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©  On-load  tap  changer. 
©  An  on-load  tap  changer  of  the  present  invention  com- 
prises  a  switch  18  including  an  arc  interrupting  unit  20,  a 
vessel  16  containing  therein  the  switch,  an  electrically 
insulating  oil  disposed  within  the  vessel  for  electrically 
insulating  the  switch,  and  a  closed  oil  passage  loop  43  for 
circulating  the  insulating  oil  therealong.  The  loop  includes  a 
conduit  38  having  an  inlet  at  the  bottom  portion  of  the 
interior  of  the  vessel,  the  conduit  upwardly  extending  inside 
of  the  vessel  and  exiting  from  the  upper  portion  of  the  vessel, 
extending  through  a  position  lower  than  the  vessel,  and 
connecting  to  an  upper  portion  of  the  vessel,  the  conduit 
having  formed  therein  a  hole  44  at  a  position  higher  than  the 
arc  interrupting  unit,  the  hole  being  inside  of  the  vessel.  A 
float  valve  46  is  provided  in  the  vessel  for  closing  the  hole  in 
the  conduit  when  the  level  of  the  insulating  oil  within  the 
vessel  is  at  or  higher  than  the  hole  and  opening  the  hole 
when  the  level  of  the  insulating  oil  within  the  vessel  is  lower 
than  the  hole. 
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BACKGROUND  OF  THE  INVENTION 

T h i s   i n v e n t i o n   r e l a t e s   to  an  o n - l o a d   t a p   c h a n g e r ,  

and  more  p a r t i c u l a r l y ,   to  an  o i l - c l e a n i n g   s y s t e m   f o r   a n  

o i l - f i l l e d   o n - l o a d   t a p   c h a n g e r .  

A  d i v e r t e r   s w i t c h   of  a  c o n v e n t i o n a l   o n - l o a d   t a p  

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

of  a  t r a n s f o r m e r   to  a  p r e s e l e c t e d   t a p   by  t h e   t a p   s e l e c t o r   a t  

z e ro   c u r r e n t .   In  o r d e r   to  f a c i l i t a t e   t he   e x t i n g u i s h i n g   o f  

an  e l e c t r i c   a r c   g e n e r a t e d   a t   t he   t i m e   of  c u r r e n t  

c o m m u t a t i o n ,   t h e   d i v e r t e r   s w i t c h   is  e n c l o s e d   w i t h i n   a  v e s s e l  

f i l l e d   w i t h   an  e l e c t r i c a l l y   i n s u l a t i n g   o i l .   The  i n s u l a t i n g  

o i l   is  g r a d u a l l y   p o l l u t e d   and  d e g r a d e d   as  i t   is   d e c o m p o s e d  

to  form  f o r e i g n   m a t e r i a l s   such   as  c a r b o n   and  s l u d g e   by  t h e  

e l e c t r i c   a r c i n g   upon  e a c h   t a p   c h a n g e ,   t h e r e b y   d e g r a d i n g   t h e  

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

t ap   c h a n g e r   f o r   use   w i t h   a  h i g h - v o l t a g e   t r a n s f o r m e r   i s  

p r o v i d e d   w i t h   an  h o t - l i n e   o i l   f i l t e r ,   wh ich   is  a  k i n d   of  a  

f i l t e r   w i t h   a  pump  in  i t ,   and  t h e   i n s u l a t i n g   o i l   is   f i l t e r e d  

t h r o u g h   t h e   o i l   f i l t e r   once   a  day  as  is   w e l l   known  in  t h e  

a r t .  

The  c o n d u i t   c o n n e c t i n g   t h e   v e s s e l   fo r   t h e   d i v e r t e r  

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

at  the   b o t t o m   of  t h e   v e s s e l   of  t h e   t a p - c h a n g e r   i s   s u c t i o n e d  

i n t o   t he   c o n d u i t   and  pumped  t h r o u g h   t he   o i l   f i l t e r   of  t h e  

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



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

t h e   t o p   of  t h e   t r a n s f o r m e r   t a n k ,   and  t he   o i l   f i l t e r   i s  

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

same  l e v e l   as  t h e   b o t t o m   of  t h e   t r a n s f o r m e r   t a n k .   A l s o ,  

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

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

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

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

the   u p p e r   p o r t i o n   of  t h e   v e s s e l   wh ich   is  s e c u r e d   to   t h e  

u p p e r   t a n k   of  t h e   t r a n s f o r m e r .   F u r t h e r m o r e ,   s i n c e   t h e  

v e s s e l   is   s u s p e n d e d   f rom  t h e   t o p   p l a t e   of  t h e   t r a n s f o r m e r  

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

h i g h e r   t h a n   t h a t   of  t h e   o i l   f i l t e r .  

