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©  A  current  limiter. 

The  present  invention  relates  to  a  current  limiter  wherein 
a  pair  of  conductors  (2,  6a,  6b)  each  having  a  contact  (5a,  5b, 
7a,  7b)  fastened  thereto  are  arranged  in  opposition  to  each 
other  so  that  the  senses  of  currents  to  flow  through  the 
respective  conductors  (2,  6a,  6b)  via  the  contacts  (5a,  5b,  7a, 
7b)  may  become  opposite  to  each  other,  and  wherein  the 
respective  contacts  (5a,  5b,  7a,  7b)  are  surrounded  with  arc 
shields  (10a,  10b,  11a,  11b).  The  arc  shields  (10a,  10b,  11a, 
11b)  are  formed  of  a  highly  resistive  material  having  a 
resistivity  higher  than  that  of  the  conductors  (2,  6a,  6b),  and 
they  effectively  inject  the  metal  particles  of  the  contacts  (5a, 
5b,  7a,  7b)  into  an  electric  arc  struck  thereacross,  to  rapidly 
and  greatly  raise  an  arc  voltage  and  to  enhance  the  current 
limiting  performance  of  the  current  limiter. 



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  c u r r e n t   l i m i t e r   f o r  

p r o t e c t i n g   e l e c t r i c   c i r c u i t s .   More  p a r t i c u l a r l y ,   t h e  

i n v e n t i o n   as  c l a i m e d   i s   i n t e n d e d   to   p r o v i d e   a  n o v e l  

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

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

r a i s e   t h e   a r c   v o l t a g e   of  an  e l e c t r i c   a r c   s t r u c k   a c r o s s  

t h e   c o n t a c t s ,   t h e r e b y   to   a t t a i n   an  e f f e c t i v e   c u r r e n t -  

l i m i t i n g   f u n c t i o n .  

In  p r i o r   c u r r e n t   l i m i t e r s ,   an  e l e c t r i c   a r c   s t r u c k   a c r o s s  

c o n t a c t s   e x p a n d s   i t s   f e e t   ( b a s e )   to   t h e   p a r t s   of  c o n -  

d u c t o r s   a r o u n d   and  n e a r   t h e   c o n t a c t s .   T h i s   l e a d s   to   t h e  

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

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

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

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

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

a n d  i n   w h i c h   t h e   c o n t a c t s   a r e   p r o v i d e d   w i t h   a r c   s h i e l d s '  

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

r e s i s t i v e   m a t e r i a l   h a v i n g   a  r e s i s t i v i t y   h i g h e r   t h a n   t h a t  

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

p a r t i c l e s   of  t h e   c o n t a c t s   i n t o   an  e l e c t r i c   a r c   s t r u c k  

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



r a i s e   t h e   a r c   v o l t a g e   of   t h e   e l e c t r i c   a r c   so  as  to   e n h a n c e  

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

P r e f e r r e d   ways  of   c a r r y i n g   o u t   t h e   i n v e n t i o n   a r e   d e s -  

c r i b e d   b e l o w   w i t h   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 i g u r e   1a  i s   a  s e c t i o n a l   p l a n   v i e w   of  a  c o n v e n t i o n a l  

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

c a b l e ;  

F i g u r e   1b  i s   a  s e c t i o n a l   p l a n   v i e w   s h o w i n g   t h e   s t a t e   i n  

w h i c h   t h e   c o n t a c t s   of  t h e   c u r r e n t   l i m i t e r   in   F i g u r e   1 a  

a r e   s e p a r a t e d ;  

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

e l e c t r i c   a r c   w h i c h   i s   s t r u c k   a c r o s s   t h e   c o n t a c t s   of   t h e  

c u r r e n t   l i m i t e r   in  F i g u r e   1 a ;  

F i g u r e   3  i s   a  s e c t i o n a l   p l a n   v i e w   s h o w i n g   an  e m b o d i m e n t  

of   a  c u r r e n t   l i m i t 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 u r e   4  i s   a  p e r s p e c t i v e   v i e w   s h o w i n g   t h e   r e l a t i o n s h i p  

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

l i m i t 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 u r e   5  i s   an  e l e c t r i c a l   c o n n e c t i o n   d i a g r a m   s h o w i n g   a n  

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

F i g u r e   6  i s   a  m o d e l   d i a g r a m   s h o w i n g   t h e   a c t i o n   of   t h e  

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

F i g u r e   7  i s   a  s e c t i o n a l   p l a n   v i e w   of  a n o t h e r   c o n v e n t i o n a  

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

c u r r e n t   l i m i t e r   in  F i g u r e   1a,   t o   w h i c h   t h e   p r e s e n t   i n -  

v e n t i o n   i s   a l s o   a p p l i c a b l e ;  



F i g u r e   8  i s   a  s e c t i o n a l   p l a n - v i e w   s h o w i n g   a n o t h e r   e m b o d i -  

m e n t   of  t h e   c u r r e n t   l i m i t 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 ;   a n d  

F i g u r e   9  i s   a  s e c t i o n a l   p l a n   v i e w   s h o w i n g   s t i l l   a n o t h e r  

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

In  t h e   d r a w i n g s ,   t h e   same  s y m b o l s   i n d i c a t e   i d e n t i c a l   o r  

