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©  Working  robot  used  for  the  water  chamber  of  the  heat  exchanger 
©  A  working  robot  (1)  positioned  within  a  water  chamber 
(3)  of  a  heat  exchanger  comprises  a  body  (1  1  )  of  the  working 
robot  having  an  arm  (16)  rotatably  mounted  therein  for 
supporting  a  working  device  (7),  a  unit  (12)  for  supporting  the 
body  which  is  provided  on  the  body,  rails  (17)  for  guiding  the 
movement  of  the  body  and  a  unit  (19)  for  supporting  rails 
provided  on  both  ends  of  the  rails,  the  rails  being  composed 
of  at  least  three  sets  of  members  (17A,  17B,  17C),  a  plurality 
of  support  shafts  (21,  22)  which  are  inserted  into  the  interior 
of  heat  transfer  tubes  (25)  of  the  heat  exchanger  such  as  to 
fixedly  abut  against  the  inner  surface  thereof  being  mounted 
on  the  body  support  unit  and  the  rail  support  unit  in  the 
direction  of  the  central  axis  of  the  heat  transfer  tubes. ISA 
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 A   working  robot  (1)  positioned  within  a  water  chamber 
(3)  of  a  heat  exchanger  comprises  a  body  (11)  of  the  working 
robot  having  an  arm  (16)  rotatably  mounted  therein  for 
supporting  a  working  device  (7),  a  unit  (12)  for  supporting  the 
body  which  is  provided  on  the  body,  rails  (17)  for  guiding  the 
movement  of  the  body  and  a  unit  (19)  for  supporting  rails 
provided  on  both  ends  of  the  rails,  the  rails  being  composed 
of  at  least  three  sets  of  members  (17A,  17B,  17C),  a  plurality 
of  support  shafts  (21,  22)  which  are  inserted  into  the  interior 
of  heat  transfer  tubes  (25)  of  the  heat  exchanger  such  as  to 
fixedly  abut  against  the  inner  surface  thereof  being  mounted 
on  the  body  support  unit  and  the  rail  support  unit  in  the 
direction  of  the  central  axis  of  the  heat  transfer  tubes. 



BACKGROUND  OF  THE  INVENTION 

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

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

t h e   i n s p e c t i o n ,   m a i n t e n a n c e   or   w a s h i n g   and  t h e   l i k e ,  

of   h e a t   t r a n s f e r   t u b e s   on  t h e   s u r f a c e   of  a  t u b e   p l a t e  

w i t h i n   t h e   w a t e r   c h a m b e r   o f   t h e   h e a t   e x c h a n g e r .  

At  p r e s e n t   t h e r e   a r e   v a r i o u s   m a n u a l   t a s k s   b o t h  

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

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

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

t h e r e o f   t h r o u g h   a u t o m a t i z a t i o n   of  t h e   w o r k .  

As  r e g a r d s   t h e   h e a t   e x c h a n g e r ,   t o o ,   an  e d d y  

c u r r e n t   t e s t   of   t h e   s t e a m   g e n e r a t o r   or   t h e   c o n d e n s e r  

n e e d s   to  be  c a r r i e d   o u t ,   b o t h   b e i n g   d a n g e r o u s   a n d / o r  

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

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

As  shown  in   J a p a n e s e   P a t e n t   L a i d - O p e n   N o .  

1 0 2 0 1 / 1 9 7 6 ,   f o r   e x a m p l e ,   t h e r e   i s   known  an  e d d y   c u r r e n t  

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

g e n e r a t o r s ,   w h i c h   can   be  s h i f t e d   in   t h e   d i r e c t i o n s   of   X 

and  Y  by  t h e   u s e   of   a  g u i d i n g   s h a f t   a l o n g   w i t h   h o l d i n g  

t h e   d e v i c e   u t i l i z i n g   an  e x p a n d a b l e   b a n d   a t   t h e   end  o f  

a  t a p   s h a f t   f e d   i n t o   t h e   h e a t   t r a n s f e r   t u b e .  

As  w e l l   k n o w n ,   t h e r e   a r e   two  s o r t s   of   a r r a y s   o f  

h e a t   t r a n s f e r   t u b e s   u s e d   in   h e a t   e x c h a n g e r s ;   in   one   t y p e  



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

i n   t h e   o t h e r   t h e   t u b e s   a r e   a r r a y e d   in   a  s t a g g e r e d   f a s h i o n .  

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

a r r a y   o f   t h e   f o r m e r   t y p e ,   t h e   w o r k i n g   e f f i c i e n c y   o f  

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

d i r e c t i o n s   o f   t h e   X  and   Y  a x e s   i s   v e r y   h i g h .  

I n  a   g r e a t   n u m b e r   o f   h e a t   e x c h a n g e r s ,   h o w e v e r ,  

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

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

o f t e n   p a r t i a l l y   p r o v i d e d   i n   w h i c h   no  h e a t   t r a n s f e r   t u b e s  

a r e   a r r a y e d ,   t o   r e d u c e   t h e   l o s s   of   p r e s s u r e   on  t h e   o u t e r  

s i d e   o f   t h e   t u b e s .   T h i s   f l o w - i n   l a n e   i s   o f   s u c h   a  c o n -  

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

i n c l i n e d   by  60°  o r   120°   r e l a t i v e   to   t h e   h o r i z o n t a l   o r  

v e r t i c a l   a x i s   on  t h e   t u b e   p l a t e .  

In   t h e   t r a n s f e r   d e v i c e   d e s c r i b e d   a b o v e   h a v i n g  

f r e e d o m   o f   m o v e m e n t   i n   t h e   d i r e c t i o n s   o f   t h e   X  and   Y 

a x e s ,   i t   i s   o f t e n   d i f f i c u l t   to   r e a d i l y   jump  t h i s   l a n d  

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

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

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

e x c h a n g e r   h a v i n g   t h e   s t a g g e r e d - t y p e   t u b e   a r r a y ,   s i n c e ,  

i n   s u c h   c a s e s ,   t h e   r o u t e   o f   t r a n s f e r   a n d   t h e   c o n s t r u c t i o n  

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

SUMMARY  OF  THE  I N V E N T I O N  

An  o b j e c t   o f   t h e   p r e s e n t   i n v e n t i o n   i s   to   p r o v i d e  

a  w o r k i n g   r o b o t   w h i c h   c a n   be  t r a n s f e r r e d   on  t h e   s u r f a c e   o f  

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



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

of   t a s k s .  