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

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

c h a r a c t e r i s t i c s .  

When  i n s u l a t i n g   o i l   l e a k s   f rom  t h e   f i l t e r   or  t h e  

pump  of  t h e   o i l   f i l t e r ,   t h e   i n s u l a t i n g   o i l   w i t h i n   t h e  

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

o i l   l e v e l   w i t h i n   t h e   v e s s e l   f a l l s .   T h i s   l o w e r i n g   of  t h e  

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

l e v e l   a t   t h e   i n l e t   of  t h e   s u c t i o n   c o n d u i t   b e c a u s e   t h e  

c o n d u i t   has   an  i n v e r t e d   U - s h a p e   w h i c h   c a u s e s   t h e   U - s h a p e d  

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

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

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

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

i n t e r r u p t i n g   u n i t ,   t h e n   t h e   a r c s   w i l l   not   be  e x t i n g u i s h e d ,  

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



SUMMARY  OF  THE  INVENTION 

A c c o r d i n g l y ,   an  o b j e c t   of  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   an  o n - l o a d   t a p   c h a n g e r   w h i c h   is  f r e e   f rom  t h e  

a b o v e - m e n t i o n e d   d r a w b a c k .  

A n o t h e r   o b j e c t   of  t he   p r e s e n t   i n v e n t i o n   is   t o  

p r o v i d e   an  o n - l o a d   t a p   c h a n g e r   in  w h i c h   t h e r e   is  no  r i s k   o f  

most   of  e l e c t r i c a l l y   i n s u l a t i n g   o i l   f l o w i n g   ou t   f rom  t h e   t a p  

c h a n g e r   s y s t e m .  

A  f u r t h e r   o b j e c t   of  t h e   p r e s e n t   i n v e n t i o n   is   t o  

p r o v i d e   an  o n - l o a d   t ap   c h a n g e r   in  w h i c h   t h e r e   is  no  r i s k   o f  

t h e   l e v e l   of  i n s u l a t i n g   o i l   f a l l i n g   due  to  an  o i l   l e a k   a n d  

t h e   i n t e r r u p t i n g   u n i t   of  t h e   t a p   c h a n g e r   b e i n g   e x p o s e d .  

With   t h e   above   o b j e c t s   in  v i e w ,   an  o n - l o a d   t a p  

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

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

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

v e s s e l   fo r   e l e c t r i c a l l y   i n s u l a t i n g   t h e   s w i t c h ,   and  a  c l o s e d  

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

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

t he   b o t t o m   p o r t i o n   of  t he   i n t e r i o r   of  the   v e s s e l .   T h e  

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

the   u p p e r   p o r t i o n   of  t h e   v e s s e l ,   e x t e n d s   t h r o u g h   a  p o s i t i o n  

l o w e r   t h a n   t h e   v e s s e l ,   and  c o n n e c t s   to  an  u p p e r   p o r t i o n   o f  

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

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

b e i n g   p o s i t i o n e d   i n s i d e   of  t he   v e s s e l .   A  f l o a t   v a l v e   i s  

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

when  t h e   l e v e l   of  t h e   i n s u l a t i n g   o i l   w i t h i n   t h e   v e s s e l   i s   a t  



or  h i g h e r   t h a n   t h e   h o l e   and  o p e n i n g   t h e   h o l e   when  t h e   r e v e l  

of  t h e   i n s u l a t i n g   o i l   w i t h i n   t h e   v e s s e l   is   l ower   t h a n   t h e  

h o l e .  