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

A  c o n v e n t i o n a l   c u r r e n t   l i m i t e r   to   w h i c h   t h e   p r e s e n t   i n -  

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

-  F i g u r e s   1a  and  1b.  In  t h e   d r a w i n g s ,   n u m e r a l   1  d e s i g n a t e s  

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

m a t e r i a l .   A  r o t a r y   c o n t a c t o r   2  i s   d i s p o s e d   i n s i d e   t h e  

c a s i n g   1  in   a  m a n n e r   to   be  t u r n a b l e   a b o u t   a  p i v o t  p i n   4 

w h i c h   i s   i n s e r t e d   in   an  e l l i p t i c a l   h o l e   3  p e n e t r a t i n g  

t h r o u g h   t h e   r o t a r y   c o n t a c t o r ' i n   t h e   p o s i t i o n   of  t h e  

c e n t e r   of  g r a v i t y   t h e r e o f .   M o v a b l e   c o n t a c t s   5a  and  5 b  

a r e   d i s p o s e d   a t   b o t h   t h e   ends   of  t h e   r o t a r y   c o n t a c t o r   2 

in   t h e   d i a m e t r i c a l   d i r e c t i o n   t h e r e o f .   I n s i d e   t h e   c a s i n g   1 ,  

t h e r e   a r e   a r r a n g e d   s t a t i o n a r y   c o n t a c t o r s   6a  and  6b  w h i c h  

p a s s   t h r o u g h   t h e   w a l l s   of  t h e   c a s i n g .   The  s t a t i o n a r y   c o n -  

t a c t o r s   6a  and  6b  a r e   r e s p e c t i v e l y   p r o v i d e d   a t   t h e i r   e n d s  

w i t h   s t a t i o n a r y   c o n t a c t s   7a  and  7b  w h i c h   f a l l   w i t h i n   t h e  

l o c i   of  r o t a t i o n   of  t h e   m o v a b l e   c o n t a c t s   5a  and  5b  of  t h e  

r o t a r y   c o n t a c t o r   2.  In  t h e   n o r m a l   c o n d i t i o n ,   t h e   m o v a b l e  

c o n t a c t s   5a  and  5b  a r e   r e s p e c t i v e l y   h e l d   a g a i n s t   t h e  

s t a t i o n a r y   c o n t a c t s   7a  and  7b  u n d e r   a  r e q u i r e d   p r e s s u r e  

by  means   of  s p r i n g s   8a  and  8b.  P a r a l l e l   c u r r e n t   p a t h s  

c l o s e   to   e a c h   o t h e r   a r e   fo rmed   by  t h e   m u t u a l l y   o p p o s i n g  

l o n g i t u d i n a l   p a r t s   of  t h e   two  s t a t i o n a r y   c o n t a c t o r s   6 a  

and  6b  and  t h e   r o t a r y   c o n t a c t o r   2,  t h a t   i s ,   p a r t s   6a1  a n d  

2a  and  p a r t s   6b1  and  2b.  E l e c t r i c   a r c s   w h i c h   a r e   s t r u c k  

a c r o s s   c o n t a c t s   5a  and  7a  and  a c r o s s   c o n t a c t s   5b  and  7 b  



when  t h e y   a r e   s e p a r a t e d   f rom  e a c h   o t h e r ,   a r e   r e s p e c t i v e l y  
s t r e t c h e d   and  c o o l e d   and  t h e n   e x t i n g u i s h e d   by  a r c   e x -  

t i n g u i s h i n g   c h a m b e r s   9a  and  9b  w h i c h   a r e   d e f i n e d   in   t h e  

c a s i n g   1 .  

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

as  e x p l a i n e d   a b o v e ,   t h e   r o t a r y   c o n t a c t o r  2   h a s   i t s   l o n g i -  

t u d i n a l   p a r t s   2a  and  2b  l o c a t e d   in   o p p o s i t i o n   to   t h e  

l o n g i t u d i n a l   p a r t s   6a1  and  6b1  of  t h e   s t a t i o n a r y   c o n t a c -  

t o r s   6a  and  6b,  r e s p e c t i v e l y ,   as  shown  in  F i g u r e   1a.   A c c o r d -  

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

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

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

o t h e r .   T h e r e f o r e ,   when  a  c u r r e n t   in   e x c e s s   of   a  p r e -  

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

r o t a r y   c o n t a c t o r   2  r e c e i v e s   c o u n t e r c l o c k w i s e - t u r n i n g  

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

b e t w e e n   i t   a n d  t h e   two  p a r a l l e l   s t a t i o n a r y   c o n t a c t o r s   6 a  

and  6b,  and  t h e   u r n i n g   f o r c e s   s e p a r a t e   t h e   two  s e t s   o f  

c o n t a c t s   5a  and  7a  and  5b  and  7b  a g a i n s t   t h e   r e s p e c t i v e  

s p r i n g s   8a  and  8b.  T h u s ,   t h e   e l e c t r i c   a r c s   a r e   s t r u c k  

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

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

d i s p o s e d   in   t h e   a r c   e x t i n g u i s h i n g   c h a m b e r s   9a  and  9 b .  

