
Europaisches  Patentamt 

European  Patent  Office 

Office  europeen  des  brevets 

@  Publication  number: 0 1 2 3   8 8 9  
A 1  

©  EUROPEAN  PATENT  A P P L I C A T I O N  

@  Application  number:  84103251.9  ©  Int.  CI.3:  H  01  H  33/22,  H  01  H  3 3 / 5 9  

@  Date  of  filing  :  23.03.84 

@  Priority:  31.03.83  JP  58245/83  ®  Applicant:  MITSUBISHI  DENKI  KABUSHIKI  KAISHA,  2-3, 
Marunouchi  2-chome  Chiyoda-ku,  Tokyo  100  (JP) 

@  Inventor:  Sakuma,  Shuichi,  177-1-409,  Kibe-cho,  City  of 
Ikeda  Osaka  (JP) 

©  Dateof  publication  of  application:  07.11.84  Inventor:  Okuda,  Soichiro,  459-4-201  ,  Aza  Shinjobo 
Bulletin  84/45  Inadera,  City  of  Amagasaki  Hyogo  Prefecture  (JP) 

@  Representative  :  Popp,  Eugen,  Dr.  et  al,  Patentanwalte 
Popp,  Sajda,  v.  BUlow,  Hrabal  &  Partner 
Widenmayerstrasse  48  Postf  ach  86  06  24, 

@  Designated  Contracting  States:  CHDEFR  LI  D-8000  Munchen  86  (DE) 

Direct  current  circuit  breaker. 

A  d.c.  circuit  breaker  comprising  in  parallel  with  a 
circuit  breaker  section  (5)  a  current  commutating  auxiliary 
circuit formed  by  a  capacitance  (6)  and/or  an  inductance  (3), 
wherein  a  gas  mixture  consisting  essentially  of  an  SF6  -gas 
and  nitrogen  or  of  an  SF6  -gas  and  air  is  used  as  an  arc- 
extinguishing  and  insulating  medium  for  said  breaker  sec- 
tion  (5). 



This   i n v e n t i o n   r e l a t e s   to  a  d i r e c t   c u r r e n t   c i r c u i t  

b r e a k e r   and,  more  p a r t i c u l a r l y ,   to  a  d i r e c t   c u r r e n t   c i r c u i t  

b r e a k e r   in  wh ich   the   c u r r e n t   is  c o m m u t a t e d   by  i t s   o w n  a c t i o n  

a t   the  t ime  of  c u r r e n t   i n t e r r u p t i o n   and  in  which   u n s t a b l e   a r c  

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

p o i n t   or  ze ro   c r o s s i n g   fo r   b r e a k i n g   the   c i r c u i t .  

The  p i r o r - a r t   c o n s t r u c t i o n   of  the   c u r r e n t   b r e a k e r  

of  the   above  d e s c r i b e d   t ype   is   shown  in  t he   w i r i n g   c i r c u i t  

of  F ig .   1,  w h e r e i n   a  d i r e c t   c u r r e n t   s o u r c e   1  i n d i c a t e d  

c o n v e n i e n t l y   as  a  v o l t a g e   s o u r c e   is   c o n n e c t e d   to  a  r e s i s t a n c e  

2  and  an  i n d u c t a n c e   3  p r o p e r   to  the   t r a n s m i s s i o n   l i n e   f o r  

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

a  c u r r e n t   b r e a k e r   u n i t   4  c o m p r i s e d   of  a  c u r r e n t   b r e a k e r   s e c t i o n  

5  a d a p t e d   fo r   b r e a k i n g   the   c i r c u i t ,   a  c a p a c i t o r   6  and  a  s u r g e  

a b s o r b e r   7  fo rmed   by  m e t a l   o x i d e   r e s i s t o r .   The  c a p a c i t o r   6 

is  c o n n e c t e d   in  p a r a l l e l   w i t h   the   s e c t i o n   5  and  used   f o r  

c u r r e n t   c o m m u t a t i o n .  

With  the   d i r e c t   c u r r e n t " I " f l o w i n g   t h r o u g h   the   c u r r e n t  

b r e a k e r   s e c t i o n   5  of  the   u n i t   4  when  the   s e c t i o n   5  s t a r t s   i t s  

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

s e p a r a t e d   from  each   o t h e r ,   an  a rc   i s   g e n e r a t e d   b e t w e e n   t h e  

c o n t a c t s   of  the   s e c t i o n   5  and  the  d i r e c t   c u r r e n t   t hen   f l o w s  

t h r o u g h   the   a r c .  