In  a n o t h e r   e m b o d i m e n t   of  t h e   p r e s e n t   i n v e n t i o n ,   a  

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

an  i n l e t   a t   t he   b o t t o m   p o r t i o n   of  t h e   i n t e r i o r   of  t h e  

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

e x i t s   f rom  a  p o s i t i o n   h i g h e r   t h a n   t h e   a r c   i n t e r r u p t i n g   u n i t  

and  e x t e n d s   to  a  p o s i t i o n   l o w e r   t h a n   t h e   v e s s e l ,   and  a  

s e c o n d   c o n d u i t   c o n n e c t e d   to   t he   f i r s t   c o n d u i t   to  r e t u r n   t h e  

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

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

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

c o n d u i t .   The  s m a l l - d i a m e t e r   p i p e   has   an  i n s i d e   d i a m e t e r  

s u f f i c i e n t l y   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   of  t he   f i r s t  

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

t h e   o i l   f i l t e r   to  be  s u p p l i e d   f rom  t h e   i n l e t   of  t he   c o n d u i t  

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

p o r t i o n   of  t h e   v e s s e l .  

BRIEF  DESCRIPTION  OF  THE  DRAWING 

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

f rom  t h e   f o l l o w i n g   d e t a i l e d   d e s c r i p t i o n   of  the   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 e s e n t   i n v e n t i o n   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 .   1  is  a  d i a g r a m a t i c   v i e w   of  an  o n - l o a d   t a p  

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

i n v e n t i o n ;   a n d  



F i g .   2  is  a  d i a g r a m a t i c   v i ew   of  an  o n - l o a d   t a p  

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

DESCRIPTION  OF  THE  PREFERRED  EMBODIMENTS 

An  o n - l o a d   t a p   c h a n g e r   10  of  t he   p r e s e n t   i n v e n t i o n  

is  i l l u s t r a t e d   in  F i g .   1  as  b e i n g   i n c o r p o r a t e d   i n t o   a n  

e l e c t r i c a l   power   t r a n s f o r m e r   1 2  h a v i n g   a  h e r m e t i c   h o u s i n g  

14.  The  t a p   c h a n g e r   10  c o m p r i s e s   a  h e r m e t i c   v e s s e l   16 

w i t h i n   w h i c h   a  d i v e r t e r   s w i t c h   18  and  an  a rc   i n t e r r u p t e r  

u n i t   20  a r e   e n c l o s e d .   The  v e s s e l   16  has  an  u p p e r   p o r t i o n   22 

and  a  l o w e r   p o r t i o n   24  in  c o m m u n i c a t i o n   w i t h   e a c h   o t h e r .  

The  u p p e r   p o r t i o n   22  of  t he   v e s s e l   16  is  p l a c e d   on  t h e   t o p  

p l a t e   15  of  t h e   t r a n s f o r m e r   h o u s i n g   14  and  t h e   l o w e r   p o r t i o n  

24  of  t h e   v e s s e l   16  is  s u s p e n d e d   i n t o   t he   i n t e r i o r   of  t h e  

t r a n s f o r m e r   h o u s i n g   14.  The  d i v e r t e r   s w i t c h   18  and  t h e   a r c  

i n t e r r u p t i n g   u n i t   20  a r e   d i s p o s e d   w i t h i n   t h e   l o w e r   p o r t i o n  

24  of  t h e   v e s s e l   16.  T h e r e f o r e   t h e y   a r e   p o s i t i o n e d   w i t h i n  

the   t r a n s f o r m e r   h o u s i n g   14,  bu t   a r e   i s o l a t e d   by  t h e   w a l l   o f  

the   v e s s e l   16  f rom  the   i n t e r i o r   of  t h e   t r a n s f o r m e r   h o u s i n g  

1 4 .  

The  t a p   c h a n g e r   v e s s e l   16  is  s u b s t a n t i a l l y   f i l l e d  

w i t h   an  e l e c t r i c a l l y   i n s u l a t i n g   o i l   26  in  o r d e r   to  p r o m o t e  

the   q u i c k   e x t i n c t i o n   of  t h e   a rc   g e n e r a t e d   d u r i n g   t a p  

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

the   i n s u l a t i n g   o i l   26  due  to  t e m p e r a t u r e   c h a n g e s ,   a  

c o n s e r v a t e r   28  c o n n e c t e d   to  a  b r e a z e r   30  by  a  c o n d u i t   32  i s  

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

16  t h r o u g h   a  c o n d u i t   34.  The  t a p   c h a n g e r   10  a l s o   c o m p r i s e s  

an  o i l   f i l t e r   36  which   i n c l u d e s   a  pump  and  a  f i l t e r .   I t   i s  



s e e n   t h a t   t h e   b o t t o m   w a l l   of  t h e   o i l   f i l t e r   36  is   p o s i t i o n e d  

a t   t h e   same  l e v e l   as  t h e   b o t t o m   w a l l   of  t h e   t r a n s f o r m e r  

h o u s i n g   14  and  t h e r e f o r e   t h e   o i l   f i l t e r   36  is   p o s i t i o n e d  

l o w e r   t h a n   t h e   t a p   c h a n g e r   10  wh ich   is   p o s i t i o n e d   a t   t h e  

u p p e r   p o r t i o n   of  t h e   t r a n s f o r m e r   h o u s i n g   1 4 .  