H e r e i n ,   t h e   c u r r e n t   l i m i t e r   shown  in  F i g u r e s   1a  and  1 b  

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

t a c t s   can  be  p r o m p t l y   e f f e c t e d   b e c a u s e   t h e   two  r e p u l s i v e  

f o r c e s   in  t h e   same  d i r e c t i o n s   a c t   on  t h e   r o t a r y   c o n t a c t o r  

2  a t   t h e   same  t i m e .  

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

t h e   a r c   v o l t a g e   of  t h e   e l e c t r i c   a r c   a c r o s s   e a c h   s e t   o f  

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

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

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

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



In  g e n e r a l ,   t h e   a r c   r e s i s t a n c e   has   t h e   f o l l o w i n g   r e l a t i o n -  

s h i p :  

w h e r e   R  :   a r c   r e s i s t a n c e   ( Ω )  

p  :   a r c   r e s i s t i v i t y   ( Ω .   cm) 

1  :   a r c   l e n g t h   (cm) 

S  :  a r c   s e c t i o n a l   a r e a   (cm2)  

In  g e n e r a l ,   in   a  s h o r t   a r c   w h i c h   has   a  h i g h   c u r r e n t   of  a t  

l e a s t   s e v e r a l   kA  and the arc  l e n g t h   of  w h i c h   i s   a t   m o s t   50  mm, 

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

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

to  t h e   s u r f a c e s   of  t h e   c o n t a c t s .   At  t h e   e m i s s i o n ,   t h e  

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

of  t h e   m e t a l   m a t e r i a l   of  t h e   c o n t a c t s .   F u r t h e r ,   as  s o o n  

as  t h e   p a r t i c l e s   a r e   e m i t t e d   i n t o   t h e   a rc   s p a c e ,   t h e y  

u n d e r g o   t h e   i n j e c t i o n   of  e l e c t r i c a l   e n e r g y   to   be  r e n d e r e d  

h i g h   in  t e m p e r a t u r e   and  p r e s s u r e   and  to  b e a r   an  e l e c t r i c  

c o n d u c t i v i t y ,   and  t h e y   f l o w   or  f l y  a w a y   f rom  t h e   c o n t a c t s  

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

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

m a n n e r ,   t h e   a r c   r e s i s t i v i t y   P  and  t h e   a r c   s e c t i o n a l   a r e a  

S  in  t h e  a r c   s p a c e   a r e   d e t e r m i n e d   by  t h e   q u a n t i t y   o f  

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

e m i s s i o n   t h e r e o f .   A c c o r d i n g l y ,   t h e   a r c   v o l t a g e   i s   d e -  

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

Now,  t h e   b e h a v i o r   of  t h e   c o n t a c t   p a r t i c l e s   in   t h e   p r i o r  

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

F i g u r e   2.  In  F i g u r e   2,  s u r f a c e s   X  a r e   o p p o s i n g   s u r f a c e s  

w h i c h   s e r v e   as  c o n t a c t   s u r f a c e s   when  t h e   r e s p e c t i v e  

c o n t a c t s   5a  and  7a  come  i n t o   t o u c h ,   w h i l e   s u r f a c e s   Y  i n -  

c l u d e   t h o s e   s u r f a c e s   of  t h e   c o n t a c t s   wh ich   a r e   e l e c t r i c a l  

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



p a r t s   of  t h e   s u r f a c e s   of  t h e   c o n d u c t o r s   of  t h e   c o n t a c t o r s .  

A  c o n t o u r   Z1  i n d i c a t e d   b y  a   d o t - a n d - d a s h   l i n e   in   F i g u r e   2 

i s   t h e   e n v e l o p e   of  t h e   a r c   s t r u c k   a c r o s s   t h e   c o n t a c t s   5 a  

and  7a.   F u r t h e r ,   s y m b o l s   p1 ,   p2  and  p3  i n d i c a t e   t h e  

e m i t t e d   p a r t i c l e s .   More  s p e c i f i c a l l y ,   t h e   p a r t i c l e s   p  
a r e   t h e   c o n t a c t   p a r t i c l e s   e m i t t e d   f rom  n e a r   t h e   c e n t e r s  

of  t h e   o p p o s i n g   s u r f a c e s   X,  t h e   p a r t i c l e s   p2  a r e   t h e  

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

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

t h e   c o n d u c t o r   s u r f a c e s   of   t h e   c o n t a c t o r s   6a  and  2  a s  

s t a t e d   a b o v e ,   and  t h e   p a r t i c l e s   p3  a r e   t h e   c o n t a c t   p a r -  

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

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

t h e   p o s i t i o n s   of  t h e   c o n t a c t   p a r t i c l e s   p1  and  p2 .   T h e  

p a t h s   of  t h e   p a r t i c l e s   p1 ,   p2  and  p3  a f t e r   t h e   e m i s s i o n  

e x t e n d   a l o n g   f l o w   l i n e s   i n d i c a t e d   by  a r r o w s   m,  n  a n d   o 1 ,  
r e s p e c t i v e l y .  