I t   is   w e l l - k n o w n   t h a t ,   f o r   a  c e r t a i n   c u r r e n t   r a n g e ,  

the  r e l a t i o n   b e t w e e n   the   s t e a d y - s t a t e   a rc   v o l t a g e   e   and  t h e  

s t e a d y - s t a t e   a rc   c u r r e n t   is  t h r o u g h   a  v a r i e t y   of  g a s e s   may  b e  

a p p r o x i m a t e d   by  the   f o l l o w i n g   f o r m u l a :  



where   a  and  η  a r e   p o s i t i v e   c o n s t a n t s   w i t h   a  b e i n g   u s u a l l y  

b e t w e e n   z e r o /   (0)  and  u n i t y   ( 1 . 0 ) .  

On  t he   o t h e r   hand ,   t he   a rc   p r o d u c e d   in  t he   c i r c u i t  

shown  in  F i g .   1  and  h a v i n g   the   c h a r a c e r i s t i c s   r e p r e s e n t e d   b y  

t he   f o r m u l a   (1)  becomes   u n s t a b l e   on  the   c o n d i t i o n   t h a t  

where   @  r e p r e s e n t s   a  t h e r m a l   t ime   c o n s t a n t   of  the   a r c ,  " C " a  

c a p a c i t a n c e   of  t he   c a p a c i t o r   6 ,  "T"a  d . c .   c u r r e n t   a n d " e s " a  

s t e a d y - s t a t e   a rc   v o l t a g e ,   w i t h   a  b e i n g   as  d e f i n e d   in  t h e  

e q u a t i o n   (1 ) .   When  the   c o n d i t i o n   g i v e n   by  the   e q u a t i o n   (2)  

is   s a t i s f i e d ,   t he   a rc   p r o d u c e d   in   t he   c i r c u i t   b r e a k e r   s e c t i o n  

5  becomes   u n s t a b l e .  

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

t h i s   t ime   a re   shown  in  F i g .   2.  In  t h i s   f i g u r e ,   ea  r e p r e s e n t s  

t h e   v o l t a g e   a c r o s s   t he   t e r m i n a l s   of  t he   b r e a k e r   s e c t i o n   5 ,  

I  t he   d . c .   c u r r e n t ,   i  t h e   c u r r e n t   f l o w i n g   i n t o   the   b r e a k e r  

s e c t i o n   5  and  i  t h e   u n s t a b l e   o s c i l l a t i n g   c u r r e n t   f l o w i n g  

from  c a p a c i t o r   6  i n t o   t he   a r c .  

S i n c e   the   above   d e s c r i b e d   o s c i l l a t i n g   c u r r e n t   h a s  

c u r r e n t   ze ro   p o i n t s ,   t he   c u r r e n t   can  be  i n t e r r u p t e d   a t   t h e  

ze ro   c r o s s i n g   p o i n t s .   In  o t h e r   w o r d s ,   i t   i s   p o s s i b l e   t o  

i n t e r r u p t   t he   d . c .   c u r r e n t   when  the   c o n d i t i o n   of  the   e q u a t i o n  

(2)  i s   s a t i s f i e d .   By  s e l e c t i n g   the   r i g h t   s i d e   t e rm  of  t h e  

e q u a t i o n   (2)  to  a  l a r g e r   v a l u e ,   t he   t e r m  o f   t he   d . c .   c u r r e n t  

I  t h a t   can  be  i n t e r r u p t e d   can  a l s o   be  s e l e c t e d   to  a  l a r g e r  

v a l u e   fo r   t h e r e b y   i m p r o v i n g   the   c u r r e n t   b r a k i n g   c a p a c i t y   o f  

the   c u r r e n t   b r e a k e r   u n i t .  



In  the   S F 6 - g a s   b l o w i n g   t ype   c o n v e n t i o n a l   d . c .   c u r r e n t  

b r e a k e r ,   i t   is   the   c o n v e n t i o n a l   p r a c t i c e   to  i n c r e a s e   t h e  

f o r c e   of  gas  b l o w i n g   or  make  use  of  a  c o n s t r u c t i o n   of  an  a r c -  

e x t i n g u i s h i n g   chamber   d e s i g n e d   fo r   e x t e n d i n g   the   a rc   l e n g t h .  