The  i n l e t   of  t h e   o i l   f i l t e r   36  is  c o n n e c t e d   to   t h e  

b o t t o m   p o r t i o n   of  t h e   t a p   c h a n g e r   v e s s e l   16  by  a  f i r s t  

c o n d u i t   38  h a v i n g   an  i n l e t   40  a t   t he   b o t t o m   p o r t i o n   i n s i d e  

the   t a p   c h a n g e r   v e s s e l   16.   The  f i r s t   c o n d u i t   38  has   t h e  

s h a p e   of  an  i n v e r t e d   "U".   T h i s   is  b e c a u s e   t h e   t a p   c h a n g e r  

10  i s   t y p i c a l l y   d e s i g n e d   as  an  a s s e m b l e d   u n i t   w i t h   a t   l e a s t  

p a r t   of  t h e   c o n d u i t   38  i n c o r p o r a t e d   i n t o   t h e   v e s s e l   16  a n d  

i t   is   n o t   d e s i r a b l e   to  d e s i g n   t h e   w a l l s   of  t h e   v e s s e l   16  a n d  

the   t r a n s f o r m e r   h o u s i n g   14  to  be  p e n e t r a t e d   by  t h e   c o n d u i t  

38.  The  o u t l e t   of  t h e   o i l   f i l t e r   36  is  c o n n e c t e d   to  t h e  

u p p e r   p o r t i o n   22  of  t h e   t a p   c h a n g e r   v e s s e l   16  t h r o u g h   a  

s e c o n d   c o n d u i t   42.  T h u s ,   a  c l o s e d   o i l   p a s s a g e   l o o p   43 

c o m p o s e d   of  t h e   v e s s e l   16,   t h e   i n v e r t e d - U   s h a p e d   c o n d u i t   3 8 ,  

t h e   o i l   f i l t e r   36,   and  t h e   s e c o n d   c o n d u i t   42  is   f o r m e d .  

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 ,   t he   i n v e r t e d  

U - s h a p e d   c o n d u i t   38  has   f o r m e d   t h e r e i n   an  a i r   b r e e z i n g   h o l e  

44  a t   i t s   t o p   p o r t i o n .   The  h o l e   44  c o m m u n i c a t e s   t h e   i n s i d e  

of  t h e   c o n d u i t   38  to  t h e   i n t e r i o r   of  t h e   u p p e r   p o r t i o n   22  o f  

t he   t a p   c h a n g e r   v e s s e l   16.   The  h o l e   44  can  be  c l o s e d   by  a  

f l o a t   v a l v e   46  c o m p r i s i n g   a  v a l v e   48  fo r   f l u i d - t i g h t l y  

c l o s i n g   t h e   h o l e   44,  a  r o c k i n g   l e v e r   50  c a r r y i n g   t h e   v a l v e  

48  a t   i t s   one  end  and  p i v o t a l l y   s u p p o r t e d   a t   m i d p o i n t   5 2 ,  

and  a  f l o a t   54  s u p p o r t e d   on  t h e   o t h e r   end  of  t he   l e v e r   5 0 .  

The  f l o a t   v a l v e   46  is  c l o s e d   by  the   c o u n t e r c l o c k w i s e  



r o t a t i o n a l   moment  on  t h e   l e v e r   50  due  to  t h e   b u o y a n c y   of  t h e  

f l o a t   54  when  t h e   o i l   l e v e l   i s  h i g h e r   t h a n   a  p r e d e t e r m i n e d  

l e v e l ,   and  is  o p e n e d   by  t he   c l o c k w i s e   r o t a t i o n a l   moment  d u e  

to  t h e   g r e a t e r   w e i g h t   of  t h e   f l o a t   5 4 .  