The  f e a t u r e   o f   t h e   p r e s e n t   i n v e n t i o n ,   as  s h o w n .  

in   F i g .   2,  r e s i d e s   in   t h e   f a c t   t h a t ,   i n   t h e   c a s e   of   t h e  

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

t u b e s   a r e   a r r a y e d   on  t h e   t u b e   p l a t e   g e n e r a l l y   a l o n g   t h e  

i n c l i n e d   a x i s   so  t h a t   t h e   t r a n s f e r   a x i s   of   a  w o r k i n g  

r o b o t   a r e   s e t   in   a t   l e a s t   t h r e e   d i r e c t i o n s   ( h o r i z o n t a l  

o r   v e r t i c a l   a x i s ,   and   d i r e c t i o n s   o f f s e t   t h e r e f r o m   by  60  

and   1 2 0 ° )   to   r a t i o n a l i z e   t h e   m a n n e r   of   t r a n s f e r   of   t h e  

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

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

s e p a r a t e l y   i n   t e r m s   of   (1)  t h e   sum  of   t h e   h o l e s   i n  

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

(2)  t h e   r e m a i n i n g   a r e a ,   t h e   l a t t e r   (2)  i s   g e n e r a l l y  

s m a l l e r   t h a n   t h e   f o r m e r   ( 1 ) .   Thus   t h e   p r e s e n t   i n v e n t i o n  

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

u s i n g   t h e   p o r t i o n   b e t w e e n   t h e   h o l e s   (2)  a f o r e m e n t i o n e d .  

In   o r d e r   to   a c h i e v e   t h e   a b o v e - m e n t i o n e d   o b j e c t  

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

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

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

r o t a t a b l y   h o l d s   an  arm  f o r   h o l d i n g   t h e   w o r k i n g   d e v i c e ,  

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

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

s a i d   body   and   a  u n i t   f o r   s u p p o r t i n g   s a i d   r a i l ,   s a i d   r a i l  

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

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

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



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

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

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

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

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

F i g .   1  s h o w s   an  o v e r a l l   e l e v a t i o n a l   v i e w   of   a n  

e m b o d i m e n t   a c c o r d i n g   t o   t h e   i n v e n t i o n .  

F i g .   2  s h o w s   an  e x p l a n a t o r y   v i e w   i l l u s t r a t i n g  

t h e   a r r a y   o f   h e a t   t r a n s f e r   t u b e s   o f   a  h e a t   e x c h a n g e r .  

F i g s .   3  t o   16  s h o w   e m b o d i m e n t s   o f   F i g .   2  a n d  

in   p a r t i c u l a r   F i g . ' 3   s h o w s   a  p e r s p e c t i v e   v i e w   of   a  

w o r k i n g   r o b o t   a n d   a  c o n t r o l   a p p a r a t u s .  

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

t h e   l i n e   I V - I V   o f   F i g .   4 .  

F i g .   5  s h o w s   a  c r o s s   s e c t i o n a l   v i e w   t a k e n   a l o n g  

t h e   l i n e   V-V  of   F i g .   4 .  

F i g .   6  s h o w s   a  r e a r   v i e w   of   a  w o r k i n g   r o b o t .  

F i g .   7  s h o w s   an  e x p l a n a t o r y   v i e w   i l l u s t r a t i n g  

an  e x a m p l e   o f   t h e   a r r a y   o f   s u p p o r t   r o d s .  

F i g s .   8A  t o   10B  show  e x p l a n a t o r y   v i e w s   o f   t h e  

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

F i g s .   l l   to   13  show  e x p l a n a t o r y   v i e w s   o f   a  

t r a n s f e r   m e c h a n i s m .  

F i g .   14  s h o w s   an  e x p l a n a t o r y   v i e w   of   t h e  

t r a n s f e r   r o u t e   o f   t h e   w o r k i n g   r o b o t .  

F i g s .   15  a n d   16  show  w o r k i n g   f l o w   c h a r t s   f o r  

a  r o b o t .  



F i g s .   17A  to   19  show  e x p l a n a t o r y   v i e w s   i l l u s -  

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

F i g s .   20  to   23  show  e x p l a n a t o r y   v i e w s   i l l u s -  

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

F i g .   24  show  a  c r o s s   s e c t i o n a l   v i e w   i l l u s t r a t i n g  

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

w o r k i n g   a r m .  

F i g .   25  shows   a  c r o s s   s e c t i o n a l   v i e w   i l l u s t r a t i n g  

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

w o r k i n g   a r m .  

F i g .   26  s h o w s   an  o v e r a l l   e l e v a t i o n a l   v i e w  

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

a c c o r d i n g   to   t h e   i n v e n t i o n .  

F i g .   27  shows   a  c r o s s   s e c t i o n a l   v i e w   t a k e n  

a l o n g   t h e   l i n e   X X V I I - X X V I I   of  F i g .   2 6 .  

DETAILED  DESCRIPTION  OF  PREFERRED  EMBODIMENTS 

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

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

d r a w i n g s .  

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

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

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

t r a n s f e r r e d   a l o n g   t h e   s u r f a c e   of   t u b e   p l a t e   4  p o s i t i o n e d  

w i t h i n   t h e   w a t e r   c h a m b e r   3  o f   t h e   c o n d e n s e r   w h i c h   i s  

c o n n e c t e d   to   t h e   c o n d e n s e r   b o d y   2  u n d e r   t h e   c o n t r o l   of   a  

c o n t r o l - o p e r a t i o n a l   u n i t   6  t h r o u g h  t h e   m e d i u m   of  a  

c o n t r o l   c a b l e .   A  w o r k i n g   d e v i c e   7  r e t a i n e d   a t  t h e   end  o f  



t h e   w o r k i n g   a rm  i s   c o n n e c t e d   by  t h e   w o r k i n g   c a b l e   9  t o  

an  o p e r a t i o n   c o n t r o l - r e c o r d i n g   u n i t   8  u n d e r   t h e   c o n t r o l  

o f   w h i c h   i t   e f f e c t s   t h e   w o r k   w h i l e   t h e   r o b o t   i s   b e i n g  

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

t h e   c o n t r o l - r e c o r d i n g   d e v i c e   8.  The  r o b o t   1  i s   c a r r i e d  

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

i n t e r i o r   t h e r e o f .  

