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@  Lightning  arrester  device. 

A  lightning  arrester  device  comprises  a  spark  gap 
device  (3)  connected  in  parallel  to  a  part  of  serial  con- 
nection  of  non-linear  resistors  (1,2)  whereby  a  limiting 
voltage  characteristic  as  level  of  protection  can  be  reduced 
to  impart  long  life  of  the  lightning  arrester. 



B A C K G R O U N D   OF  THE  I N V E N T I O N :  

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

for  p o w e r   t r a n s m i s s i o n   s y s t e m   which   is  u sed   for  p r o t e c t i n g   a  p o w e r  

t r a n s m i s s i o n   l ine ,   e s p e c i a l l y   a  l i g h t n i n g   a r r e s t e r   dev i ce   u t i l i z i n g   n o n -  

l i n e a r   r e s i s t o r s .  

It  has  been  p r o p o s e d   to  p r o v i d e   a  l i g h t n i n g   a r r e s t e r   f o r  

p o w e r   t r a n s m i s s i o n   s y s t e m   which   has  no  s e r i a l   gap  and  which   is  a.  n o n -  

d y n a m i c   c u r r e n t   type  one  u t i l i z i n g   e x c e l l e n t   n o n - l i n e a r   r e s i s t i v e  

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

a  c o m p o s i t i o n   c o m p r i s i n g   a  m a i n   c o m p o n e n t   of  zinc  oxide  at  1200  t o  

1300°C  in  Un i t ed   S t a t e s   P a t e n t   N o .  3 ,   8 0 6 ,  7 6 5 .  

Such  l i g h t n i n g   a r r e s t e r   has  no  s e r i a l   gap  and  the  l i g h t n i n g  

a r r e s t e r   e l e m e n t   is  f o r m e d   only  by  the  n o n - l i n e a r   r e s i s t o r   w h e r e b y   a  

r e s p o n s e   to  l i g h t n i n g   vo l t age   a p p l i c a t i o n   can  be  p e r f o r m e d   wi thout   a n y  

d i s c h a r g e   de l ay .   On  the  c o n t r a r y ,   the  s y s t e m   vo l t age   (  AC  or  DC  s y s t e m  

v o l t a g e ) i s   c o n t i n u o u s l y   app l i ed   to  the  n o n - l i n e a r   r e s i s t o r .  



When  a  l eve l   of  p r o t e c t i o n   of  the  l i g h t n i n g   a r r e s t e r   ( l i m i t i n g   v o l t a g e  

c h a r a c t e r i s t i c ) i s   r e d u c e d ,   a  c u r r e n t   p a s s i n g   in  the  n o r m a l   s ta te   i s  

i n c r e a s e d   to  s h o r t e n   the  life  of  the  l i g h t n i n g   a r r e s t e r .   T h e r e f o r e ,  

the  l eve l   of  p r o t e c t i o n   could  d i s a d v a n t a g e o u s l y   n o t   be  r e d u c e d   b e l o w  

a  s p e c i f i c   v a l u e .  

S U M M A R Y   OF  THE  I N V E N T I O N :  

It  is  an  ob jec t   of  the  p r e s e n t   i n v e n t i o n   to  o v e r c o m e   t h e  

a b o v e - m e n t i o n e d   d i s a d v a n t a g e .  

It  is  a n o t h e r   objec t   of  the  p r e s e n t   i n v e n t i o n   to  p r o v i d e   a  

l i g h t n i n g   a r r e s t e r   d e v i c e   which   has   a  l eve l   of  p r o t e c t i o n   l o w e r   than  t h e  

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

a r r e s t e r ,   even   though   the   s t r u c t u r e   is  s i m p l e .  

B R I E F   D E S C R I P T I O N   OF  THE  D R A W I N G S :  

F i g u r e   1  is  an  e q u i v a l e n t   c i r c u i t   d i a g r a m   of  the  l i g h t n i n g  

a r r e s t e r   d e v i c e   of  the  p r e s e n t   i n v e n t i o n ;  

F i g u r e   2  is  a  s c h e m a t i c   view  of  the  s t r u c t u r e   of  the  l i g h t -  

ning  a r r e s t e r   d e v i c e   of  the  p r e s e n t   i n v e n t i o n ;  

F i g u r e   3  is  a  l i m i t i n g   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   d i a -  

g r a m   for  i l l u s t r a t i n g   the  o p e r a t i o n   of  the  l i g h t n i n g   a r r e s t e r   of  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  is  a  s e c t i o n a l   view  of  one  e m b o d i m e n t   of  a  s p a r k  

gap  dev i ce   u sed   in  the  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   5  is  a  p a r t i a l l y   s e c t i o n a l   view  of  one  e m b o d i m e n t   o f  

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

m i s s i o n   cable   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 .  