In  o r d e r   to  c l e a n   the   i n s u l a t i n g   o i l   26  of  t h e   t a p  

c h a n g e r   10,   t h e   pump  ( n o t   shown)  in  t he   o i l   f i l t e r   36  i s  

e n e r g i z e d   to  s u c t i o n   t h e   i n s u l a t i n g   o i l   26  in  t he   b o t t o m  

p o r t i o n   of  t h e   t a p   c h a n g e r   v e s s e l   16  f rom  t h e   i n l e t   40.  I t  

is  to  be  n o t e d   t h a t   when  the   i n s u l a t i n g   o i l   26  f i l l s   t h e  

u p p e r   p o r t i o n   22  of  t h e   v e s s e l   16,  t h e   b u o y a n c y   of  t h e   f l o a t  

54  p r e s s e s   t h e   v a l v e   48  a g a i n s t   t he   h o l e   44.  T h e r e f o r e ,   t h e  

i n s u l a t i n g   o i l   26  is  s u p p l i e d   i n t o   t h e   o i l   f i l t e r   36  o n l y  

f rom  t h e   i n l e t   40  a t   t h e   b o t t o m   of  the   t a p   c h a n g e r   v e s s e l   16 

and  no  o i l   p a s s e s   t h r o u g h   t he   h o l e   44.  The  o i l   26  s u p p l i e d  

t h r o u g h   t h e   c o n d u i t   38  to  t he   o i l   f i l t e r   36  p a s s e s   t h r o u g h  

t h e   f i l t e r   ( n o t   shown)   of  t h e   o i l   f i l t e r   36  to   be  c l e a n e d .  

The  f i l t e r e d   o i l   26  is   r e t u r n e d   to  t he   u p p e r   p o r t i o n   22  o f  

the   v e s s e l   16  and  d e s c e n d   to  the  b o t t o m   p o r t i o n   of  t h e  

v e s s e l   16.  T h u s ,   t h e   i n s u l a t i n g   o i l   26  r e c i r c u l a t e s   t h r o u g h  

t h e   c l o s e d   o i l   p a s s a g e   l o o p   43  c o m p o s e d   of  t h e   v e s s e l   1 6 ,  

t h e   i n v e r t e d   U - s h a p e d   c o n d u i t   38,  t he   o i l   f i l t e r   36,   t h e  

c o n d u i t   42  and  a g a i n   t h e   v e s s e l   16.  When  t h e   i n s u l a t i n g   o i l  

26  has   been   c l e a n e d ,   t h e   pump  is  d e e n e r g i z e d .  

If  an  o i l   l e a k   o c c u r s   at  t he   o i l   f i l t e r   36  w h i c h  

is  l o w e r   t h a n   t h e   b o t t o m   of  t h e   t ap   c h a n g e r   v e s s e l   16,   t h e  

i n s u l a t i n g   o i l   26  w i t h i n   t h e   t a p   c h a n g e r   v e s s e l   16  f l o w s   o u t  

f rom  t he   i n l e t   40  of  t h e   c o n d u i t   38  t h r o u g h   t h e   c o n d u i t   38 

and  f rom  t h e   l e a k   in  t h e   o i l   f i l t e r   36.  As  t h e   o i l   l e a k  

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



c o n s e r v a t o r   28 ,   and  t h e n   t h e   l e v e l   of  t h e   i n s u l a t i n g   o i l   26 

w i t h i n   t h e   u p p e r   p o r t i o n   22  of  t h e   t a p   c h a n g e r   v e s s e l   16 

g r a d u a l l y   d e s c e n d s .   T h i s   g r a d u a l   d e s c e n d i n g   of  t he   o i l  

l e v e l   c a u s e s   t h e   f l o a t   54  to  a l s o   g r a d u a l l y   d e s c e n d   due  t o  

g r a v i t y   and  when  t h e   o i l   l e v e l   in  t h e   u p p e r   p o r t i o n   22  o f  

t h e   t a p   c h a n g e r   v e s s e l   16  r e a c h e s   t h e   h o l e   44  in  t h e   c o n d u i t  

36,   t h e   f l o a t   54  c a n n o t   p r o v i d e   any  f o r c e   to  p r e s s   t h e   v a l v e  