F i g s .   1,  4  and   5  show  o v e r a l l   c o n s t r u c t i o n s   o f  

r o b o t   1,  F i g .   1  b e i n g   an   e l e v a t i o n a l   v i e w   o f   r o b o t   1  s e e n  

f r o m   t h e   s i d e   o f   t h e   w a t e r   c h a m b e r ,   F i g .   4  b e i n g   a  c r o s s  

s e c t i o n a l   v i e w   t a k e n   a l o n g   t h e   l i n e   V I - V I   o f   F i g .   1  a n d  

F i g .   5  b e i n g   a  c r o s s   s e c t i o n a l   v i e w   t a k e n   a l o n g   t h e  

l i n e   V-V  of   F i g .   4 .  

The   b o d y   o f   r o b o t   1  c o m p r i s e s   a  d r i v e   u n i t   1 2  

f o r   d r i v i n g   t h e   b o d y   s u p p o r t   u n i t   12,   d r i v e   u n i t s   1 3 A ,  

13B,   13C  and   13D  f o r   d r i v i n g   r a i l s   1,  a  d r i v e   u n i t   14  f o r  

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

arm  16  h a v i n g   a  h a n d l e   15  ( F i g .   1)  f o r   h o l d i n g   t h e  

w o r k i n g   d e v i c e   a t   t h e   end  t h e r e o f ,   w h i c h   i s   d r i v e n   b y  

s a i d   d r i v e   u n i t   1 4 .  

The  d r i v e   u n i t   13  f o r   d r i v i n g   r a i l s   i s   i n t e n d e d  

f o r   d r i v i n g   r a i l s   17A,  17B,  17C  and   17D  ( F i g .   1 ) .   I n  

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

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

p o s i t i o n e d   on  t r a n s f e r   a x e s   A,  18A  w h i c h   c o i n c i d e   w i t h  

t h e   h o r i z o n t a l   a x i s   of   t u b e   p l a t e   14  as  w e l l   as  o n  

t r a n s f e r   a x e s   B  a n d   18B,  C  a n d   18C,  and   D  and   18D  i n c l i n e d  

by  6 0 ° ,   120°   and   90°  r e l a t i v e   to   t h e   s h a f t   A .  



A d d i t i o n a l l y ,   r a i l s   17A,  17B,  17C  and  17D  a r e  

m o u n t e d   on  e a c h   o f   t h e   r a i l   s u p p o r t   u n i t s   A,  19A,  1 9 B ,  

C,  19C,  D ,  1 9 D   a t   b o t h   e n d s   t h e r e o f .  

The  p o s i t i o n a l   r e l a t i o n   b e t w e e n   t h e   body   11  a n d  

e a c h   r a i l   17,   as  s e e n   in   F i g .   5  can   be  v a r i e d   by  a c t u a t i n g  

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

u n i t   13B.  A l t h o u g h   n o t   s h o w n ,   t h e   same  can   be  s a i d   o f  

r a i l   d r i v e   u n i t s   13A,  13C  and  13D.  S u p p o r t   r o d s   21  a n d  

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

of   h e a t   t r a n s f e r   t u b e   25  l o c a t e d   on  t h e   s u r f a c e   of  t u b e  

p l a t e   4  w i t h i n   t h e   i n t e r i o r   of   d r i v e   u n i t   12  ( F i g .   4 )  

and  d r i v e   u n i t   19  so  t h a t   by  t h e   a c t u a t i o n   of  a c t u a t o r s  

23  and  24  t h e y   c an   be  f r e e l y   f e d   i n t o   and   d r a w n   o u t   a n d  

f r o m   t h e   i n t e r i o r   o f   t u b e   2 5 .  

F i g .   6  s h o w s   a  r e a r   v i e w   of   w o r k i n g   r o b o t   1  a s  

shown  in   F i g .   1,  i l l u s t r a t i n g   t h e   l o c a t i o n   of  w o r k i n g  

r o d s   21  and  2 2 .  

A  p l u r a l i t y   of   s u p p o r t i n g   r o d s   i s   d i s p o s e d  

s u c h   as  to   s e c u r e l y   h o l d   t h e   b o d y   11  of   t h e   w o r k i n g   r o b o t  

and   r a i l   17.   The  l o c a t i o n   of   s u p p o r t i n g   r o d s   21,   a n d  

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

t h e   t u b e   p l a t e ,   F i g .   7  s h o w i n g   an  e x a m p l e   o f   t h e   a r r a n g e -  

m e n t   t h e r e o f .   F i g .   7  i s   an  e x p l a n a t o r y   v i e w   of   t h e  

a r r a n g e m e n t   o f   s u p p o r t i n g   r o d s   on  t h e   mesh   26  of   a  t u b e  

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

C i r c l e s   21A  and   22B  m a r k e d   on  t h e   mesh   26  e a c h  

d e n o t e   t h e   p o s i t i o n s   w h e r e   s u p p o r t i n g   r o d s   21,   and  22  

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



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

d i f f e r s   f r o m   o n e   t o   t h e   o t h e r ,   t h e   d r i v e   u n i t   12  f o r  

d r i v i n g   t h e   b o d y   s u p p o r t   d e v i c e   and   t h e   d r i v e   u n i t   1 9  

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

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

to   a p p l y   t h i s   r o b o t   1  to   a  v a r i e t y   o f   h e a t   e x c h a n g e r s .  

F i g s .   8  t o   10  show  e n l a r g e d   v i e w s   o f   a  d e v i c e  

and   m e c h a n i s m   f o r   h o l d i n g   t h e   w o r k i n g   r o b o t   1,  e s p e c i a l l y  

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

F i g s .   8A,  9B  and   10B  r e p r e s e n t   s i d e   e l e v a t i o n a l   v i e w s  

r e s p e c t i v e l y   o f   F i g .   8A,  9A  and   1 0 A .  

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

d r i v i n g   t h e   r a i l   s u p p o r t   d e v i c e ,   t h e   s u p p o r t   r o d   22,   a n  

a i r   b a g   p a d   31 ,   an  a i r   p i p e   32 ,   and   a  f l a n g e   a s  a   s t o p p e r ,  

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

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

S t e p   1  ( s e e   F i g .   8A  and   8B) ;   make   t h e   c e n t r a l  

a x e s   o f   s u p p o r t   r o d   22  and   t h e   h e a t   t r a n f e r   t u b e s   25  o n  

t h e   t u b e   p l a t e   c o i n c i d e   w i t h   e a c h   o t h e r .  

