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©  Tap  changer. 
©  A  tap  changer  used  with  a  transformer  includes  a  main 
winding  51,  at  least  two  tap  windings  54,  58  for  the  rough 
adjustment  of  voltage  electrically  connected  in  series  to  the 
main  winding  and  each  other,  and  one  tap  winding  62  having 
a  predetermined  number  of  taps  for  the  fine  adjustment  of 
voltage.  The  tap  changer  comprises  first  and  second  change- 
over  switches  70,  71  each  having  stationary  contacts  11-13, 
15-17  and  one  current  collecting  contact  14,  18.  The  station- 
ary  contacts  of  each  change-over  switch  device  are  electrical- 
ly  connected  to  the  connecting  portions  between  the  respec- 
tive  windings  and  to  the  end  of  the  rough  adjustment  tap 
winding  58  which  is  not  electrically  connected  to  any 

_   winding,  the  current  collecting  contact  14  of  the  first 
^   change-over  switch  70  is  electrically  connected  to  an  end  of 
^   the  fine  adjustment  tap  winding  62,  and  the  current  collect- 
q   ing  contact  18  of  the  second  change-over  switch  71  is 
|^  electrically  connected  to  a  stationary  contact  installed  in  the 

tap-selector  65  for  the  auxiliary  tap. 
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winding  51,  at  least  two  tap  windings  54,  58  for  the  rough 
adjustment  of  vottage  electrically  connected  in  series  to  the 
main  winding  and  each  other,  and  one  tap  winding  62  having 
a  predetermined  number  of  taps  for  the  fine  adjustment  of 
voltage.  The  tap  changer  comprises  first  and  second  change- 
over  switches  70,  71  each  having  stationary  contacts  11-13, 
15-17  and  one  current  collecting  contact  14,18.  The  station- 
ary  contacts  of  each  change-over  switch  device  are  electrical- 
ly  connected  to  the  connecting  portions  between  the  respec- 
tive  windings  and  to  the  end  of  the  rough  adjustment  tap 
winding  58  which  is  not  electrically  connected  to  any 
winding,  the  current  collecting  contact  14  of  the  first 
change-over  switch  70  is  electrically  connected  to  an  end  of 
the  fine  adjustment  tap  winding  62,  and  the  current  collect- 
ing  contact  18  of  the  second  change-over  switch  71  is 
electrically  connected  to  a  stationary  contact  installed  in  the 
tap-selector  65  for  the  auxiliary  tap. 



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  t a p   c h a n g e r  

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

p r e d e t e r m i n e d   number   of  t a p s .  

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

d i s c l o s e d   in  J a p a n e s e   L a i d - O p e n   P a t e n t   P u b l i c a t i o n   N o .  

5 6 - 1 0 7 5 4 2 ( W e s t   German  P a t e n t   A p p l i c a t i o n   No.  P  29  36  5 1 9 . 3  

f i l e d   on  S e p t e m b e r   10 ,   1 9 7 9 ) ,   a  t e r m i n a l   or  a  n e u t r a l   p o i n t  

of  a  t r a n s f o r m e r   is  e l e c t r i c a l l y   c o n n e c t e d   to   one  end  of  a  

ma in   w i n d i n g .   The  o t h e r   end  of  t h e   main  w i n d i n g   i s  

e l e c t r i c a l l y   c o n n e c t e d   to  one  end  of  a  f i r s t   t a p   w i n d i n g   f o r  

t h e   r o u g h   a d j u s t m e n t   of  v o l t a g e   and  to   a  s t a t i o n a r y   c o n t a c t  

of  a  f i r s t   c h a n g e - o v e r   s w i t c h .   The  f i r s t   c h a n g e - o v e r   s w i t c h  

has   a n o t h e r   s t a t i o n a r y   c o n t a c t   c o n n e c t e d   to   t h e   o t h e r   end  o f  

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

w h i c h   is   e l e c t r i c a l l y   c o n n e c t e d   to  one  end  of  a  s e c o n d   t a p  