48  a g a i n s t   t h e   h o l e   44,   t h e r e b y   o p e n i n g   t h e   a i r   b r e a z i n g  

h o l e   44  in  t h e   f i r s t   c o n d u i t   38.   T h e n ,   t he   a i r   i n t r o d u c e d  

w i t h i n   t h e   v e s s e l   16  f rom  t h e   b r e a z e r   30  f l o w s   i n t o   t h e  

s m a l l   h o l e   44  to   p r e v e n t   t h e   f u r t h e r   l o w e r i n g   of  t h e   o i l  

l e v e l   in  t h e   t a p   c h a n g e r   v e s s e l   16  b e c a u s e   t he   i n s u l a t i n g  

o i l   26  in  t h e   u p p e r   p o r t i o n   22  and  t h e   l o w e r   p o r t i o n   24  o f  

t h e   v e s s e l   16  is   t r a p p e d   in  t h e   v e s s e l   16.  The  o i l   26 

w i t h i n   t h e   s e c t i o n   of  t h e   c o n d u i t   38  to  t he   l e f t   of  t h e  

s m a l l   h o l e   44  and  t h e   o i l   in  t h e   o i l   f i l t e r   36  f l o w s   o u t  

t h r o u g h   t h e   l e a k   in  t h e   f i l t e r   36.   T h e r e f o r e ,   even   when  a n  

o i l   l e a k   o c c u r s   in  t h e   o i l   f i l t e r   36 ,   t h e   i n s u l a t i n g   o i l   26 

a r o u n d   t h e   a r c   i n t e r r u p t i n g   u n i t   20  in  t he   v e s s e l   i s  

m a i n t a i n e d .  

As  h a s   been   d e s c r i b e d ,   a c c o r d i n g   to  t he   p r e s e n t  

i n v e n t i o n ,   t h e   o i l   c o n d u i t   has  f o r m e d   t h e r e i n   an  a i r  

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

u n i t ,   and  t h e   h o l e   can  be  o p e n e d   by  a  f l o a t   v a l v e   o n l y   w h e n  

t h e   i n s u l a t i n g   o i l   in  the   v e s s e l   is  r e d u c e d   to  l o w e r   t h a n  

the   l e v e l   of  t h e   h o l e   in  t h e   c o n d u i t .   T h e r e f o r e ,   t h e  

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

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

among  t a p s .  



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

p r e s e n t   i n v e n t i o n ,   in  which   a  c l o s e d   o i l   p a s s a g e   l o o p   56  o f  

t h i s   e m b o d i m e n t   is  d i f f e r e n t   f rom  the   e m b o d i m e n t   shown  i n  

F i g .   1  in  t h a t   an  i n v e r t e d - U   s h a p e d   f i r s t   c o n d u i t   58  s h o w n  

in  F i g .   2  e x t e n d s   o u t s i d e   of  t h e   t a p   c h a n g e r   v e s s e l   16 

w i t h o u t   p a s s i n g   t h r o u g h   t h e   u p p e r   p o r t i o n   22  of  t he   v e s s e l  

16.  T h i s   d e s i g n   is   o f t e n   e m p l o y e d   w h e r e   s p a c e   fo r   t h e   f i r s t  

c o n d u i t   is  no t   a v a i l a b l e   w i t h i n   t h e   t a p   c h a n g e r   v e s s e l   1 6 .  

The  f i r s t   c o n d u i t   58  has  an  i n l e t   60  in  t he   b o t t o m   p o r t i o n  

of  t he   w a l l   of  t h e   v e s s e l   16  and  e x t e n d s   t h r o u g h   t h e   t o p  

p l a t e   19  of  t h e   t a p   c h a n g e r   10.  The  f i r s t   c o n d u i t   58  i s  

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

of  t he   t a p   c h a n g e r   t h r o u g h   a  f l o w   r e s i s t a n c e   p i p e   62  w i t h   a  

s e c o n d   c o n d u i t   64  h a v i n g   an  o u t l e t   65  c o n n e c t i n g   t h e   o i l  

f i l t e r   36  to   t h e   u p p e r   p o r t i o n   22  of  t h e   v e s s e l   16.   The  p i p e  

62  is  d e s i g n e d   to   e x h i b i t   a  v e r y   h igh   f l o w   r e s i s t a n c e  

a g a i n s t   t h e   i n s u l a t i n g   o i l   26  f l o w i n g   t h e r e t h r o u g h   a s  

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

c o n d u i t   58  b e t w e e n   the   i n l e t   60  and  t h e   p i p e   62.   In  t h e  

i l l u s t r a t e d   e m b o d i m e n t ,   t he   p i p e   62  has  a  v e r y   s m a l l   i n n e r  

d i a m e t e r   c o m p a r e d   to  t he   i n s i d e   d i a m e t e r   of  t h e   c o n d u i t   5 8 .  