In  the  d r a w i n g s . t h e   s a m e   r e f e r e n c e s   d e s i g n a t e   i n d e n t i c a l   or  c o r r e s -  

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



D E S C R I P T I O N   OF  THE  P R E F E R R E D   E M B O D I M E N T S :  

F i g u r e   1  shows   an  e q u i v a l e n t   c i r c u i t   d i a g r a m   of  the  l i g h t -  

ning  a r r e s t e r   dev i ce   of  the  p r e s e n t   i n v e n t i o n   and  F i g u r e   2  shows   a  

s c h e m a t i c   view  of  the  s t r u c t u r e   t h e r e o f .   As  shown  in  the  d r a w i n g s ,   t h e  

l i g h t n i n g   a r r e s t e r   dev i ce   of  the  p r e s e n t   i n v e n t i o n   c o m p r i s e s   a  s e r i a l  

c o n n e c t i o n   of  a  f i r s t   n o n - l i n e a r   r e s i s t o r   (1)  and  a  s e c o n d   n o n - l i n e a r  

r e s i s t o r   (2)  which   are   r e s p e c t i v e l y   p r e p a r e d   by  s i n t e r i n g   a  c o m p o s i -  

tion  of  a  m a i n   c o m p o n e n t   of  zinc  oxide  at  high  t e m p e r a t u r e   and  w h i c h  

have  e x c e l l e n t   n o n - l i n e a r   r e s i s t i v e   c h a r a c t e r i s t i c s   and  a  s p a r k   g a p  

dev ice   (3)  c o n n e c t e d   in  p a r a l l e l   to  the  s e c o n d   n o n - l i n e a r   r e s i s t o r   (2) .  

The  f i r s t   n o n - l i n e a r   r e s i s t o r   (1)  has  a  s t r u c t u r e   of  p i l e d   up  d i s c   e l e -  

m e n t s   and  the  s e c o n d   n o n - l i n e a r   r e s i s t o r   (2)  has  a  c y r i n d r i c a l   s t r u c -  

tu re   as  shown  in  F i g u r e   4.  The  s p a r k   gap  d e v i c e   (3)  is   f o r m e d   by  c u p  

s h a p e d   m e t a l   p l a t e s   which   are  d i s p o s e d   i n s ide   of  the  c y l i n d r i c a l   n o n -  

l i n e a r   r e s i s t o r   (2).  That  is,  the  f l a n g e s   of  the  m e t a l   p l a t e s   of  t h e  .  

d i s c h a r g e   gap  dev i ce   (3)  is  held  by  the  n o n - l i n e a r   r e s i s t o r   (2 ) .  

The  o p e r a t i o n   of  the  l i g h t n i n g   a r r e s t e r   dev i ce   of  the  p r e s e n t  

i n v e n t i o n   will  be  i l l u s t r a t e d   r e f e r r i n g   to  the  l i m i t i n g   vo l t age   c u r r e n t  

c h a r a c t e r i s t i c   d i a g r a m .  

In  the  e m b o d i m e n t   of  F i g u r e   1,  the  l i m i t i n g   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   c u r v e s   in  the  case   of  no  c o n n e c t i o n   of  the  s p a r k   g a p  

dev i ce   (3)  are   given  by  F i g u r e   3  (A),  (B),  w h e r e i n   the  l i g h t n i n g   v o l -  

tage  ( c o r r e s p o n d i n g   to  l eve l   of  p r o t e c t i o n )   to  n o m i n a l   s p a r k   c u r r e n t  

i2  is  given  by  v3'  On  the  c o n t r a r y ,   in  the  d e v i c e   of  the  p r e s e n t   i n v e n -  

t ion ,   when   the  t e r m i n a l   v o l t a g e   of  the  s e c o n d   n o n - l i n e a r   r e s i s t o r   (2) 

r e a c h e s   to  a  p r e d e t e r m i n e d   va lue ,   the  s p a r k   is  f o r m e d   in  the  s p a r k  

gap  of  the  s p a r k   gap  dev ice   (3)  to  form  a  s h o r t - c i r c u i t   w h e r e b y   t h e  

l e v e l   of  p r o t e c t i o n   can  be  r e d u c e d   to  v2  in  F i g u r e   3 .  



In  F i g u r e   3,  the  c h a r a c t e r i s t i c   c u r v e s   (C),  (D)  show  c h a r a -  

c t e r i s t i c s   of  the  n o n - l i n e a r   r e s i s t o r   (1 ) .  