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

s t a t i o n a r y   c o n t a c t   of  a  s e c o n d   c h a n g e - o v e r   s w i t c h .   T h e  

s e c o n d   c h a n g e - o v e r   s w i t c h   has   a n o t h e r   s t a t i o n a r y   c o n t a c t  

c o n n e c t e d   to  t h e   o t h e r   end  of  t h e   s e c o n d   t a p   w i n d i n g ,   a n d  a  

c u r r e n t   c o l l e c t i n g   c o n t a c t   c o n n e c t e d   to   a  t a p   w i n d i n g   d e v i c e  

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

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

a  p r e d e t e r m i n e d   number   of  t a p s   and  an  a u x i l i a r y   t a p   f o r  

c h a n g i n g   v o l t a g e .   An  a u x i l i a r y   c h a n g e - o v e r   s w i t c h   has  o n e  

s t a t i o n a r y   c o n t a c t   c o n n e c t e d   to  t h e   o t h e r   end  of  t he   f i r s t  



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

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

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

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

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

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

e i t h e r   of  t he   s t a t i o n a r y   c o n t a c t s .   The  s t a t i o n a r y   a n d  

c u r r e n t   c o l l e c t i n g   c o n t a c t s   of  e ach   c h a n g e - o v e r   s w i t c h   a r e  

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

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

e i t h e r   of  two  m o v a b l e   c o n d u c t o r s   wh ich   can   be  e l e c t r i c a l l y  

c o n n e c t e d   to   t h e   f i n e   a d j u s t m e n t   t a p   w i n d i n g   d e v i c e .  

In  a  t r a n s f o r m e r   h a v i n g   such   a  t a p   c h a n g e r ,   t h e  

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

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

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

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

d e v i c e .  

H o w e v e r ,   t h e   a b o v e   t a p   c h a n g e r   h a s   t he   f o l l o w i n g  

d i s a d v a n t a g e s .  

(1)  I t   i s   n e c e s s a r y   to  d i s p o s e   c h a n g e - o v e r  

s w i t c h e s   t h e   number   of  wh ich   is   t he   same  as  t he   number  o f  

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

s w i t c h e s   t h e   number   of  w h i c h   i s   l e s s   by  one  t h a n   the   n u m b e r  

of  r o u g h   a d j u s t m e n t   t a p   w i n d i n g s .   When  t h e   number   of  r o u g h  

a d j u s t m e n t   t a p   w i n d i n g s   i n c r e a s e s ,   t h e   number   of  c h a n g e - o v e r  

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

i n c r e a s e .  



(2)  S i n c e   i t   is   n e c e s s a r y   to   i n s t a l l   t h e  

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

e a c h   p h a s e   as  s t a t e d   in  ( 1 ) ,   i t   is  n e c e s s a r y   to   i n s t a l l   t h e m  

t h r e e   t i m e s   in  t h e   c a s e   of  t h r e e   p h a s e s .  

(3)  S i n c e   t h e   c o n t a c t s   of  e ach   c h a n g e - o v e r   s w i t c h  

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

a  p o w d e r   is   f o r m e d   w i t h i n   t h e   t r a n s f o r m e r   by  t h e   w e a r i n g   o f  

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

m o v a b l e   s w i t c h i n g   m e m b e r s ,   w h i c h   is   no t   d e s i r a b l e   f rom  t h e  

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

SUMMARY  OF  THE  INVENTION 

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

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

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

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

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

t h e r e b y   o b t a i n i n g   a  c o m p a c t   and  r e l i a b l e   t a p   c h a n g e r .  

With  t he   a b o v e   o b j e c t   in  v i e w ,   t h e   p r e s e n t  

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

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

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

to  t h e   main  w i n d i n g   and   e a c h   o t h e r ,   and  one  t a p   w i n d i n g  

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

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

s e c o n d   c h a n g e - o v e r   s w i t c h   d e v i c e s   each   h a v i n g   s t a t i o n a r y  

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



c o n t a c t s   of  e ach   c h a n g e - o v e r   s w i t c h   d e v i c e   b e i n g  

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

t h e   r e s p e c t i v e   w i n d i n g s   and  to  t h e   end  of  t h e   o t h e r   r o u g h  

a d j u s t m e n t   t a p   w i n d i n g   w h i c h   i s   no t   e l e c t r i c a l l y   c o n n e c t e d  

to   any  w i n d i n g ,   s a i d   c u r r e n t   c o l l e c t i n g   c o n t a c t   of  s a i d  

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

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

c o n t a c t   of  s e c o n d   c h a n g e - o v e r   s w i t c h   b e i n g   e l e c t r i c a l l y  

c o n n e c t e d   to   a  s t a t i o n a r y   c o n t a c t   i n s t a l l e d   in  t h e  

t a p - s e l e c t o r   f o r   a u x i l i a r y   t a p .  