The  c o n t a c t   p a r t i c l e s   p 1 , p 2   and  p3  t h u s   e m i t t e d   h a v e  

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

m e t a l   of  t h e   c o n t a c t s ,  i . e . ,   a p p r o x i m a t e l y   3 , 0 0 0 ° C ,   t o   a  

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

d u c t i v i t y ,   i . e . ,   a t   l e a s t   8 , 0 0 0 ° C ,   or  to   a  s t i l l   h i g h e r  

t e m p e r a t u r e   of   a p p r o x i m a t e l y   2 0 , 0 0 0  C .   T h e r e f o r e ,   t h e  

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

t e m p e r a t u r e   of   t h e   a r c   s p a c e ,   w i t h   t h e   r e s u l t   t h a t   an  a r c  

r e s i s t a n c e   i s   g e n e r a t e d .   The  q u a n t i t y   of  e n e r g y   w h i c h   t h  

c o n t a c t   p a r t i c l e s   t a k e   o u t   ( a b s o r b )   of  t h e   a r c   s p a c e   i s  

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

t h e   p a r t i c l e s .   In  t u r n ,   t h e   e x t e n t   of  t h e   t e m p e r a t u r e   r i s  

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

a r c   s p a c e ,   of  t h e   e l e c t r o d e   p a r t i c l e s   e m i t t e d   f r o m   t h e  

c o n t a c t s .   In  c o n s e q u e n c e ,   in   t h e   p r i o r   c u r r e n t   l i m i t e r  

shown  in  F i g u r e   2,  t h e   c o n t a c t   p a r t i c l e s   p1  e m i t t e d   f r o m  

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

q u a n t i t i e s   of  e n e r g y   o u t   of  t h e   a r c   s p a c e ,  b u t   t h e   c o n t a  



p a r t i c l e s   p 2  e m i t t e d   f rom  t h e   s u r f a c e s   Y  i n c l u d i n g   t h e  

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

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

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

P1.  In  a d d i t i o n ,   t h e   c o n t a c t   p a r t i c l e s   p3  e m i t t e d   f r o m  

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

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

q u a n t i t i e s   of  e n e r g y   w h i c h   t h e   c o n t a c t   p a r t i c l e s   p1  a n d  

P2  a b s o r b .   T h a t   i s ,   in   t h e   r a n g e   in  w h i c h   t h e   c o n t a c t  

p a r t i c l e s   p 1  f l o w ,   t h e   l a r g e   q u a n t i t i e s   of  e n e r g y   a r e  

t a k e n   o u t   to   l o w e r   t h e   t e m p e r a t u r e   of  t h e   a r c   s p a c e ,   s o  

t h a t   t h e   a r c   r e s i s t i v i t y   p  i s   i n c r e a s e d .   H o w e v e r ,   i n  

t h e   r a n g e   in   w h i c h  t h e   c o n t a c t   p a r t i c l e s   p2  and  p3  m o v e ,  

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

l a r g e   q u a n t i t i e s   of  e n e r g y   a r e   n o t   t a k e n   o u t .   A c c o r d i n g l y ,  

t h e   i n c r e a s e   of  t h e   a r c   r e s i s t i v i t y   p  c a n n o t   be  a c h i e v e d .  

M o r e o v e r ,   s i n c e   t h e   a r c   i s   g e n e r a t e d   f rom  t h e   o p p o s i n g  

s u r f a c e s   X  and  t h e   c o n t a c t   s u r f a c e s   Y,  t h e   a r c   s e c t i o n a l  

a r e a   i n c r e a s e s ,   r e s u l t i n g   i n  a   l o w e r e d   a r c   r e s i s t a n c e .  

Such   o u t f l o w   of  e n e r g y   f rom  t h e   a r c   s p a c e   as  c a u s e d   by  t h e  

c o n t a c t   p a r t i c l e s   b a l a n c e s   w i t h   t h e   e l e c t r i c a l   i n j e c t i o n  

e n e r g y .  I t   i s   t h e r e f o r e   u n d e r s t o o d   t h a t ,   when  t h e   c o n t a c t  

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

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

t h e   a r c   s p a c e   i s   more  l o w e r e d ,   w i t h   t h e   r e s u l t   t h a t   t h e  

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

F i g u r e   3  shows  an  e m b o d i m e n t  o f   a  c u r r e n t   l i m i t 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 .   R e f e r r i n g   to  F i g u r e   3,  t h e  

c o n t a c t s   5a  and  5b  of  t h e   r o t a r y   c o n t a c t o r   2  a r e   r e s p e c t i v e -  

ly  s u r r o u n d e d   w i t h   a r c   s h i e l d s   10  and  10b,  w h i l e   t h e  

c o n t a c t s   7a  and  7b  of  t h e   s t a t i o n a r y   c o n t a c t o r s   6a  a n d  

6b  a r e   r e s p e c t i v e l y   s u r r o u n d e d   w i t h   a r c   s h i e l d s   11a  a n d  

11b.   S y m b o l s   12a  and  12b  i n d i c a t e   p i e c e s   of  an  i n s u l a t i n g  

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



c h a r g i n g   p a r t s   of  t h e   r o t a r y   c o n t a c t o r   2  o p p o s i n g   to   t h e  

s t a t i o n a r y   c o n t a c t o r s   6a  and  6b,  r e s p e c t i v e l y ,   w h i l e  

s y m b o l s   13a  and  13b  i n d i c a t e   p i e c e s   of  t h e   i n s u l a t i n g  

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

t h e   s t a t i o n a r y   c o n t a c t o r s  6 a   and  6b,  r e s p e c t i v e l y .   T h e  

o t h e r   p a r t s   a r e   t h e   same  as  in   t h e   p r i o r   c o n s t r u c t i o n  

shown  in  F i g u r e s   1a'  and  1 b .  