However,   s i n c e   the   S F 6 - g a s   t e n d s   to  be  l i q u e f i e d   u n d e r   a n  

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

the  gas  p r e s s u r e   fo r   p r o d u c i n g   a  s t r o n g   gas  b l o w i n g   f o r c e .  

On  the   o t h e r   hand ,   the   o v e r a l l   d e v i c e   t e n d s   to  be  c o m p l i c a t e d  

by  the   p r o v i s i o n   of  the   a r c - e x t i n g u i s h i n g   c h a m b e r .  

In  view  of  the  f o r e g o i n g ,   i t   is  a  p r i n c i p a l   o b j e c t  

of  the   p r e s e n t   i n v e n t i o n   to  o b v i a t e   the   above  d e s c r i b e d  

d e f i c i e n c y   of  the   SF6-gas   b l o w i n g   t y p e  d . c .   c i r c u i t   b r e a k e r  

and  to  p r o v i d e   a  d . c .   c i r c u i t   b r e a k e r   h a v i n g   a  h i g h e r   c u r r e n t  

b r e a k i n g   c a p a c i t y .   A c c o r d i n g   to  the   p r e s e n t   i n v e n t i o n ,   a  g a s  

m i x t u r e   c o n s i s t i n g   e s s e n t i a l l y   o f  t h e   S F 6 - g a s   and  a i r   o r  

n i t r o g e n   is  used   and  blown  i n t o   the   a rc   as  an  a r c - e x t i n g u i s h i n g  

and  i n s u l a t i n g   medium  fo r   the   gas  b l o w i n g   t ype   d . c .   c i r c u i t  

b r e a k e r .  

One  way  of  c a r r y i n g   out  the   i n v e n t i o n   is   d e s c r i b e d  

in  d e t a i l   below  w i th   r e f e r e n c e   to  d r a w i n g s ,   in  w h i c h  

F ig .   1  is   a  d i a g r a m m a t i c   view  showing   the   c o n s t r u c t i o n  

of  the  c o n v e n t i o n a l   c i r c u i t   b r e a k e r   of  the   t ype   in  which   t h e  

c u r r e n t   is  c o m m u t a t e d   s p o n t a n e o u s l y   a t   the   t ime  of  c u r r e n t  

i n t e r r u p t i o n ,  

F ig .   2  is  a  c h a r t   showing   the   v o l t a g e   and  c u r r e n t  

c h a r a c t e r i s t i c s   w i t h   t ime  in  the  c i r c u i t   b r e a k e r   shown  i n  

F ig .   1,  a n d  



Fig .   3  i s   a  d i a g r a m m a t i c   v i ew  showing   the   c o n s t r u c t i o n  

of  t he   c u r r e n t   b r e a k e r   a c c o r d i n g   to  an  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 .  

With  r e s p e c t   to   the   d e s c r i p t i o n   of  the   F i g u r e s   1  and  2 

i t   i s   r e f e r r e d  t o  t h e   above  i n t r o d u c t i o n .  

F ig .   3  shows  a  p r e f e r r e d  e m b o d i m e n t   of  t he   p r e s e n t   i n v e n t i o n  

w h e r e i n   t he   same  n u m e r a l s   1  t h r o u g h   7  as  t h o s e   used   in  F i g .   1 

a re   u sed   to  d e p i c t   t he   same  or  c o r r e s p o n d i n g   p a r t s .   The  d . c .  

b r e a k e r   u n i t   4  is   c o m p r i s e d   of  a  f i x e d   c o n t a c t   8,  a  m o v a b l e  

c o n t a c t   9  t h a t   may  be  e n g a g e d   w i t h   or  d i s e n g a g e d   from  t h i s  

f i x e d   c o n t a c t ,   a  f low  g u i d e   member  10  p l a c e d   a r o u n d   t h e s e  

c o n t a c t s   and  s e c u r e d   to  s a i d   movab le   c o n t a c t ,   a  c y l i n d e r   11  

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

m o v a b l e   c o n t a c t ,   a  b u f f e r   chamber   13  d e f i n e d   b e t w e e n   t h e  

c y l i n d e r   and  a  p i s t o n   12  s l i d a b l e   t h e r e i n ,   a  c o m m u t a t i n g  

c a p a c i t o r   6  in  p a r a l l e l   w i t h   s a i d   f i x e d   and  movab le   c o n t a c t s ,  

and  a  s u r g e   a b s o r b e r   7 .  