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

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

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

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  v i ew   s c h e m a t i c a l l y   s h o w i n g   t h e  

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

u s e d   in  a  t r a n s f o r m e r   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 ;  

F i g .   2  is   a  v i e w   s h o w i n g   an  a r r a n g e m e n t   o f  

c o n t a c t s   of  c h a n g e - o v e r   s w i t c h e s   of  t he   t a p   c h a n g e r   i n . F i g .  

1 ;  

F i g .   3  is  a  c r o s s - s e c t i o n a l   v i e w   of  e a c h   of  t h e  

c h a n g e - o v e r   s w i t c h e s   t a k e n   a l o n g   L ine   I I I - I I I   in  F i g .   2 ;  

F i g .   4  is   a  v i ew   s c h e m a t i c a l l y   s h o w i n g   a n  

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

c h a n g e r   u s e d   in  a  t r a n s f o r m e r   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 ;  



F i g .   5  i s   a  v i ew  s h o w i n g   an  a r r a n g e m e n t   o f  

c o n t a c t s   of  c h a n g e - o v e r   s w i t c h e s   of  t h e   t a p   c h a n g e r   in  F i g .  

4 ;  

F i g .   6  i s   a  p l a n   v i ew  s h o w i n g   c u r r e n t   c o l l e c t i n g  

c o n t a c t s   and  m o v a b l e   r o t a r y   c o n d u c t o r s   in  F i g .   1  in  t h e   c a s e  

of  t h r e e   p h a s e s ;  

F i g .   7  is  a  v i ew   s h o w i n g   an  a r r a n g e m e n t   o f  

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

t h e   p r e s e n t   i n v e n t i o n ;  

F i g .   8  is  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   L i n e  

V I I I - V I I I   of  F i g .   7;  a n d  

F i g .   9  is  a  t a b l e   s h o w i n g   t h e   r e l a t i o n   b e t w e e n  

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

c h a n g e - o v e r   s w i t c h e s   in   t h e   t a p   c h a n g e r   in  F i g .   1 .  

DETAILED  DESCRIPTION  OF  THE  PREFERRED  EMBODIMENTS 

In  F i g .   1,  a  t r a n s f o r m e r   w i t h   w h i c h   a  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   can  be  u s e d   c o m p r i s e s   a  m a i n  

w i n d i n g   51  e l e c t r i c a l l y   c o n n e c t e d   a t   one  end  t h e r e o f   to   a  

t e r m i n a l   or  a  n e u t r a l   p o i n t   50  of  t h e   t r a n s f o r m e r ,   and  f i r s t  

and  s e c o n d   t a p   w i n d i n g s   54  and  58,  r e s p e c t i v e l y ,   wh ich   a r e  

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

c h a n g e - o v e r   s w i t c h e s   and   w h i c h   a re   u s e d   to   r o u g h l y   a d j u s t  

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

b e t w e e n   t h e   main  w i n d i n g   51  and  the   f i r s t   t a p   w i n d i n g   54  i s  

e l e c t r i c a l l y   c o n n e c t e d   to   a  s t a t i o n a r y   c o n t a c t   11  of  a  f i r s t  

c h a n g e - o v e r   s w i t c h   70  and  a  s t a t i o n a r y   c o n t a c t   15  of  a  

s e c o n d   or  a u x i l i a r y   c h a n g e - o v e r   s w i t c h   71.   The  c o n n e c t i n g  



p o r t i o n   b e t w e e n   t h e   f i r s t   t a p   w i n d i n g   5 4  a n d   t he   s e c o n d   t a p  

w i n d i n g   58  i s   e l e c t r i c a l l y   c o n n e c t e d   to   a  s t a t i o n a r y   c o n t a c t  