A l l   t h e   a r c   s h i e l d s   10a ,   10b,   11a  and  11b  a r e   f o r m e d   o f  

a  h i g h l y   r e s i s t i v e   m a t e r i a l   w h i c h   h a s   a  r e s i s t i v i t y   h i g h e r  

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

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

m a t e r i a l   s u c h   as  n i c k e l ,   i r o n ,   c o p p e r - n i c k e l ,   c o p p e r -  

m a n g a n e s e ,   m a n g a n i n ,   i r o n - c a r b o n ,   i r o n - n i c k e l ,   and  i r o n -  

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

a r e   a  m e t h o d   in   w h i c h   a  p l a t e - s h a p e d   member   f a b r i c a t e d  

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

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

t h e   m o u n t i n g   s t a t e   of  t h e   a r c  s h i e l d   11a  on  t h e   c o n t a c t  

7a  of  t h e   s t a t i o n a r y   c o n t a c t o r   6a  in   F i g u r e   4,  and  a  

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

h i g h l y   r e s i s t i v e   m a t e r i a l   s u c h   as  c e r a m i c   by,   f o r   e x a m p l e ,  

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

b a s e d   on  t h e   c o a t i n g ,  t h e   a r c   s h i e l d s   can  be  f o r m e d  

i n e x p e n s i v e l y   and  s i m p l y .   E s p e c i a l l y ,   t h e   w e i g h t   of  t h e  

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

T h i s   b r i n g s   f o r t h   t h e   a d v a n t a g e   t h a t   t h e   moment   of  i n e r t i a  

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

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

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

b e c a u s e   i t   i s   e f f e c t i v e   to   c o n f i n e   t h e   a r c ,   as  w i l l   b e  

d e s c r i b e d   l a t e r .  

F i g u r e   5  shows   a  d i a g r a m   of   e l e c t r i c a l   c o n n e c t i o n   w h e r e -  
in   a  r e s i s t o r   1 5  . i s   d i s p o s e d   in   p a r a l l e l   w i t h   an  e l e c t r i c  



c i r c u i t   f o r   w h i c h   t h e   c u r r e n t   l i m i t e r   14  shown  in  F i g u r e  

3  is   u s e d .   In  t h i s   c i r c u i t   a r r a n g e m e n t ,   t he   r e s i s t o r   15 

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

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

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

In  a d d i t i o n ,   when  t h e   a r c   r e s i s t a n c e   of  t h e   e l e c t r i c   a r c  

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

r e s i s t o r   15,  t h e   c u r r e n t   of  t h e   c i r c u i t   t u r n s   o v e r   t o  

t h e   r e s i s t o r   15.  T h e r e f o r e ,   t h e   r e s i s t o r   15  i s   e f f e c t i v e  

to   e x t i n g u i s h   t h e   a r c .  

Now ,   t he   b e h a v i o r   of  t h e   c o n t a c t   p a r t i c l e s   w i l l   be  d e s -  

c r i b e d   w i t h   r e f e r e n c e   to   F i g u r e   6  in   o r d e r   to  e x p l a i n   t h e  

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

F i g u r e   3.  In  F i g u r e   3,  s y m b o l s   X,  p1,   P3  and  m  c o r r e s p o n d  

to   t h o s e   i n d i c a t e d   in   F i g u r e   2,  r e s p e c t i v e l y .   Symbol  Z2 
i n d i c a t e s   t h e   e n v e l o p e   of  t h e   a r c   s p a c e   s h r u n k   by  t h e  

d e v i c e   of  t h e   p r e s e n t   i n v e n t i o n ,   and  symbol   O 2  t h e   f l o w  

l i n e   of  t h e   c o n t a c t   p a r t i c l e  p 3   f l o w i n g   or  moving   a l o n g   a  

p a t h   d i f f e r e n t   f rom  t h a t   in  t h e   p r i o r   d e v i c e .   P a r t s   Q 

i n d i c a t e d   by  c r o s s h a t c h i n g   a r e   s p a c e s   in  which   t h e  

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

t h e   a r c   s h i e l d s   10  and  11a ,   t h e r e b y   to   r a i s e   t he   p r e s s u r e  
w h i c h   has   been   l o w e r e d   in  t h e   p r i o r   d e v i c e   w i t h o u t   a r c  

s h i e l d .  

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

Q  c a n n o t   e x c e e d   t h e   p r e s s u r e   v a l u e   of  t he   space   of  t h e  

a r c   i t s e l f ,   b u t   much  h i g h e r   v a l u e s   a r e   e x h i b i t e d   at   l e a s t  

in   c o m p a r i s o n   w i t h   v a l u e s   in  t h e   c a s e   where   the   a rc   s h i e l d s  

a r e   n o t   p r o v i d e d .   A c c o r d i n g l y ,   t h e   c o n s i d e r a b l y   h i g h  

p r e s s u r e s   in  t h e   s p a c e s   Q  c a u s e d   by  t h e   a rc   s h i e l d s   1 0 a  

and  11a  a f f o r d   f o r c e s   s u p p r e s s i n g   t h e   s p r e a d   of  the   s p a c e  .  