S t e p   2  ( F i g s .   l0A  and   1 0 B ) ;   t h e   a i r   i s   f e d   v i a  

t h e   a i r   p i p e   32  i n t o   t h e   a i r   b a g   p a d   to   e x p a n d   t h e   p a d  

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

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

To  r e l e a s e   t h e   h o l d i n g   a c t i o n ,   t h e   a b o v e -  

m e n t i o n e d   s t e p s   may  be  r e v e r s e d .   The  p r e s e n t   h o l d i n g  

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

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

N e x t ,   F i g s .   11  t o   13  show  t h e   m e c h a n i s m   f o r  



m o v i n g   a  w o r k i n g   r o b o t .   In  t h i s   c a s e ,   t a k e   as  an  e x a m p l e  

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

m e c h a n i s m   and  t h e   b o d y   of   r o b o t   11  i s   p o s i t i o n e d   a t   t h e  

l o w e r   end  of   r a i l   1 7 .  

S t e p   1  ( s e e   F i g .   1 1 ) ;   t h e   body   11  of   t h e   r o b o t  

i s   moved   to   t h e   u p p e r   end  of   r a i l   17  by  a c t u a t i n g   t h e  

a c t u a t o r   of   t h e   r a i l   d r i v e   u n i t   1 3 .  

S t e p   2  ( s e e   F i g .   1 2 ) ;   a f t e r   a l i g n i n g   t h e  

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

t h e   r o d   21  i s   f e d   i n t o   t h e   i n t e r i o r   of  h e a t   t r a n s f e r   t u b e s  

so  t h a t   t h e  b o d y   11  of   t h e   r o b o t   may  be  s u p p o r t e d   by  s a i d  

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

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

f rom  t h e   i n t e r i o r   of   h e a t   t r a n s f e r   t u b e s   a n d ,   by  a c t u a t i n g  

t h e   a c t u a t o r  o f   t h e   r a i l   d r i v e   u n i t ,   to  move  t h e   r a i l   17  

u p w a r d l y .  

S t e p   3  ( s e e   F i g .   1 3 ) ;   a f t e r   a l i g n i n g   t h e   s u p p o r t  

r o d   22  w i t h   t h e   c e n t r a l   a x i s   of   t h e   h e a t   t r a n s f e r   t u b e ,  

t h e   r o d   22  i s   f e d   i n t o   t h e   i n t e r i o r   of   t h e   h e a t   t r a n s f e r  

t u b e   t o   a l l o w   t h e   r a i l   17  to   be  n e e d   by  t h e   r a i l   h o l d i n g  

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

i s   r e l e a s e d   t o   d r a w   o u t   t h e   s u p p o r t   rod   21  f r o m   t h e  

i n t e r i o r   o f   t h e   h e a t   t u b e .  

At  t h e   end  of   s t e p   3  t h e   c o n d i t i o n   in   w h i c h   t h e  

w o r k i n g   r o b o t   1  i s   h e l d   i s   r e s t o r e d   to  t h e   one   m e n t i o n e d  

in   s t e p   1,  t h e   w o r k i n g   r o b o t   1  b e i n g   moved  u p w a r d l y   b y  

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

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



r o b o t   a l o n g   o t h e r   a x e s   a r e   c o m p l e t e l y   t h e   same   as  t h i s  

b a s i c   o n e .  

F i g .   14  s h o w s   t h e   m e t h o d   o f   p r o d u c i n g   a  p a r t  

o f   t r a n s f e r   r o u t e   41  on  t h e   s u r f a c e   o f   t u b e   p l a t e   4  o f  

r o b o t   1,  t a k i n g   t h e   c o n d e n s e r   u s e d   f o r   t h e   p o w e r   p l a n t   b y  

way  o f   e x a m p l e .  

A  h a n d   f o r   h o l d i n g   t h e   w o r k i n g   d e v i c e   o f   r o b o t  

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

f r e e d o m   3  and   1  r e s p e c t i v e l y   i n   t h e   r e c t i l i n e a r   d i r e c t i o n  

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

w h i c h   w o r k i n g   a rm  16  i s   e x t e n d e d .   C o n s e q u e n t l y ,   i t   i s  

c l e a r   t h a t   t h e   h o l d i n g   h a n d   16  c an   r e a c h   e v e r y   c o o r d i n a t e  

2  ( r ,   6)  p o s i t i o n e d   on  t h e   s u r f a c e   of   t h e   t u b e   p l a t e .  

F u r t h e r m o r e ,   t h e   h o l d i n g   h a n d l e   16 ,   i n   a d d i t i o n   t o  

t r a v e l l i n g   a l o n g   a x e s   X  and   Y,  c a n   i m p l e m e n t   t h e   w o r k   o n  

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

t r a n s f e r   r o u t e   41  s h o w n   in   t h i s   F i g u r e   s i n c e   a  t r a n s f e r  

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

T h i s   t r a n s f e r   r o u t e   may  be  d e c i d e d   s u c h   t h a t ,   by  d r a w i n g  

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

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

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

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

h e a t   t r a n s f e r   t u b e s .  

F i g s .   15  and   16  show  f l o w   c h a r t s   f o r   t h e  

t r a v e l l i n g   and   o p e r a t i o n   o f   a  w o r k i n g   r o b o t   a c c o r d i n g   t o  

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

g r e a t e r   d e t a i l   as  f o l l o w s :  



S t a r t :   I n p u t   i n t o   a  c o n t r o l   u n i t   of   a  m a t r i x  

of   h e a t   t r a n s f e r   t u b e s   l o c a t e d   on  t h e   t u b e   p l a t e ;  

C o o r d i n a t e s   on  w h i c h   h e a t   t r a n s f e r   t u b e s   a r e  

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

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

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

M o u n t i n g   of   t h e   w o r k i n g   r o b o t ;   t h e   w o r k i n g  

r o b o t   1  i s   m o u n t e d   on  t h e   s u r f a c e   of   t u b e   p l a t e   4  as  w e l l  

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

in   t h e   c o n t r o l   and  o p e r a t i o n a l   u n i t .  

F o r m a t i o n   o f   t h e   o p t i m u m   t r a n s f e r   r o u t e   by  t h e  

c o n t r o l   u n i t ;   t h e   t r a n s f e r   r o u t e   as  shown  in   F i g .   14  i s  

c a l c u l a t e d   by  t h e   c o n t r o l   u n i t .   At  t h e   same  t i m e   d a t a  

i s   p r e p a r e d   as  to   t h e   t r a v e l   p a t h   ( m i n o r   t r a n s f e r   r o u t e  

of  t h e   same  t r a n s f e r   a x i s )   c o n s t i t u t i n g   t h e   t r a n s f e r  

r o u t e   and  t h e   t r a v e l   s t e p   f o r m i n g   t h e   t r a v e l   p a t h   ( t r a v e l  

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

t h e   s u b s e q u e n t   c o n t r o l   of   t h e   r o b o t .  