The  s p a r k   gap  dev ice   (3)  is  set  to  c r e a t e   a  s p a r k   when  t h e  

c u r r e n t   il  in  the  r e g i o n   of  v2@v1  is  p a s s e d   w h e r e b y   the  l i m i t i n g  

v o l t a g e   c h a r a c t e r i s t i c   of  the  e m b o d i m e n t   of  F i g u r e   1  is  g iven  as  t h e  

f u l l   l i ne s   (A),  (D)  in  F i g u r e   3,  to  give  the  l eve l   of  p r o t e c t i o n   to  v 2 .  

The  s p a r k   in  the  s p a r k   gap  d e v i c e   (3)  is  s t o p p e d   by  d i m i n i s h -  

ing  the  l i g h t n i n g   v o l t a g e   w h i c h   r e l e a s e s   t he   s p a r k   gap  d e v i c e   ( 3 ) .  

In  a c c o r d a n c e   with  the  s t r u c t u r e   of  the  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 ,   the  l i m i t i n g   v o l t a g e   c h a r a c t e r i s t i c   of  F i g u r e   3(A)  i s  

given  in  the  c o n d i t i o n   a p p l y i n g   the  n o r m a l   v o l t a g e   to  g r o u n d   v0  to  t h e  

l i g h t n i n g   a r r e s t e r   w h e r e b y   the  a b o v e - m e n t i o n e d   low  l eve l   of  p r o t e c t i o n  

v2  can  be  given  wi thou t   i n c r e a s i n g   the  c u r r e n t   p a s s i n g   in  the  n o r m a l  

s t a t e .   The  s p a r k   gap  d e v i c e   is  d i s p o s e d   i n s ide   of  the  c y r i n d r i c a l   n o n -  

l i n e a r   r e s i s t o r   w h e r e b y   an  a d d i t i o n a l   space   for  the  s p a r k   gap  dev i ce   i s  

not  r e q u i r e d   a d v a n t a g e o u s l y .  

As  shown  in  F i g u r e   5,  the  long  t r u n k   i n s u l a t o r   (6)  is  f o r m e d  

in  a  ho l low  shape   and  the  l i g h t n i n g   a r r e s t e r   of  the  d i sc   type  f i r s t   n o n -  

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

h a v i n g   a  s a m e   o u t e r   d i a m e t e r   are  held  in  the  ho l low  i n s u l a t o r   w h e r e b y  

the  l i g h t n i n g   a r r e s t e r   dev ice   which   can  be  used   as  s u p p o r t i n g   i n s u l a t o r  

for  p o w e r   t r a n s m i s s i o n   line  can  be   o b t a i n e d .  

,  In  said  s t r u c t u r e ,   a  d i a m e t e r   of  the  ho l low  pa r t   of  the  l o n g  

t r u n k   i n s u l a t o r   (6)  is  p r e f e r a b l y   m i n i m i z e d   f r o m   the  e c o n o m i c a l   v i e w -  

p o i n t .  

In  the  l i g h t n i n g   a r r e s t e r   dev i ce   of  the  p r e s e n t   i n v e n t i o n ,   t h e  

s p a r k   gap  d e v i c e   is  d i s p o s e d   ins ide   the  s e c o n d   n o n - l i n e a r   r e s i s t o r  

w h e r e b y   the  d i a m e t e r   of  the  hol low  pa r t   of  the  i n s u l a t o r   can  be  m i n i -  

m i z e d .  



In  the  e m b o d i m e n t   of  F i g u r e   5,  the  r e f e r e n c e   n u m e r a l   (7) 

d e s i g n a t e s   a  f l ange  ;   (8)  d e s i g n a t e s   a  m e t a l   c o v e r   which   is  d i s p o s e d   a t  

e a c h   end  of  the  i n s u l a t o r   (6)  to  f o r m   each   t e r m i n a l   which   is  e l e c t r i c a l l y  

c o n n e c t e d   to  e i t h e r   of  the  n o n - l i n e a r   r e s i s t o r   (11)  or  ( 1 2 )  ;  

(9)  d e s i g n a t e s   the  O - r i n g   for  a i r - t i g h t e n i n g  ;   (10)  d e s i g n a t e s   a  c e m e n t  

for  bond ing   the  i n s u l a t o r   (6)  to  the  f lange  (7)  in  one  b o d y .  

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

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

l eve l   of  p r o t e c t i o n   wi thou t   s h o r t e n i n g   the  life  of  the  l i g h n i n g   a r r e s t e r .  