of  t h e   a r c   and  c o n f i n e   t he   a r c   w i t h i n   a  s m a l l   s p a c e .   T h i s  

r e s u l t s   in  c o n s t r i c t i n g   and  c o n f i n i n g   i n t o   the   a rc   s p a c e  

t h e   f l o w   l i n e s   of  t h e   c o n t a c t   p a r t i c l e s   p   and  p3  e m i t t e d  



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

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

e f f e c t i v e l y   i n j e c t e d   i n t o   t h e   a r c   s p a c e .   As  a  r e s u l t ,  

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

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

p r i o r   d e v i c e .   T h e r e f o r e ,   t h e   a r c   s p a c e   i s   r e m a r k a b l y  

c o o l e d ,   t o   c o n s i d e r a b l y   i n c r e a s e   t h e   a r c   r e s i s t i v i t y .  

or   a r c   r e s i s t a n c e   R  and  to  g r e a t l y   r a i s e   t h e   a r c   v o l t a g e .  

F u r t h e r ,   when  a t   l e a s t   one  of  t h e   o p p o s i n g   c o n d u c t o r   s u r -  

f a c e s   of   t h e   r o t a r y   c o n t a c t o r   and  t h e   s t a t i o n a r y   c o n t a c t o r  

i s   c o v e r e d   w i t h   t h e   i n s u l a t i n g   m a t e r i a l   as  in  t h e . e m b o d i -  

m e n t   shown  in  F i g u r e   3,  d i e l e c t r i c   b r e a k d o w n   in  any  o t h e r  

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

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

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

of   t h e   a r c   s h i e l d s .  

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

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

by  to   c l o s e   or   o p e n   t h e   c o n t a c t s ,   t h e   p r e s e n t   i n v e n t i o n   i s  

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

F i g u r e   7  shows   s u c h   c u r r e n t   l i m i t e r   to  w h i c h   t h e   p r e s e n t  

i n v e n t i o n   i s   a p p l i c a b l e .   In  F i g u r e   7,  n u m e r a l   21  d e s i g n a t e s  

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

m a t e r i a l .   A  m o v a b l e   c o n t a c t o r   22  i s   d i s p o s e d   i n s i d e   t h e  

c a s i n g   21  in  a  m a n n e r   to   be  t u r n a b l e   a b o u t   a  p i v o t   p i n  

24  w h i c h   i s   i n s e r t e d   t h r o u g h   a  h o l e   23.  One  end  of  t h e  

m o v a b l e   c o n t a c t o r   22  i s   p r o v i d e d   w i t h   a  c o n t a c t   25,  w h i l e  

t h e   o t h e r   end  t h e r e o f   i s   c o n n e c t e d   to   an  e x t e r n a l   c o n d u c t o r  

31  t h r o u g h   a  f l e x i b l e   c o p p e r - s t r a n d e d   w i r e   30.  A  s t a t i o n a r y  

c o n t a c t o r   26  i s   p r o v i d e d   a t   i t s   end  w i t h   a  c o n t a c t   27  w h i c h  

f a l l s   w i t h i n   t h e   l o c u s   of  r o t a t i o n   of  t h e   c o n t a c t   25  o f  

t h e   m o v a b l e   c o n t a c t o r   22.  In  t h e   n o r m a l   c o n d i t i o n ,   t h e  

c o n t a c t   25  i s   h e l d   in   t o u c h   w i t h   t h e   c o n t a c t   27  u n d e r   a  

r e q u i r e d   p r e s s u r e   by  means   of  a  s p r i n g   28.  P a r a l l e l  



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

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

c o n t a c t o r   26  and  t h e   r o t a r y   c o n t a c t o r   22.  An  e l e c t r i c   a r c  

w h i c h   i s   s t r u c k   a c r o s s   t h e   c o n t a c t s   25  and  27  when  t h e y  

a r e   s e p a r a t e d   f rom  e a c h   o t h e r   i s   s t r e t c h e d   and  c o o l e d  

and  t h e n   e x t i n g u i s h e d   by  a r c   e x t i n g u i s h i n g   p l a t e s   32  in  ; 

an  a r c   e x t i n g u i s h i n g   c h a m b e r   29  d e f i n e d   in  t h e   c a s i n g  2 1 .  

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

m o v a b l e   c o n t a c t o r   22  has   i t s   l o n g i t u d i n a l   p a r t   l o c a t e d  

in  o p p o s i t i o n   to   t h e   l o n g i t u d i n a l   p a r t   of  t h e   s t a t i o n a r y   ; 

c o n t a c t o r   26,  so  t h a t   t h e   s e n s e s   or  p o l a r i t i e s   of  c u r r e n t s  

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

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

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

t h i s   c u r r e n t   l i m i t e r ,   t h e   m o v a b l e   c o n t a c t o r   22  r e c e i v e s  

a  c o u n t e r c l o c k w i s e   t u r n i n g   f o r c e   b a s e d   on  an  e l e c t r o -  

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

p a r a l l e l   s t a t i o n a r y   c o n t a c t o r   26,  and  t h e   c o n t a c t s   25  a n d  

27  b e g i n   to   s e p a r a t e   a g a i n s t   t h e   s p r i n g   28,  so  t h a t   a n  

e l e c t r i c   a r c   i s   s t r u c k   a c r o s s   t h e   c o n t a c t s .  