The  t r a n s f e r   of   t h e   r o b o t   a l o n g   t h e   r a i l ;   t h e  

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

r a i l .  

D e c i s i o n   as   to   r a n g e   of   h e a t   t r a n s f e r   t u b e s ;  

t h e   r a i l  . i s   f i x e d   f r o m   t h i s   s t a g e   o n .  

H e a t   t r a n s f e r   t u b e s   a r e   p i c k e d   up  w h i c h   c an   b e  

c o v e r e d   by  t h e   r o b o t   b o d y   b e i n g   moved  on  t h e   r a i l .  

S e t t i n g   of  o p e r a t i o n   s e q u e n c e   of   h e a t   t r a n s f e r  

t u b e s ;   t h e   o p e r a t i o n   s e q u e n c e   f o r   t h e   h e a t   t r a n s f e r   t u b e s  

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



d e t e r m i n e d .  

H e r e i n a f t e r   v a l u e s  r ,   and   9  a r e   c a l c u l a t e d   a s  

to   e a c h   h e a t   t r a n s f e r   t u b e ;  

T r a v e l l i n g   o f   r o b o t   b o d y   and   r o t a t i o n   o f   w o r k i n g  

a rm;   t h e   a p p r o p r i a t e   a c t i o n   a p a b l e   of   m i n i m i z i n g   t h e  

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

may  be  m i n i m i z e d ,   t h e   c e n t e r   o f   t h e   w o r k i n g   h a n d   b e i n g  

a l i g n e d   w i t h   s a i d   c o o r d i n a t e s   r ,   and   6  by  m o v i n g   t h e  

r o b o t   b o d y   and   r o t a t i n g   t h e   w o r k i n g   a r m .  

I m p l e m e n t a t i o n   o f   r o b o t   o p e r a t i o n ;  

R e c o r d i n g   o f   o p e r a t i o n   r e s u l t s ;   r e s u l t s   o f  

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

r e c o r d i n g   u n i t .  

T e r m i n a t i o n ;   t h e   a f o r e - m e n t i o n e d   f l o w   h a s  

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

l o o p s   A,  B  a n d   C  as  in   F i g s .   15  and   1 6 .  

A c c o r d i n g   to   t h e   p r e s e n t   e m b o d i m e n t   as  d e s c r i b e d  

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

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

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

of   m o v e m e n t   a n d   w h i c h   i s   e c o n i m i c a l   as  w e l l .  

F i g s .   17A  to   19  show  f u r t h e r   e m b o d i m e n t s  

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

w i t h   t h e   o n e s   s h o w n   i n   F i g s .   8A  t o   10B,  d i f f e r   in   t h e  

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

r a i l .  

F i g .   17A  s h o w s   an  e n l a r g e d   v i e w   of   t h e   d r i v e  

u n i t   19  f o r   d r i v i n g   t h e   r a i l   h o l d i n g   u n i t   and   F i g .   1 7 B  



s h o w s   a  s i d e   p r o f i l e   t h e r e o f .   F i g .   17  d i f f e r s   f rom  t h e  

e m b o d i m e n t   shown  in   F i g .   8  in   t h a t   a  pad   51  i s   p r o v i d e d  

a t   t h e   end  of   t h e   r o d   c o m p r i s i n g   h a r d   r u b b e r ,   or   t h e   l i k e  

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

o f   h e a t   t r a n s f e r   t u b e   2 5 .  

F i g .   18  i s   an  e x p l a n a t o r y   v i e w   i l l u s t r a t i n g  

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

t h e   r a i l   s u p p o r t   u n i t   w h e r e i n   t h e   s u p p o r t   r o d   22  can   b e  

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

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

t u b e )   r e l a t i v e   to   t h e   s u r f a c e   of   a  t u b e   p l a t e ,   b u t   a l s o  

p a r a l l e l   to   t h e   t u b e   p l a t e ,   i . e . ,   in   t h e   d i r e c t i o n   i n  

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

i n c r e a s e d   or   d e c r e a s e d .   The  h o l d i n g   m e c h a n i s m   a c c o r d i n g  

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

s t e p   3  f r o m   t h e   e m b o d i m e n t   shown  p r e v i o u s l y .   In  s t e p   3 

t h e   s u p p o r t   r o d   22,  as   shown  in   F i g .   19,   i s   moved  h o r i -  

z o n t a l l y ,   as  shown  by  a  p a i r   of   a r r o w s   in   F i g .   18,   b y  

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

to   p r e s s   t h e   o u t e r   s u r f a c e   of   pad   51  a g a i n s t   t h e   i n n e r  

s u r f a c e   of   h e a t   t r a n s f e r   t u b e s   25  so  t h a t   t h e   h e a t  

t r a n s f e r   t u b e   25  can   be  c l a m p e d ,   as  shown  in   F i g .   1 9 .  

T h i s   h o l d i n g   m e c h a n i s m   i s   a l s o   t h e   same  as  t h e   one   f o r  

t h e   d r i v e   u n i t   12  f o r   d r i v i n g   t h e   b o d y   s u p p o r t   u n i t .  

A c c o r d i n g   to   t h e   p r e s e n t   e m b o d i m e n t ,   s i n c e   t h e  

s u p p o r t   r o d   12  can   be  moved   a t   a  r i g h t   a n g l e   r e l a t i v e   t o  

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

r o b o t   1  can   be  u s e d   on  a  v a r i e t y   of   s u r f a c e s   of  t u b e  



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

r e p l a c i n g   t h e   d r i v e   u n i t   19  f o r   d r i v i n g   t h e   r a i l   s u p p o r t  

u n i t   1  a n d   t h e   d r i v e   u n i t   12  f o r   d r i v i n g   t h e   b o d y   s u p p o r t  

u n i t .  

F i g s .   20  t o   23  show  f u r t h e r   e m b o d i m e n t s  

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

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

h o l d i n g   t h e   r o b o t   b o d y   and   t h e   r a i l .  