12  of  t h e   f i r s t   c h a n g e - o v e r   s w i t c h   70  and  a  s t a t i o n a r y  

c o n t a c t   16  of  t h e   a u x i l i a r y   c h a n g e - o v e r   s w i t c h   71.   The  e n d  

of  t h e   s e c o n d   t a p   w i n d i n g   58,  w h i c h   is   no t   e l e c t r i c a l l y  

c o n n e c t e d   to   t h e   f i r s t   t a p   w i n d i n g   54,   i s   e l e c t r i c a l l y  

c o n n e c t e d   to   a  s t a t i o n a r y   c o n t a c t   13  of  t he   f i r s t  

c h a n g e - o v e r   s w i t c h   70  and  a  s t a t i o n a r y   c o n t a c t   17  of  t h e  

a u x i l i a r y   c h a n g e - o v e r   s w i t c h   71.  A  t a p   c h a n g e r   u s e d   in  t h e  

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

s w i t c h e s   70  and  71 ,   r e s p e c t i v e l y .  

A  c u r r e n t   c o l l e c t i n g   c o n t a c t   14  of  t h e   f i r s t  

c h a n g e - o v e r   s w i t c h   70  can  be  e l e c t r i c a l l y   c o n n e c t e d   to   o n e  

of  t h e   s t a t i o n a r y   c o n t a c t s   11  to   13  t h e r e o f   by  a  m o v a b l e  

r o t a r y   c o n d u c t o r   A,  and  is   e l e c t r i c a l l y   c o n n e c t e d   to  one  e n d  

61  of  a  t a p   w i n d i n g   62  c o m p r i s i n g   a  p r e d e t e r m i n e d   number   o f  

t a p s   101  to   109  f o r   t he   f i n e   a d j u s t m e n t   of  v o l t a g e .   A 

c u r r e n t   c o l l e c t i n g   c o n t a c t   18  of  t h e   a u x i l i a r y   c h a n g e - o v e r  

s w i t c h   71  can  be  e l e c t r i c a l l y   c o n n e c t e d   to  one  of  t h e  

s t a t i o n a r y   c o n t a c t s   15  to   17  t h e r e o f   by  a  m o v a b l e   r o t a r y  

c o n d u c t o r   B,  and  i s   e l e c t r i c a l l y   c o n n e c t e d   to   an  a u x i l i a r y  

t a p   K  w h i c h   can  be  e l e c t r i c a l l y   c o n n e c t e d   to  a  d i v e r t e r  

s w i t c h   65  by  a  m o v a b l e   c o n d u c t o r   of  t a p   s e l e c t o r   64b .   T h e  

f i n e   a d j u s t m e n t   t a p   w i n d i n g   62  and  t h e   a u x i l i a r y   t a p   K 

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

v o l t a g e   of  t h e   p r e s e n t   i n v e n t i o n .   The  d i v e r t e r   s w i t c h   65  h a s  

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

o u t p u t   t e r m i n a l   66  to   e i t h e r   of  t h e   m o v a b l e   c o n d u c t o r s   o f  

t ap   s e l e c t o r   64a  and  64b.   Each  of  t h e   m o v a b l e   c o n d u c t o r s   o f  



t a p   s e l e c t o r   64a  and  64b  can  e l e c t r i c a l l y   come  in  c o n t a c t  

w i t h   one  of  t h e   t a p s   of  t h e   f i n e   a d j u s t m e n t   t a p   w i n d i n g   6 2 .  

F i g .   2  shows  an  a r r a n g e m e n t   in  wh ich   t he   c o n t a c t s  

of  t h e   f i r s t   c h a n g e - o v e r   s w i t c h   70  and  t he   a u x i l i a r y  

c h a n g e - o v e r   s w i t c h   71  d i s p o s e d   on  an  i n n e r   c i r c u m f e r e n t i a l  

w a l l   a r e   s e e n   f r o m   t h e  _ i n s i d e   t h e r e o f .   Each  of  t h e   m o v a b l e  

r o t a r y   c o n d u c t o r s   A  and  B  can  r o t a t e   f rom  one  s t a t i o n a r y  

c o n t a c t   to   a n o t h e r   s t a t i o n a r y   c o n t a c t   in  o r d e r   t o  

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

14  and  18  to   one  of  t h e   s t a t i o n a r y   c o n t a c t s .   F i g .   3  shows   i n  

c r o s s   s e c t i o n   t h e   s t r u c t u r e   of  t h e   c o n t a c t s   of  e ach   of  t h e  

c h a n g e - o v e r   s w i t c h e s   70  and  7 1 .  