In  t he   o p e r a t i o n   of  t he   d . c .   c i r c u i t   b r e a k e r   u n i t   4 ,  

when  the   m o v a b l e   c o n t a c t   9  is   c o n t a c t e d   w i t h   the   f i x e d   c o n t a c t  

8,  t he   u n i t   4  b e i n g   t h u s   c l o s e d ,   t he   t o t a l i t y   of  t he   c u r r e n t  

s u p p l i e d   from  the   d . c .   s y s t e m   f l ows   t h r o u g h   t h e s e   c o n t a c t s  

8,  9.  In  t h i s   s t a t e ,   when  the   movab le   c o n t a c t   9  i s   p u l l e d  

t o w a r d s   l e f t   in  t he   d r a w i n g   by  an  o p e r a t i n g   m e c h a n i s m ,   n o t  

shown,  the   c o n t a c t s   a re   s e p a r a t e d   from  one  t h e   o t h e r   so  t h a t  

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

f lows   t h r o u g h   the   a r c .   S i n c e   the   a rc   v o l t a g e   e   b e t w e e n   t h e  

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

the   c o n t a c t s ,   a  c u r r e n t   ic   g i v e n   by  a  f o r m u l a  



f lows   t h r o u g h   c a p a c i t o r   6.  On  the   o t h e r   hand ,   a  c u r r e n t   i a  

g i v e n   by  a  f o r m u l a r  

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

c o n t a c t s   i s   i n c r e a s e d   so  t h a t   t h e   a rc   v o l t a g e   e   is  i n c r e a s e d  

to  the   e x t e n t   t h a t   the   c o n d i t i o n   shown  by  the   above  d e s c r i b e d  

f o r m u l a r   (2)  is   s a t i s f i e d ,   the   a r c   becomes   u n s t a b l e   and  t h e  

o s c i l l a t i n g   c u r r e n t   is   i n c r e a s e d   in  m a g n i t u d e   so  as  to  c r o s s  

zero   p o i n t s   t h u s   p r o v i d i n g   fo r   an  c i r c u i t   b r e a k i n g   o p e r a t i o n .  

Thus  the   c u r r e n t   i   f l o w i n g   t h r o u g h   the   c o n t a c t s   becomes  z e r o  

( ia  =  0).   However ,   the   c u r r e n t " I " i s   s t i l l   f l o w i n g   in  the   d . c .  

sy s t em  t h r o u g h   c a p a c i t o r   6  so  t h a t  

r e s u l t i n g   in  an  i n c r e a s e d   v o l t a g e   b e t w e e n   the   c o n t a c t s .   When 

the   v o l t a g e   b e t w e e n   the   c o n t a c t s   r e a c h e s   a  t h r e s h o l d   v o l t a g e  

V0  of  the  s u r g e   a b s o r b e r   7,  the   c u r r e n t   f l ows   t h r o u g h   t h e  

a b s o r b e r   7  so  as  to  be  d i s s i p a t e d   as  j o u l e ' s   h e a t .  

I t   is  known  in  g e n e r a l   t h a t   the   v a l u e   of  a  i n  

e q u a t i o n   (1)  is  h i g h e r   fo r   an  a rc   blown  by  n i t r o g e n   or  a i r  

t han   fo r   an  a rc   blown  by  SF6.  Thus ,   in  the   d . c .   c i r c u i t  

b r e a k e r   shown  in  F ig .   3,  a  h i g h e r   v a l u e   of  a  can  be  o b t a i n e d  

by  u s i n g   a  gas  m i x t u r e   c o n s i s t i n g   e s s e n t i a l l y   of  SF6  a n d  

n i t r o g e n   or  a i r   as  an  a rc   b l o w i n g   medium  t h a n   in  the   c a se   o f  

u s i n g   a  gas  c o n s i s t i n g   s o l e l y   of  SF6.  M o r e o v e r ,   t he   m a r g i n a l  

or  c r i t i c a l   t e m p e r a t u r e   at   which   the   above  gas  m i x t u r e   i s  