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

a r c   e x t i n g u i s h i n g   p l a t e s   32  d i s p o s e d   in  t h e   a r c  

e x t i n g u i s h i n g   c h a m b e r   2 9 .  

W i t h   t h e   a b o v e - s t a t e d   c u r r e n t   l i m i t e r   of  F i g u r e   7,  h o w e v e r  

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

c e r t a i n   v a l u e   as  d e s c r i b e d   w i t h   r e f e r e n c e   to   F i g u r e   2 ,  

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

F i g u r e   8  shows  a  c u r r e n t   l i m i t e r   body  33  in  a n o t h e r   e m b o d i  

m e n t   of  t h e   c u r r e n t   l i m i t 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 .   R e f e r r i n g   to   F i g u r e   8,  a r c   s h i e l d s   34a  and  3 4 b  

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

s u r r o u n d   t h e   c o n t a c t   25  of  t he   m o v a b l e   c o n t a c t o r   22  a n d  



t h e   c o n t a c t   27  of  t h e   s t a t i o n a r y   c o n t a c t o r   26.  A  p i e c e  
of  an  i n s u l a t i n g   m a t e r i a l   3 5 a  i s   d i s p o s e d   on  t h e   c o n d u c t o r  

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

22  o p p o s i n g   to   t h e   s t a t i o n a r y   c o n t a c t o r   26,  w h i l e   a  p i e c e  

of   t h e   i n s u l a t i n g   m a t e r i a l   35b  i s   s i m i l a r l y   d i s p o s e d   o n  

t h e   b a r e   c h a r g i n g   p a r t   of  t h e   s t a t i o n a r y   c o n t a c t o r   2 6 .  

The  m e t h o d   of   f o r m i n g   t h e   a r c   s h i e l d s   34a  and  34b  i s   t h e  

same  as  s t a t e d   in   t h e   e m b o d i m e n t   of  F i g u r e   3 .  

In  t h e   p r e s e n t   e m b o d i m e n t ,   same  as  in   t h e   e m b o d i m e n t   o f  

F i g u r e   3,  t h e   a r c   v o l t a g e   can   be  r a p i d l y   r a i s e d   by  t h e  

a r c   s h i e l d s   34a   and  34b  so  as  to   a c h i e v e   an  e f f e c t i v e  

c u r r e n t - l i m i t i n g   f u n c t i o n .  

F i g u r e   9  shows   s t i l l   a n o t h e r   e m b o d i m e n t   of  t h e   c u r r e n t  

l i m i t 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 .   As  shown  i n  

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

c o n t a c t o r s   22a  and  2 2 b : w h i c h   a r e   made  of  a  c o n d u c t o r   a n d  

w h i c h   f o rm  p a r a l l e l   c u r r e n t   p a t h s .   B o t h   t h e s e   c o n t a c t o r s  

h a v e   c o n t a c t s   25a  and  25b  on  one  end  t h e r e o f ,   and  h a v e  

f l e x i b l e   c o p p e r - s t r a n d e d   w i r e s   30a  and  30b  c o n n e c t e d   t o  

t h e   o t h e r   e n d s   t h e r e o f .   T h e s e   c o n t a c t o r s   a r e   r o t a t a b l e  

a b o u t   p i v o t   p i n s   24a  and  24b,   r e s p e c t i v e l y .   S y m b o l s   3 4 c  

a n d  3 4 d   i n d i c a t e   a r c   s h i e l d s  s u r r o u n d i n g   t h e   r e s p e c t i v e  

c o n t a c t s   25a  and  25b ,   w h i l e   s y m b o l s   35c  and   35d  i n d i c a t e  

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

c h a r g i n g   p a r t s   of   t h e   r e s p e c t i v e   m o v a b l e   c o n t a c t o r s   2 2 a  

and   2 2 b .  

The  m e t h o d   of  f o r m i n g   t h e   a r c   s h i e l d s   34c  and  34d  i s   t h e  

same  as  s t a t e d   in   c o n j u n c t i o n   w i t h   t h e   e m b o d i m e n t   o f  

F i g u r e   3.  In  t h e   p r e s e n t   e m b o d i m e n t ,   same  as  in  t h e  

e m b o d i m e n t   of  F i g u r e   3,  t h e   a r c   v o l t a g e   can   be  r a p i d l y  

r a i s e d   by  t h e   a r c   s h i e l d s   34c  and  34d  so  as  to   a c h i e v e  

an  e f f e c t i v e   c u r r e n t - l i m i t i n g   f u n c t i o n .  



In  c a s e   t h e   e m b o d i m e n t   shown  in  F i g u r e   8  or  9  i s   a p p l i e d  

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

F i g u r e   3,  t h e   r e s i s t o r   may  be  c o n n e c t e d   in  p a r a l l e l   a s  
i l l u s t r a t e d   in  F i g u r e   5,  w h e r e b y   t h e   a r c   v o l t a g e   can   b e  

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

can   be  p r e v e n t e d .  