In  t h e   t a p   c h a n g e r   c o n s t r u c t e d   as  a b o v e ,   t h e  

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

50  and  t he   o u t p u t   t e r m i n a l   66  w i l l   now  be  d e s c r i b e d .   As  

shown  in  F i g .   1,  t h e   m o v a b l e   c o n d u c t o r   of  t a p   s e l e c t o r   6 4 b  

is   e l e c t r i c a l l y   c o n n e c t e d   to   t h e   a u x i l i a r y   t a p   K,  and  t h e  

o u t p u t   t e r m i n a l   66  i s   e l e c t r i c a l l y   c o n n e c t e d   to   t h e   m o v a b l e  

c o n d u c t o r   of  t a p   s e l e c t o r   64b  by  t h e   s w i t c h i n g   member  of  t h e  

d i v e r t e r   s w i t c h   65 .   The  m o v a b l e   c o n d u c t o r   of  t a p   s e l e c t o r  

64a  e l e c t r i c a l l y   c o n t a c t s   a  t a p   1 0 1 .   T h i s   s t a t e   c o r r e s p o n d s  

to  p o s i t i o n   No.  10  in  F i g .   9,  and  t h e   t r a n s f o r m e r   i s  

o p e r a t e d   a t   t h e   p o s i t i o n   of  t h e   a u x i l i a r y   t a p   K.  T h e n ,   w h i l e  

t h e   m o v a b l e   c o n d u c t o r   of  t a p   s e l e c t o r   64a  is  moved  f rom  t h e  

' t a p   101  to   a  t a p   1 0 9 ,   t h e   r o t a r y   c o n d u c t o r   A  of  t h e  

c h a n g e - o v e r   s w i t c h   70  is   s e p a r a t e d   f rom  t he   s t a t i o n a r y  

c o n t a c t   13  and  e l e c t r i c a l l y   c o n n e c t e d   to  t h e   s t a t i o n a r y  

c o n t a c t   12.   A f t e r   t h e   r o t a r y   c o n d u c t o r   A  has  b e e n  

e l e c t r i c a l l y   c o n n e c t e d   to  t h e   s t a t i o n a r y   c o n t a c t   12 ,   t h e  



s w i t c h i n g   member  of  t h e   d i v e r t e r   s w i t c h   65  i s   s w i t c h e d   t o  

e l e c t r i c a l l y   c o n n e c t   t h e   o u t p u t   t e r m i n a l   66  to   t he   m o v a b l e  

c o n d u c t o r   of  t a p   s e l e c t o r   6 4 a ,   o p e r a t i n g   t h e   t r a n s f o r m e r   a t  

t h e   p o s i t i o n   of  t he   t a p   109  in  t h e   f i n e   a d j u s t m e n t   t a p  

w i n d i n g   62.   T h i s   s t a t e   c o r r e s p o n d s   to  p o s i t i o n   No.  11  i n  

F i g .   9 .  

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

64b  i s   moved  f rom  t h e   a u x i l i a r y   t a p   K  to   a  t a p   108 ,   t h e  

r o t a r y   c o n d u c t o r   B  of  t h e   a u x i l i a r y   c h a n g e - o v e r   s w i t c h   71  i s  

s e p a r a t e d   f rom  the   s t a t i o n a r y   c o n t a c t   17  t h e r e o f   and  i s  

e l e c t r i c a l l y   c o n n e c t e d   to.  t h e   s t a t i o n a r y   c o n t a c t   16.   A f t e r  

t h e   r o t a r y   c o n d u c t o r   B  has   been   e l e c t r i c a l l y   c o n n e c t e d   t o  

t h e   s t a t i o n a r y   c o n t a c t   16 ,   t h e   s w i t c h i n g   member  of  t h e  

d i v e r t e r   s w i t c h   65  is   s w i t c h e d   to  e l e c t r i c a l l y   c o n n e c t   t h e  

o u t p u t   t e r m i n a l   66  to   t h e   m o v a b l e   c o n d u c t o r   of  t a p   s e l e c t o r  