F i g .   20  i s   an  e n l a r g e d   v i e w  o f   t h e   d r i v e   u n i t  

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

F i g s .   8  and  17  in   t h a t   a  pad   c o m p r i s i n g   a  h o l d i n g   b a n d  

61  and   a  b a n d   s t i f f e n e r   62  i s   p r o v i d e d   a t   t h e   end  o f   a  

r o d .   M o r e o v e r ,   an  a i r   p i p e   63  and   t h e   e l e c t r i c   c a b l e   6 4  

a r e   c o n n e c t e d   to   s a i d   p a d .   The  h o l d i n g   b a n d   i s   made  o f  

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

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

s h o w n   in   F i g .   21 ,   t h e   s u r f a c e   S  b e i n g   c o n t r u c t e d   in   a  

c o l u m n a r   f o r m .  

F i g .   22  s h o w s   a  c r o s s   s e c t i o n a l   v i e w   of   a  p a d  

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

p r o v i d e d   a  c o i l e d   s p r i n g   65,   t h e   b a n d   s t i f f e n e r   62A 

b e i n g   s l i d a b l e   r e l a t i v e   t o   t h e   s u p p o r t   r o d   22  and  t h e  

s t i f f e n e r   62B  b e i n g   f i x e d .  

As  shown  i n   t h i s   F i g .   22,   a t   a  c o l d   t e m p e r a t u r e  

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

s p r i n g   65  in   t h e   a x i a l   d i r e c t i o n   o f   s u p p o r t   r o d   22  s o  

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

i n n e r   d i a m e t e r   o f   h e a t   t r a n s f e r   t u b e   2 5 .  



F i g .   23  s h o w s   s u c h   a  c o n d i t i o n   i n  w h i c h   t h e  

h o l d i n g   pad   61  i s   s u p p l i e d   w i t h   c u r r e n t   a n d  h e a t e d   by  t h e  

e l e c t r i c   c a b l e   64.  The  h o l d i n g   b a n d   61  h e a t e d   to  a  h i g h  

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

s p r i n g   65  by  t h e   a c t i o n   of   t h e   c o n f i g u r a t i o n   m e m o r i z i n g  

a l l o y   so  t h a t   i t   may  a s s u m e   a  f o r m   as  s h o w n  i n   F i g .   2 1 ,  

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

F i g .   23.  The  a i r   p i p e   63  c o n n e c t e d   to   t h e   pad   i s   i n t e n d e d  

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

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

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

in   F i g .   2 2 .  

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

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

S t e p   3.  ( In   S t e p s   1  and   2  t h e   pad   a s s u m e s   t h e   c o n d i t i o n  

shown  in  F i g .   22  so  t h a t   i t   c an   b e  f e d  i n t o   t h e   i n t e r i o r  

of   a  h e a t   t u b e ) ;  i n   S t e p  3   by  f e e d i n g  t h e  c u r r e n t   v i a  

t h e   e l e c t r i c   c a b l e   64  to   h e a t   t h e   p a d ,   t h e   l a t t e r   i s  

e x p a n d e d   as  shown  in   F i g .   23  s u c h  a s  t o  b e   p r e s s e d  

f o r c i b l y   a g a i n s t   t h e  i n t e r i o r   of   h e a t   t r a n s f e r   t u b e   2 5 .  

The  a i r   f l o w s   o u t   v i a   t h e   a i r   p i p e   63  a f t e r   t h e   c u r r e n t  

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

a f t e r   t h e   pad   h a s   b e e n   r e s t o r e d   to   t h e   s i t u a t i o n   shown  i n  

F i g .   22,  t h e   s u p p o r t   r o d   22  i s   d r a w n   o u t  f r o m   t h e   i n n e r  

s u r f a c e   of   h e a t   c o n d u c t i o n   t u b e   25.  The  h o l d i n g   m e c h a n i s m  

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

t h a t   of  t h e   d r i v e   u n i t   12  f o r   d r i v i n g   t h e   body   s u p p o r t  

d e v i c e .  



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

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

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

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

F i g .   24  s h o w s   an  e m b o d i m e n t   o f   t h e   t e l e s c o p i c   m e c h a n i s m  

o f   t h e   w o r k i n g   arm  16 ,   t h e   s h a f t   of   arm  66  b e i n g   s l i d a b l y  

i n s e r t e d   i n t o   t h e   t u b u l a r   b o d y   67  and   t h r e a d a b l y   c o n n e c t e d  

w i t h   t h e   d r i v e   s h a f t   6 8 .  

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

s h a f t   66  and   t h e   t u b u l a r   b o d y   67  a r e ,   f o r   e x a m p l e ,  

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

e a c h   o t h e r .   The  d r i v e   s h a f t   68  i s   r o t a t e d   by  t h e   d r i v e  

m o t o r   69  so  t h a t   t h e   w o r k i n g   arm  16  w i l l   be  t e l e s c o p e d  

d u e   to   t h e   t h r e a d a b l e   c o n n e c t i o n   w i t h   t h e   a rm  s h a f t   6 6 .  

F i g .   25  shows   a  f u r t h e r   e m b o d i m e n t   o f   a  

t e l e s c o p i c   m e c h a n i s m   of   t h e   w o r k i n g   arm  16  w h e r e i n   t h e  

arm  s h a f t   66  p o s i t i o n e d   w i t h i n   t h e   a i r   c y l i n d e r   70  i s  

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

A r r o w s   show  t h e   d i r e c t i o n   i n   w h i c h   t h e   a i r   f l o w s   i n   a n d  

i s   d i s c h a r g e d .   F i g s .   26  a n d   27  show  f u r t h e r   e m b o d i m e n t s  

o f   a  w o r k i n g   r o b o t ,   w h i c h   d i f f e r   f r o m   t h e   o n e   shown  i n  

F i g .  1   i n   t h a t   t h e y   c o m p r i s e   t h r e e   s e t s   of   r a i l   d r i v e  

u n i t s   13A,   13B  and   13C  and   r a i l s   17A,  17B  a n d   17C  a n d  

r a i l   s u p p o r t   u n i t s   19A,  19B  a n d   19C,   r e s p e c t i v e l y .  

T a k i n g   i n t o   c o n s i d e r a t i o n   t h e   s t a g g e r e d   a r r a y  

o f   t u b e s ,   e a c h   r a i l   i s   d i s p o s e d   on  t h e   a x i s   A,  18A  w h i c h  

c o i n c i d e s   w i t h   t h e   h o r i z o n t a l   a x i s   ( t h e   v e r t i c a l   a x i s  

d e p e n d i n g   on  t h e   t u b e   a r r a y )   a n d   on  t h e   a x i s   B,  a n d  



18B  and   C  and   18C  w h i c h   a r e   i n c l i n e d   60°  and  120°  r e l a t i v e  

to   s a i d   a x i s   A.  A d d i t i o n a l l y ,   t h e   w o r k i n g   arm  16  p r o v i d e d  

w i t h   t h e   h a n d   15  f o r   h o l d i n g   t h e   w o r k i n g   u n i t   may  b e  

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

t h e   p r e s e n t   e m b o d i m e n t   may  be  c h o s e n   f r o m   a  v a r i e t y   o f  

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

F i g s .   8A  to  10B,  17A  to   19  and  20  to   23.  The  t r a v e l l i n g  

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

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

to  F i g s .   11  to   1 3 .  