In  t h i s   e m b o d i m e n t ,   s i n c e   t h e   i n n e r   d i a m e t e r   o f  

the   p i p   62  is   s u f f i c i e n t l y   s m a l l   c o m p a r e d   to  the   i n s i d e  

d i a m e t e r   of  t h e   f i r s t   c o n d u i t   58,   t h e   f l o w   r e s i s t a n c e   of  t h e  

s m a l l   p i p e   62  is   v e r y   h igh   c o m p a r e d   to  t h e   f l o w   r e s i s t a n c e  

of  the   f l o w   p a t h   in  t he   c o n d u i t   58  t h r o u g h   t h e   i n l e t   6 0 .  

T h e r e f o r e ,   most   of  t h e   i n s u l a t i n g   o i l   26  s u p p l i e d   i n t o   t h e  

o i l   f i l t e r   36  is   s u p p l i e d   f rom  t h e   i n l e t   60  a t   t he   b o t t o m   o f  

the   t ap   c h a n g e r   v e s s e l   16  r a t h e r   t h a n   f rom  t he   u p p e r   p o r t i o n  



22  of  t h e   v e s s e l   16  t h r o u g h   t h e   p i p e   62  c o n n e c t e d   t o  t h e  

o u t l e t   end  of  t h e   s e c o n d   c o n d u i t   64.   The  o i l   26  s u p p l i e d  

t h r o u g h   t h e   c o n d u i t   58  to  t h e   o i l   f i l t e r   36  p a s s e s   t h r o u g h  

t h e   f i l t e r   ( n o t   s h o w n )   of  t h e   o i l   f i l t e r   36  to   be  c l e a n e d .  

The  f i l t e r e d   o i l   26  is   r e t u r n e d   t h r o u g h   t h e   s e c o n d   c o n d u i t  

64  to   t h e   u p p e r   p o r t i o n   22  of  t h e   v e s s e l   16  and  d e s c e n d s   t o  

t h e   b o t t o m   p o r t i o n   of  t h e   v e s s e l   16.  T h u s ,   t he   i n s u l a t i n g  

o i l   26  r e c i r c u l a t e s   t h r o u g h   a  c l o s e d   o i l   p a s s a g e   l oop   56 

c o m p o s e d   of  t h e   v e s s e l   16 ,   t h e   f i r s t   c o n d u i t   58,  t he   o i l  

f i l t e r   36,   and  t h e   s e c o n d   c o n d u i t   64.   When  t he   i n s u l a t i n g  

o i l   26  has  been   c l e a n e d ,   t h e   pump  is  d e e n e r g i z e d .  

If   an  o i l   l e a k   o c c u r s   in  t h e   o i l   f i l t e r   36  and  t h e  

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

16  r e a c h e s   t h e   o u t l e t   65  of  t he   s e c o n d   c o n d u i t   64  w h i c h  

o p e n s   in  t h e   s i d e   w a l l   of  t h e   u p p e r   p o r t i o n   22  of  t h e   v e s s e l  

16 ,   a i r   i n t r o d u c e d   w i t h i n   t h e   v e s s e l   16  f rom  t h e   b r e a z e r   30 

f l o w s   i n t o   t he   i n t e r i o r   of  t h e   f i r s t   c o n d u i t   58  t h r o u g h   t h e  

o u t l e t   65  of  t h e   s e c o n d   c o n d u i t   64  and  t h r o u g h   t h e  

s m a l l - d i a m e t e r   p i p e   62 ,   p r e v e n t i n g   f u r t h e r   l o w e r i n g   of  t h e  

o i l   l e v e l   in  t h e   t a p   c h a n g e r   v e s s e l   16  b e c a u s e   t h e  

i n s u l a t i n g   o i l   26  in  t h e   u p p e r   p o r t i o n   22  and  the   l o w e r  

p o r t i o n   24  of  t h e   v e s s e l   16  is  t r a p p e d   in  the   v e s s e l   1 6 .  