64b ,   o p e r a t i n g   the   t r a n s f o r m e r   a t   t he   p o s i t i o n   of  t he   t a p  

108  in  t h e   f i n e   a d j u s t m e n t   t a p   w i n d i n g   62 .   T h i s   s t a t e  

c o r r e s p o n d s   to  p o s i t i o n   No.  12  in  F i g .   9.  I t   w i l l   b e  

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

o p e r a t i o n   o p p o s i t e   to  t h e   a b o v e   o p e r a t i o n .   The  i n c r e a s e   a n d  

d e c r e a s e   in  v o l t a g e   b y   t h e   f i r s t   t a p   w i n d i n g   5 4   a r e  

r e s p e c t i v e l y   p e r f o r m e d   by  an  o p e r a t i o n   s i m i l a r   to  t he   a b o v e  

o p e r a t i o n .  

F i g .   9  shows  t h e   r e l a t i o n   b e t w e e n   t h e   t a p s   of  t h e  

t a p   s e l e c t o r ,   t he   c h a n g e - o v e r   s w i t c h   70,  and  t h e   a u x i l i a r y  

c h a n g e - o v e r   s w i t c h   71  in  F i g .   1  t h r o u g h   w h i c h   t h e   e l e c t r i c  

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

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



F i g s .   4  and  5  show  a n o t h e r   e m b o d i m e n t   of  a  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   u s e d   in  a  t r a n s f o r m e r   i n  

wh ich   one  f u r t h e r   t a p   w i n d i n g   f o r   t h e   r o u g h   a d j u s t m e n t   o f  

v o l t a g e   i s   a d d e d   to  t h e   t r a n s f o r m e r   in  F i g .   1.  A  t h i r d   r o u g h  

a d j u s t m e n t   t a p   w i n d i n g   68  is   c o n n e c t e d   in  s e r i e s   to  a  s e c o n d  

t a p   w i n d i n g   58 ,   and  t h e  e n d   of  t h e   t h i r d   t a p   w i n d i n g   6 8 ,  

wh ich   is   no t   c o n n e c t e d   to  t he   s e c o n d   t a p   w i n d i n g   58 ,   i s  

e l e c t r i c a l l y   c o n n e c t e d   to  a  s t a t i o n a r y   c o n t a c t   19  of  a  f i r s t  

c h a n g e - o v e r   s w i t c h   70'  and  a  s t a t i o n a r y   c o n t a c t   10  of  a n  

a u x i l i a r y   c h a n g e - o v e r   s w i t c h   7 1 ' .   The  s t r u c t u r e   of  t h e  

t r a n s f o r m e r   h a v i n g   t h e   t ap   c h a n g e r   in  F i g s .   4  and  5  i s  

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

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

F i g s .   4  and  5,  an  e f f e c t   s i m i l a r   to   t h e   e f f e c t   in  F i g s .   1 

and  2  i s   o b t a i n e d .  

F i g .   6  shows  a  t ap   c h a n g e r   f o r   t h r e e   p h a s e s  

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

s i m i l a r   to  e a c h   c h a n g e - o v e r   s w i t c h   in  F i g .   1.  Each  of  t h r e e  

c i r c u m f e r e n t i a l l y   d i v i d e d   members   on  a  c i r c u m f e r e n t i a l   w a l l  

d e f i n e s   a  c u r r e n t   c o l l e c t i n g   c o n t a c t   14  or  18  of  e a c h   of  t h e  

t h r e e   c h a n g e - o v e r   s w i t c h e s   70  or  71 ,   r e s p e c t i v e l y .  