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

of  t he   S F 6 - g a s .   Thus  a  s t r o n g e r   p r e s s u r e   of  t he   a rc   b l o w i n g  

gas  may  be  u s e d ,   r e s u l t i n g   in  t he   s t r o n g e r   a rc   b l o w i n g   f o r c e  

a n d  t h e   i n c r e a s e   in  the   m a g n i t u d e   of  t he   r i g h t   s i d e   t e rm  o f  

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

I t   s h o u l d   a l s o   be  n o t e d   t h a t ,   w h i l e   a  h i g h e r   p r e s s u r e  

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

the   a id   of  a  c y l i n d e r   and  a  p i s t o n   such   as  b u f f e r   s y s t e m   a  

h i g h e r   p r e s s u r e   d i f f e r e n t i a l   can  be  a c h i e v e d   w i t h   ea se   w i t h  

t he   a id   of  such   b u f f e r   s y s t e m   upon  a d d i t i o n   of  an  S F 6  g a s   i n t o  

t h e s e   g a s e s ,   t h u s   e n a b l i n g   the   b u f f e r   b l o w i n g   s y s t e m   to  b e  

used   a d v a n t a g e o u s l y   in   c o n j u n c t i o n   w i t h   t he   d . c .   c i r c u i t  

b r e a k e r .  

The  m i x t u r e   r a t i o   of  n i t r o g e n   or  a i r   to  the  S F 6 - g a s  

may  p r e f e r a b l y   be  in  the   r a n g e   of  20  to  80  v o l .   p e r c e n t   o f  

n i t r o g e n   or  a i r   to  t he   S F 6 - g a s .   The  lower   l i m i t   o f  2 0   v o l .  

p e r c e n t   i s   s e t   b e c a u s e   an  i n c r e a s e   in  t he   v a l u e   of  a  or  a r c  

v o l t a g e   may  no t   be  i n c r e a s e d   f o r   l ower   n i t r o g e n   or  a i r   c o n t e n t s  

w h i l e   the   u p p e r   l i m i t   of  80  v o l .   p e r c e n t   i s   s e t   b e c a u s e   t h e  

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

or  a i r   c o n t e n t s .  

From  the   f o r e g o i n g   i t   is   s een   t h a t   t he   a r r a n g e m e n t  

of  the   p r e s e n t   i n v e n t i o n   p r o v i d e s   a  d . c .   c i r c u i t   b r e a k e r  

h a v i n g   a  l a r g e r   c u r r e n t   b r e a k i n g   c a p a c i t y   t h r o u g h   the   use  o f  

the   gas  m i x t u r e   c o n s i s t i n g   e s s e n t i a l l y   of  SF6  gas  and  a i r   o r  

n i t r o g e n   as  t he   a r c - e x t i n g u i s h i n g   and  i n s u l a t i n g   m e d i u m .  



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

a  c i r c u i t   b r e a k e r   s e c t i o n   (5)  a  c u r r e n t   c o m m u t a t i n g  

a u x i l i a r y   c i r c u i t   formed  by  a  c a p a c i t a n c e   (6)  a n d / o r  

an  i n d u c t a n c e   (3) ,   c h a r a c t e r i z e d   in  t h a t   a  gas  m i x t u r e  

c o n s i s t i n g   e s s e n t i a l l y   of  an  SFú  -gas   and  n i t r o g e n   o r  
of  SF6  -gas   and  a i r   is  used  as  an  a r c e x t i n g u i s h i n g   a n d  

i n s u l a t i n g   medium  fo r   s a i d   c i r c u i t   b r e a k e r   s e c t i o n   ( 5 ) .  

2.  The  d . c .   c i r c u i t   b r e a k e r   as  c l a i m e d   in  c l a i m   1 ,  
w h e r e i n   a  b u f f e r   type   b l o w i n g   u n i t   c o n s i s t i n g  

e s s e n t i a l l y   of  a  c y l i n d e r   (11)  and  a  p i s t o n   (12)  i s  

used   as  a  gas  b l o w i n g   sy s t em  fo r   e x t i n g u i s h i n g   t h e  

arc  w i th   the   a id   of  the   a r c - e x t i n q u i s h i n g   a n d  

i n s u l a t i n g   m e d i u m .  

3.  The  d . c .   c i r c u i t   b r e a k e r   as  c l a i m e d   in  c l a i m   1  or  2 ,  
w h e r e i n   20  to  80  v o l .   p e r c e n t   of  n i t r o g e n   or  a i r   i s  

mixed  to  S F 6 .  
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