The  o i l   26  w i t h i n   t h e   s e c t i o n   of  t h e   c o n d u i t   38  to  t h e   l e f t  

of  t h e   s m a l l - d i a m e t e r   p i p e   62  and  t h e   o i l   f i l t e r   36  f l o w s  

o u t   t h r o u g h   t he   l e a k   in  t h e   f i l t e r   36.  T h e r e f o r e ,   even  w h e n  

an  o i l   l e a k   o c c u r s   in  t h e   o i l   f i l t e r   36,   t h e   i n s u l a t i n g   o i l  

26  a r o u n d   the   a r c   i n t e r r u p t i n g   u n i t   20  in  the   v e s s e l   i s  

m a i n t a i n e d .  



W h i l e   t h e   p r e s e n t   i n v e n t i o n   has  b e e n   d e s c r i b e d   i n  

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

may  be  e q u a l l y   a p p l i c a b l e   to  o n - l o a d   t a p   c h a n g e r   of  o t h e r  

t y p e s   s u c h   as  a  t ap   s e l e c t o r   s w i t c h   which   has  t h e   f u n c t i o n s  

of  b o t h   a  t a p   s e l e c t o r   and  a  d i v e r t e r   s w i t c h .  



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

a  s w i t c h   i n c l u d i n g   an  a r c   i n t e r r u p t i n g   u n i t ;  

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

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

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

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

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

h a v i n g   an  i n l e t   a t   t h e   b o t t o m   p o r t i o n   of  t he   i n t e r i o r   o f  

s a i d   v e s s e l ,   s a i d   c o n d u i t   u p w a r d l y   e x t e n d i n g   i n s i d e   of  s a i d  

v e s s e l   and  e x i t i n g   f rom  t h e   u p p e r   p o r t i o n   of  s a i d   v e s s e l ,  

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

c o n n e c t i n g   to   an  u p p e r   p o r t i o n   of  s a i d   v e s s e l ,   s a i d   c o n d u i t  

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

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

s a i d   v e s s e l ;   a n d  

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

c o n d u i t   when  t h e   l e v e l   of  s a i d   i n s u l a t i n g   o i l   w i t h i n   s a i d  

v e s s e l   is   a t   or  h i g h e r   t h a n   s a i d   h o l e   and  o p e n i n g   s a i d   h o l e  

when  t h e   l e v e l   of  s a i d   i n s u l a t i n g   o i l   w i t h i n   s a i d   v e s s e l   i s  

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

2.  An  o n - l o a d   t a p   c h a n g e r   as  c l a i m e d   in  c l a i m   1 ,  

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

3.  An  o n - l o a d   t a p   c h a n g e r   as  c l a i m e d   in  c l a i m   1 ,  

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

4.  An  o n - l o a d   t a p   c h a n g e r   as  c l a i m e d   in  c l a i m   1 ,  

w h e r e i n   s a i d   o i l   c o n d u i t   i n c l u d e s   an  o i l   f i l t e r .  

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

a  s w i t c h   i n c l u d i n g   an  a r c   i n t e r r u p t i n g   u n i t ;  



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

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

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

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

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

c o n d u i t   h a v i n g   an  i n l e t   at  t he   b o t t o m   p o r t i o n   of  t h e  

i n t e r i o r   of  s a i d   v e s s e l ,   s a i d   c o n d u i t   u p w a r d l y   e x t e n d i n g  

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

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

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

s a i d   f i r s t   c o n d u i t   to  r e t u r n   to  an  u p p e r   p o r t i o n   of  s a i d  

v e s s e l ;   a n d  

a  p i p e   h a v i n g   a  h igh   f l o w - r e s i s t a n c e   c o n n e c t i n g  

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

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

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

i n s u l a t i n g   o i l   s u p p l i e d   i n t o   s a i d   o i l   f i l t e r   to  be  s u p p l i e d  

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

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

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

6.  An  o n - l o a d   t ap   c h a n g e r   as  c l a i m e d   in  c l a i m   5 ,  

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

7.  An  o n - l o a d   t a p   c h a n g e r   as  c l a i m e d   in  c l a i m   5 ,  

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

8.  An  o n - l o a d   t a p   c h a n g e r   as  c l a i m e d   in  c l a i m   5 ,  

w h e r e i n   s a i d   o i l   c o n d u i t   i n c l u d e s   an  o i l   f i l t e r .  
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