S t a t i o n a r y   c o n t a c t s   of  e ach   c h a n g e - o v e r   s w i t c h   70  or  71  a r e  

d i s p o s e d   on  t h e   same  c i r c u m f e r e n c e   as  t h e   c i r c u m f e r e n c e   o f  

each   c u r r e n t   c o l l e c t i n g   c o n t a c t   14  or  18.   S i m i l a r   to   t h e  

s t r u c t u r e   in  F i g .   2,  each   c u r r e n t   c o l l e c t i n g   c o n t a c t   14  o r  

18  can  b e  e l e c t r i c a l l y   c o n n e c t e d   to   e a c h   s t a t i o n a r y   c o n t a c t  

by  a  m o v a b l e   r o t a r y   c o n d u c t o r   A  or  B,  r e s p e c t i v e l y .   I t   w i l l  

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

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



F u r t h e r m o r e ,   in  c o m p a r i s o n   w i t h   t he   c o n v e n t i o n a l   t a p   c h a n g e r  

in  wh ich   s t a t i o n a r y   and  c u r r e n t   c o l l e c t i n g   c o n t a c t s   a r e  

d i s p o s e d   b e t w e e n   m o v a b l e   c o n d u c t o r s   and  in  wh ich   i t   i s  

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

s w i t c h e s   f rom  e a c h   o t h e r ,   t he   c u r r e n t   c o l l e c t i n g   c o n t a c t s   1 4  

and  18  as  w e l l   as   t h e   s t a t i o n a r y   c o n t a c t s   can  be  d i s p o s e d   o n  

an  i n n e r   c i r c u m f e r e n t i a l   w a l l ,   and  i t   is   t h e r e f o r e   e a s y   t o  

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

e a c h   o t h e r .  

As  can   be  c l e a r l y   s e e n   f rom  F i g s .   1  a n d   4,  t h e  

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

c h a n g e - o v e r   s w i t c h   a r e   r e s p e c t i v e l y   t h e   same  as  t h e   e l e c t r i c  

p o t e n t i a l s   of  t h e   s t a t i o n a r y   c o n t a c t s   of  t h e   a u x i l i a r y  

c h a n g e - o v e r   s w i t c h .   T h e r e f o r e ,   as  s e e n   f rom  F i g s .   7  and  8 ,  

t h e   s t a t i o n a r y   c o n t a c t s   11,  12,  and  13  of  t h e   f i r s t  

c h a n g e - o v e r   s w i t c h   70  can  be  i n t e g r a l l y   f o r m e d   w i t h   t h e  

s t a t i o n a r y   c o n t a c t s   15,   16,   and  17,   r e s p e c t i v e l y   of  t h e  

a u x i l i a r y   c h a n g e - o v e r   s w i t c h   7 1 .  

As  m e n t i o n e d   a b o v e ,   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   f o l l o w i n g   e f f e c t s   can  be  o b t a i n e d   by  c h a n g i n g  

t h e   s t r u c t u r e   of  c o n n e c t i o n s   b e t w e e n   a  main  w i n d i n g - ,   a t  

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

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

b e t w e e n   t h e   c h a n g e - o v e r   s w i t c h e s .  

(1)  The  number   of  r o u g h   a d j u s t m e n t   t a p   w i n d i n g s  

can  be  i n c r e a s e d   by  i n c r e a s i n g   o n l y   t h e   number   of  s t a t i o n a r y  

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

i n c r e a s i n g   t h e   number   of  c h a n g e - o v e r   s w i t c h e s .  



(2)  A  t a p   c h a n g e r   f o r   t h r e e   p h a s e s   can  b e  

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

c h a n g e - o v e r   s w i t c h e s   by  a  s t r u c t u r e   in  wh ich   one  c u r r e n t  

c o l l e c t i n g   c o n t a c t   of  e ach   c h a n g e - o v e r   s w i t c h   can  b e  

e l e c t r i c a l l y   c o n n e c t e d   to  s t a t i o n a r y   c o n t a c t s   t h e r e o f   by  a  

m o v a b l e   r o t a r y   c o n d u c t o r .  