The  p r e s e n t   i n v e n t i o n   m a k e s   i t   p o s s i b l e   t o  

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

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

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

w i t h i n   t h e   w a t e r   c h a m b e r   of   a  h e a t   e x c h a n g e r ,   and  p r o v i d e s  

t h e   f o l l o w i n g   a d v a n t a g e s ;  

(a)  As  a  r e s u l t   of   t h e   s h i f t   a x i s   b e i n g   p r o v i d e d  

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

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

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

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

c o n t r o l   l o g i c .  

(b)  Due  to   t h e   m a t t e r s   d e f i n e d   i n   ( a ) ,   t h e   d a n g e r o u s  

and  d i f f i c u l t   wo rk   w h i c h   n e e d s   to   be  e f f e c t e d   w i t h i n  

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

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

to   t h e   e l i m i n a t i o n   of   t h e   n e e d   f o r   human  l a b o r   in   t h e  

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

t h e   s a f e t y   o f   i n s p e c t i o n   w o r k .  



1.  A  w o r k i n g   r o b o t   (1)  p o s i t i o n e d   w i t h i n   a  w a t e r  

c h a m b e r   (3)  o f   a  h e a t   e x c h a n g e r   c o m p r i s i n g :  

a  b o d y   (11)  o f   t h e   w o r k i n g   r o b o t   h a v i n g   a n  

arm  (16)  r o t a t a b l y   m o u n t e d   t h e r e i n   f o r   s u p p o r t i n g   a  

w o r k i n g   d e v i c e   ( 7 ) ,   a  u n i t   (12)  f o r   s u p p o r t i n g   t h e   b o d y  

w h i c h   i s   p r o v i d e d   o n  s a i d   b o d y ,   r a i l s   (17)  f o r   g u i d i n g  

t h e   m o v e m e n t   o f   s a i d   b o d y   a n d   a  u n i t   (19)  f o r   s u p p o r t i n g  

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

b e i n g   c o m p o s e d   o f   a t   l e a s t   t h r e e   s e t s   o f   m e m b e r s   ( 1 7 A ,  

17B,   1 7 C ) ,   a  p l u r a l i t y   o f   s u p p o r t   s h a f t s   ( 21 ,   22)  w h i c h  

a r e   i n s e r t e d   i n t o   t h e   i n t e r i o r   o f   h e a t   t r a n s f e r   t u b e  

(25)  o f   s a i d   h e a t   e x c h a n g e r   s u c h   as  to   f i x e d l y   a b u t  

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

b o d y   s u p p o r t   u n i t   and   s a i d   r a i l   s u p p o r t   u n i t   in   t h e  

d i r e c t i o n   o f   t h e   c e n t r a l   a x i s   o f   s a i d   h e a t   t r a n s f e r  

t u b e s .  

2.  A  w o r k i n g   r o b o t   (1)  p o s i t i o n e d   w i t h i n   a  w a t e r  

c h a m b e r   (3)  o f   a  h e a t   e x c h a n g e r   c o m p r i s i n g :  

a  b o d y   (11)   o f   t h e   w o r k i n g   r o b o t   h o l d i n g  

t e l e s c o p i c a l l y   and   r o t a t a b l y   a n  a r m   (16)  f o r   s u p p o r t i n g  

a  w o r k i n g   d e v i c e   ( 7 ) ,   a  u n i t   (12)  f o r   s u p p o r t i n g   t h e  

b o d y   w h i c h   i s   p r o v i d e d   on  s a i d   b o d y ,   r a i l s   (17)  f o r  

g u i d i n g   t h e   m o v e m e n t   o f   s a i d   b o d y   and   a  u n i t   (19)  f o r  

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

s a i d   r a i l s   b e i n g   4  s e t s   o f   m e m b e r s   (17A,   17B,   17C,   17D)  

and  a  p l u r a l i t y   o f   s u p p o r t   s h a f t s   ( 21 ,   22)  w h i c h   a r e  

i n s e r t e d   i n t o   t h e   i n t e r i o r   o f   h e a t   t r a n s f e r   t u b e s   ( 2 5 )  



of  s a i d   h e a t   e x c h a n g e r   to  f i x e d l y   a b u t   a g a i n s t   t h e   i n n e r  

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

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

a x i s   of   s a i d . h e a t   t r a n s f e r   t u b e s .  

3.  A  w o r k i n g   r o b o t   (1)  p o s i t i o n e d   w i t h i n   a  w a t e r  

c h a m b e r   (3)  o f   h e a t   e x c h a n g e r   as  d e f i n e d   in   C l a i m   2 

w h e r e i n   e a c h   o f   s a i d   p l u r a l i t y   of   s u p p o r t   s h a f t s   (21 ,   2 2 )  

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

in   t h e   d i r e c t i o n   of   c e n t e r   of   a x i s   of   h e a t   t r a n s f e r   t u b e  

(25)  as  w e l l   as  f o r   h o l d i n g   s a i d   s h a f t   s l i d a b l y   i n   s a i d  

d i r e c t i o n   and  a t   t h e   end  t h e r e o f   a  c o n t a i n e r   (31)  i s  

m o u n t e d   w h i c h   e x p a n d s   and   c o n t r a c t s   due  to   t h e   i n j e c t i o n  

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

t a i n e r   c o n t r a c t e d   s a i d   s h a f t   c an   be  s l i d a b l e   w i t h i n   t h e  

h e a t   t r a n s f e r   t u b e   and   when  i t   e x p a n d e d   i t   can   be  h e l d   i n  

an  i n t e n s i v e   a b u t m e n t   w i t h   t h e   i n n e r   w a l l .  