When  the  l eve l   of  p r o t e c t i o n   is  the  s a m e ,   the  n u m b e r   o f  

n o n - l i n e a r   r e s i s t o r s   to  the  n o r m a l   vo l t age   can  be  i n c r e a s e d   w h e r e b y   t h e  

duty  of  e ach   n o n - l i n e a r   r e s i s t o r   of  the  l i g h t n i n g   a r r e s t e r   d e v i c e   in  t h e  

n o r m a l   o p e r a t i o n   can  be  r e d u c e d   to  p r o l o n g   the  life  of  the  l i g h t n i n g  

a r r e s t e r .  

In  the  s t r u c t u r e ,   the  s p a r k   gap  dev ice   is  d i s p o s e d   in  the  n o n -  

l i n e a r   r e s i s t o r ,   w h e r e b y   a  s ize   of  a  c o n t a i n e r   ( u s u a l l y   an  i n s u l a t o r )  

can  be  s m a l l   when  the  l i g h t n i n g   a r r e s t e r   e l e m e n t s   a re   held  in  the  c o n -  

t a i n e r .   The  a d v a n t a g e s   of  the  p r e s e n t   i n v e n t i o n   a re   r e m a r k a b l e   i n  

p r a c t i c a l   u s e ,  



1)  A  l i g h t n i n g   a r r e s t e r   d e v i c e   w i t h   a  s e r i a l  

c o n n e c t i o n   of  a  f i r s t   n o n - l i n e a r   r e s i s t o r   and  a  s e c o n d   n o n -  

l i n e a r   r e s i s t o r   c h a r a c t e r i z e d   by  a  s p a r k   gap  d e v i c e   ( 3 )  

c o n n e c t e d   in  p a r a l l e l   to  a t   l e a s t   one  ( 2 ; 1 2 )   of  s a i d   n o n -  

l i n e a r   r e s i s t o r s   ( 1 , 2 ;   1 1 , 1 2 ) .  

2)  A  l i g h t n i n g   a r r e s t o r   d e v i c e   a c c o r d i n g   to  c l a i m   1 ,  

c h a r a c t e r i z e d   in  t h a t   t h e   n o n - l i n e a r   r e s i s t o r   ( 1 , 2 ; 1 1 , 1 2 )   i s  

made  of  a  s i n t e r e d   p r o d u c t   c o m p r i s i n g   a  ma in   c o m p o n e n t   o f  

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

3)  A  l i g h t n i n g   a r r e s t e r   d e v i c e   a c c o r d i n g   to  one  o f  

c l a i m s   1  or   2,  c h a r a c t e r i z e d   in  t h a t   t he   s e c o n d   n o n -  

l i n e a r   r e s i s t o r   ( 2 ; 1 2 )   i s   in  a  c y l i n d r i c a l   fo rm  and  s a i d  

s p a r k   gap  d e v i c e   (3)  i s   d i s p o s e d   i n s i d e   t h e   c y l i n d r i c a l  

n o n - l i n e a r   r e s i s t o r   ( 2 ) .  

4)  A  l i g h t n i n g   a r r e s t e r   d e v i c e   a c c o r d i n g   to  one  of   c l a i m s  

1  to  3,  c h a r a c t e r i z e d   in  t h a t   t h e   f i r s t   n o n - l i n e a r   r e s i s t o r  

( 1 ; 1 1 )   has   a  d i s c   form  and  t h e   s e c o n d   n o n - l i n e a r   r e s i s t o r  

( 2 ; 1 2 )   has   a  c y l i n d r i c a l   form  w i t h   t h e   same  o u t e r   d i a m e t e r .  

5)  A  l i g h t n i n g   a r r e s t e r   d e v i c e   a c c o r d i n g   to  one  of  c l a i m s  

1  to  4,  c h a r a c t e r i z e d   in  t h a t   t he   f i r s t   and  s e c o n d   n o n - l i n e a r  



r e s i s t o r s   ( 1 , 2 ; 1 1 , 1 2 )   and  s a i d   s p a r k   gap  d e v i c e   ( 3 )  

a r e   h e l d   in  an  i n s u l a t o r   ( 6 ) .  

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

5,  c h a r a c t e r i z e d   in  t h a t   e a c h   one  t e r m i n a l   (8)  c o n n e c t e d   t o  

t h e   n o n - l i n e a r   r e s i s t o r   ( 1 , 2 ; 1 1 , 1 2 )   is   d i s p o s e d   a t  

e a c h   end  of  s a i d   i n s u l a t o r   ( 6 ) .  
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