(3)  By  t h e   s t r u c t u r e   m e n t i o n e d   in  ( 2 ) ,   t h e r e   i s  

l e s s   wear   b e t w e e n   c o n t a c t s ,   t h e   e l e c t r i c a l   i n s u l a t i o n  

b e t w e e n   them  is   r e l i a b l e ,   and  t he   d r i v i n g   t o r q u e   r e q u i r e d  

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

(4)  T h e r e f o r e ,   a  c o m p a c t   and  r e l i a b l e   t ap   c h a n g e r  

can   be  o b t a i n e d .  



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

ma in   w i n d i n g   ( 5 1 ) ,   a t   l e a s t   two  t a p   w i n d i n g s   (54 ,   5 8 )  

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

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

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

s w i t c h   d e v i c e s   ( 70 ,   71)  e a c h   h a v i n g   s t a t i o n a r y   c o n t a c t s  

( 1 1 - 1 3 ,   1 5 - 1 7 )   and  one  c u r r e n t   c o l l e c t i n g   c o n t a c t ,  

( 14 ,   1 8 ) ,   c h a r a c t e r i s e d   in  t h a t   t h e   r o u g h - a d j u s t m e n t  

w i n d i n g s   (54 ,   58)  a r e   e l e c t r i c a l l y   c o n n e c t e d   in   s e r i e s  

to  s a i d   m a i n   w i n d i n g   and  e a c h   o t h e r ,   s a i d   s t a t i o n a r y  

-  c o n t a c t s   of  e a c h   c h a n g e - o v e r   s w i t c h   d e v i c e   a r e  

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

b e t w e e n   t h e   r e s p e c t i v e   w i n d i n g s   and  to   t h e   end  of  t h e  

o t h e r   r o u g h   a d j u s t m e n t   t a p   w i n d i n g   (58 )   w h i c h   i s   n o t  

e l e c t r i c a l l y   c o n n e c t e d   to  any  w i n d i n g ,   s a i d   c u r r e n t  

c o l l e c t i n g   c o n t a c t   (14)   of  s a i d   f i r s t   c h a n g e - o v e r   s w i t c h  

(70)   is   e l e c t r i c a l l y   c o n n e c t e d   to   an  end  of  t he   f i n e  

a d j u s t m e n t   t a p   w i n d i n g   ( 6 2 ) ,   and  s a i d   c u r r e n t   c o l l e c t i n g  

c o n t a c t   (18)   of  t h e   s e c o n d   c h a n g e - o v e r   s w i t c h   (71)   i s  

e l e c t r i c a l l y   c o n n e c t e d   to  a  s t a t i o n a r y   c o n t a c t   i n s t a l l e d  

in  t h e   t a p - s e l e c t o r   (65)   f o r   t h e   a u x i l i a r y   t a p .  



2.  A  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.  c h a r a c t e r i s e d  

in  t h a t   s a i d   s t a t i o n a r y   c o n t a c t s   ( 1 1 - 1 3 ,   1 5 - 1 7 )   a n d  

c u r r e n t   c o l l e c t i n g   c o n t a c t s   ( 1 4 - 1 8 )   of  s a i d   f i r s t   a n d  

s e c o n d   c h a n g e - o v e r   s w i t c h   d e v i c e s   a r e   d i s p o s e d   on  t h e  

same  i n n e r   c i r c u m f e r e n t i a l   w a l l ,   and  can   be  e l e c t r i c a l l y  

c o n n e c t e d   to   e a c h  o t h e r  b y  a   m o v a b l e   r o t a r y   c o n d u c t o r  

(A,  B ) .  

3.  A  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  or  2 ,  

c h a r a c t e r i s e d   in  t h a t   s a i d   s t a t i o n a r y   c o n t a c t s   of  t h e  

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

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

4.  A  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,  2,  or  3 

c h a r a c t e r i s e d   in  t h a t   e a c h   c h a n g e - o v e r   s w i t c h   d e v i c e  

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

e a c h   c h a n g e - o v e r   s w i t c h   h a v i n g   s a i d   s t a t i o n a r y   c o n t a c t s  

and  s a i d   one  c u r r e n t   c o l l e c t i n g   c o n t a c t .  

5.  A  t a p   c h a n g e r   as  c l a i m e d   in  c l a i m   4,  c h a r a c t e r i s e d  

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

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

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