e i n   s a i d   s e c o n d   p r o p o r t i o n a l   c o n t r o l l e r   means  ( 1 2 3 )  

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

t h i r d   e l e c t r i c   m o t o r   ( 4 0 ) ;   and  t h i r d   p o t e n t i o m e t e r   m e a n s  

(97)  c o u p l e d   to  s a i d   t h i r d   e l e c t r i c   mo to r   ( 4 0 ) .  
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