4.  A  w o r k i n g   r o b o t   (1)  p o s i t i o n e d   w i t h i n   a  w a t e r  

c h a m b e r   (3)  of   h e a t  e x c h a n g e r   as  d e f i n e d   in   C l a i m   2 

w h e r e i n   s a i d   s u p p o r t   s h a f t   (21)  p r o v i d e d   to   t h e   b o d y  

s u p p o r t   u n i t   (12)  and   s u p p o r t  s h a f t   (22)  p r o v i d e d   to   t h e  

r a i l   s u p p o r t   u n i t   (19)  a r e   c o n s t r u c t e d   r e s p e c t i v e l y   i n  

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

c an   be  v a r i e d   and   t h e   h e a t   t r a n s f e r   t u b e   (25)  i s   c l a m p e d  

by  s u p p o r t   s h a f t s   i n s e r t e d   t h e r e i n t o   i n   a b u t m e n t   w i t h  

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

s h a f t s   to   be  f i x e d .  

5.  A  w o r k i n g   r o b o t   (1)  p o s i t i o n e d   w i t h i n   a  w a t e r  

c h a m b e r   (3)  of  h e a t   e x c h a n g e r   as  d e f i n e d   in   C l a i m   2 



w h e r e i n   e a c h   o f   s a i d   p l u r a l i t y   o f   s u p p o r t   s h a f t s   (21 ,   2 2 )  

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

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

as   w e l l   as  f o r   h o l d i n g   s a i d   s h a f t   s l i d a b l y   and   a  p a d   ( 6 1 )  

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

by  t h e   h e a t i n g   to   i n c r e a s e   a  d i a m e t e r   t h e r e o f .  

6.  A  w o r k i n g   r o b o t   (1)  p o s i t i o n e d   w i t h i n   a  w a t e r  

c h a m b e r   (3)  o f   a  h e a t   e x c h a n g e r   c o m p r i s i n g :  

a  b o d y   (11)  o f   t h e   w o r k i n g   r o b o t   h o l d i n g  

r o t a t a b l y   an  a rm  (16)  f o r   s u p p o r t i n g   a  w o r k i n g   d e v i c e  

( 7 ) ,   a  u n i t   (12)  f o r   s u p p o r t i n g   t h e   b o d y   w h i c h   i s   p r o v i d e d  

on  s a i d   b o d y ,   t r a n s f e r   r a i l   (17)  f o r   g u i d i n g   t h e   m o v e m e n t  

o f   s a i d   b o d y   and   a  u n i t   (19)   f o r   s u p p o r t i n g   r a i l s   w h i c h  

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

c o n s t r u c t e d   of   t h r e e   s e t s   o f   m e m b e r s   (17A,   17B',  17C,   17D)  

i n t e r s e c t i n g   a t   an  a n g l e   o f   60  w i t h   e a c h   o t h e r   and   a  

p l u r a l i t y   o f   s u p p o r t   s h a f t s   ( 2 1 ,   22)  w h i c h   a r e   i n s e r t e d  

i n t o   t h e   i n t e r i o r  o f   h e a t   t r a n s f e r   t u b e   (25)  o f   s a i d  

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

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

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

h e a t   t r a n s f e r   t u b e .  

7.  A  w o r k i n g   r o b o t   (1)  p o s i t i o n e d   w i t h i n   a  w a t e r  

c h a m b e r   (3)  o f   h e a t   e x c h a n g e r   as   d e f i n e d   i n   C l a i m   6 

w h e r e i n   e a c h   o f   s a i d   p l u r a l i t y   o f   s u p p o r t   s h a f t s   ( 21 ,   2 2 )  

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

i n   t h e   d i r e c t i o n   of   c e n t e r   o f   a x i s   o f   h e a t   t r a n s f e r  

t u b e   (25)   as   w e l l   as  f o r   h o l d i n g   s l i d a b l y   s a i d   s h a f t   i n  



s a i d   d i r e c t i o n   and  a  c o n t a i n e r   ( 3 l )   a t   t h e   end  t n e r e o f  

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

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

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

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

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

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

8.  A  w o r k i n g   r o b o t   (1)  p o s i t i o n e d   w i t h i n   a  w a t e r  

c h a m b e r   (3)  of   h e a t   e x c h a n g e r   as  d e f i n e d   in   C l a i m   6 

w h e r e i n   s a i d   s u p p o r t   s h a f t   (21)  p r o v i d e d   to   t h e   b o d y  

s u p p o r t   u n i t   (12)  and  t h e   s u p p o r t   s h a f t   (22)  p r o v i d e d  

to  t h e   r a i l   s u p p o r t   u n i t   (19)  a r e   c o n s t r u c t e d   r e s p e c t i v e l y  

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

a n o t h e r   and   t h e   h e a t   t r a n s f e r   t u b e s   (25)  a r e   c l a m p e d   b y  

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

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

9.  A  w o r k i n g   r o b o t   (1)  p o s i t i o n e d   w i t h i n   a  w a t e r  

c h a m b e r   (3)  o f   h e a t   e x c h a n g e r   as  d e f i n e d   in   C l a i m   6 

w h e r e i n   e a c h   of   s a i d   p l u r a l i t y   of   s u p p o r t   s h a f t s   (21 ,   2 2 )  

i s   p r o v i d e d   w i t h   a  means   f o r   d r i v i n g   s a i d   s u p p o r t   s h a f t  

in   t h e   d i r e c t i o n   of   c e n t e r   o f   a x i s   of   h e a t   t r a n s f e r   t u b e  

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

(16)  made  of   c o n f i g u r a t i o n   m e m o r i z i n g   a l l o y   w h i c h   i s  

d e f o r m e d   by  h e a t i n g   t o   i n c r e a s e   a  d i a m e t e r   t h e r e o f .  

10.   A  w o r k i n g   r o b o t   (1)  p o s i t i o n e d   w i t h i n   a  w a t e r  

c h a m b e r   (3)  of   h e a t   e x c h a n g e r   as  d e f i n e d   in   C l a i m   6 

w h e r e i n   s a i d   body   (11)  of   w o r k i n g   r o b o t   h o l d s   t h e   a r m  

(16)  f o r   s u p p o r t i n g   s a i d   w o r k i n g   d e v i c e   (17)  r o t a t a b l y  



by  3 6 0 ° .  

11.   A  w o r k i n g   r o b o t   (1)  p o s i t i o n e d   w i t h   a  w a t e r  

c h a m b e r   (3)  o f   h e a t   e x c h a n g e r   as   d e f i n e d   i n   C l a i m   6 

w h e r e i n   s a i d  b o d y   (11)   o f   w o r k i n g   r o b o t   h o l d s   t e l e s c o -  

p i c a l l y   t h e   arm  (16)  f o r   s u p p o r t i n g   s a i d   w o r k i n g   d e v i c e  

( 7 ) .  
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