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

c o n d u c t o r s   (2,   6 a ,   6b)  w h i c h   h a v e   c o n t a c t s   (5a ,   5b,  7 a ,  

7b)  f a s t e n e d   to   t h e i r   e n d s   and  w h i c h   o p p o s e   in   p a r a l l e l  

w i t h   e a c h   o t h e r ,   a t   l e a s t   one   c o n t a c t   s p r i n g   (8a ,   8b)  w h i c  

u r g e s   a  m o v a b l e   one  of  s a i d   c o n d u c t o r s   (2)  to   b r i n g   s a i d  

c o n t a c t s   (5a ,   5b,   7a ,   7b)  i n t o   e n g a g e m e n t ,   and  a r c   s h i e l d s  

( 1 0 a ,   10b,   11a ,   11b)  w h i c h   a r e   f o r m e d   of  a  h i g h l y   r e s i s t i v e  

m a t e r i a l   h a v i n g   a  r e s i s t i v i t y   h i g h e r   t h a n   t h a t   of  s a i d  

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

c o n d u c t o r s   (2,  6a,   6b)  in   a  m a n n e r   to   s u r r o u n d   s a i d  

c o n t a c t s   (5a ,   5b,  7a ,   7 b ) .  

2.  A  c u r r e n t   l i m i t e r   a c c o r d i n g   to   c l a i m   1,  w h e r e i n   o n e  

(2)  o f   s a i d   p a i r   of  c o n t a c t o r   c o n d u c t o r s   has   t h e   c o n t a c t s  

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

a b l y   so  as  to   f o r m   a  r o t a r y   c o n t a c t o r   ( 2 ) ;   t h e   o t h e r   j 

c o n t a c t o r   c o n d u c t o r   (6a  or   6b)  has   t h e   c o n t a c t s   (7a ,   7 b )  

f a s t e n e d   t h e r e t o   w h i c h   o p p o s e   s a i d   c o n t a c t s   (5a ,   5 b )  

t u r n i n g   w i t h   s a i d   r o t a r y   c o n t a c t o r   ( 2 ) ,   and  f o r m s   a  

s t a t i o n a r y   c o n t a c t o r   (6a  or  6 b ) ;   and  an  i n s u l a t i n g  

m a t e r i a l   ( 1 2 a ,  1 2 b ,   13a ,   13b)  i s   d i s p o s e d   on  a t   l e a s t  

one   of   o p p o s i n g   c o n d u c t o r   s u r f a c e s   of  s a i d   r o t a r y   c o n -  

t a c t o r   (2)  and  s a i d   s t a t i o n a r y   c o n t a c t o r   (6a  or   6 b ) .  

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

p a i r   of  c o n t a c t o r   c o n d u c t o r s   (2,  6a,  6b)  a r e   c o n n e c t e d  

w i t h   e a c h   o t h e r   by  an  e x t e r n a l   r e s i s t o r   ( 1 5 ) .  

4.  A  c u r r e n t   l i m i t e r   a c c o r d i n g   to   c l a i m   1,  w h e r e i n   s a i d  

p a i r   of  c o n t a c t o r   c o n d u c t o r s   (22,   26)  have   t h e   c o n t a c t s  

(25,   27)  a t   t h e i r   one  e n d s ,   one  of  s a i d   c o n t a c t o r   c o n -  

d u c t o r s   (22)  h a s   i t s   o t h e r   end  s u p p o r t e d   r o t a t a b l y   so  as 

to   f o r m   a  m o v a b l e   c o n t a c t o r   ( 2 2 ) ,   t he   o t h e r   c o n t a c t o r  



c o n d u c t o r   (26)  f o r m i n g   a  s t a t i o n a r y   c o n t a c t o r   ( 2 6 ) ,   a n d  

an  i n s u l a t i n g   m a t e r i a l   ( 3 5 a ,   35b)  i s   d i s p o s e d   on  a t   l e a s t  

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

t a c t o r   (22)  and  s a i d   s t a t i o n a r y   c o n t a c t o r   ( 2 6 ) .  

5.  A  c u r r e n t   l i m i t e r   a c c o r d i n g   to   c l a i m   4,  w h e r e i n   s a i d  

p a i r . o f   c o n t a c t o r   c o n d u c t o r s   (22,   26)  a r e   c o n n e c t e d   w i t h  

e a c h   o t h e r   by  an  e x t e r n a l   r e s i s t o r .  

6.  A  c u r r e n t   l i m i t e r   a c c o r d i n g   to   c l a i m   1,  w h e r e i n   e a c h  

of  s a i d   p a i r   of  c o n t a c t o r   c o n d u c t o r s   ( 22a ,   22b)  has   t h e  

c o n t a c t   ( 25a ,   25b)  a t   i t s   one  end  and  has   i t s   o t h e r   e n d  

s u p p o r t e d   t u r n a b l y ,   and  an  i n s u l a t i n g   m a t e r i a l   ( 35c ,   3 5 d )  

i s   d i s p o s e d   on  a t   l e a s t   one  of  o p p o s i n g   c o n d u c t o r   s u r -  

f a c e s   of  s a i d   c o n t a c t o r   c o n d u c t o r s   ( 22a ,   2 2 b ) .  

7.  A  c u r r e n t   l i m i t e r   a c c o r d i n g   to   c l a i m   6,  w h e r e i n   s a i d  

p a i r   of  c o n t a c t o r   c o n d u c t o r s   ( 22a ,   22b)  a r e   c o n n e c t e d  

w i t h   e a c h   o t h e r   b y  a n   e x t e r n a l   r e s i s t o r .  
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