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A  puffer  type  gas  blast  circuit  breaker. 
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©  An  insulation  nozzle  (10)  for  the  puffer  type  gas  blast 
circuit  breaker  moves  together  with  a  movable  arcing  con- 
tact  (14).  A  downstream  divergent  section  of  the  insulation 
nozzle  (10)  includes  a  first  annular  triangular  groove  (34) 
and  a  second  annular  triangular  groove  (36).  The  first 
triangular  groove  (34)  is  disposed  downstream  to  a  interme- 
diate  throat  section  (32)  of  the  insulation  nozzle  (10).  The 
second  annular  triangular  groove  (36)  is  disposed  down- 
stream  to  the  first  annular  triangular  groove  (34)  and  so  di- 
mensioned  that  an  angle  (P2)  of  a  line  between  the  down- 
stream  edge  (40)  of  the  intermediate  throat  section  (32)  and 
downstream  ridge  (44)  of  the  second  annular  triangular 
groove  (36)  is  smaller  than  an  angle  (P,)  of  a  line  between 
the  downstream  edge  (40)  of  the  intermediate  throat  section 
(32)  and  the  downstream  ridge  (42)  of  the  first  annular 
triangular  groove  (34)  to  the  axis  of  the  insulation  nozzle 
(10),  whereby  part  of  compressed  blast  gas  is  directed  to  the 
visinity  of  the  front  end  portion  of  a  stationary  arcing  contact 
(12)  to  apply  a  dynamic  pressure  thereat  until  the  insulation 
nozzle  (10)  leaves  the  stationary  arcing  contact  (12)  to 
thereby  prevent  sudden  pressure  drops  of  the  compressed 
blast  gas  thereat  which  causes  an  electrical  breakdown  be- 
tween  the  arcing  contacts  (12,  14). 
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F i e l d   of  t he   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  an  i m p r o v e m e n t   o f  

an  i n s u l a t i o n   n o z z l e   f o r   a  p u f f e r   t y p e   gas   b l a s t   c i r c u i t  

b r e a k e r .  

B a c k g r o u n d   of  t he   I n v e n t i o n  

An  i n s u l a t i o n   n o z z l e   f o r   a  p u f f e r   t y p e   gas   b l a s t  

c i r c u i t   b r e a k e r   e s s e n t i a l l y   c o n s i s t s   of  t h r e e   s e c t i o n s ,  

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

m o v a b l e   a r c i n g   c o n t a c t   b e i n g   c o n n e c t   and  d i s c o n n e c t a b l e  

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

d i v e r g e n t   s e c t i o n   and  an  i n t e r m e d i a t e   t h r o a t   s e c t i o n .  

An  i n s u l a t i o n   n o z z l e   w i t h   a  l a r g e   d o w n s t r e a m  

d i v e r g e n t   a n g l e ,   in  o t h e r   w o r d s   a  l a r g e   v e r t e x   a n g l e   o f  

t h e   d o w n s t r e a m   d i v e r g e n t   s e c t i o n ,   f o r   e x a m p l e   600 ,   i s  

known  to  be  s u i t a b l e   f o r   t h e   c i r c u i t   b r e a k e r   of  a  l a r g e  

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

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

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

v o l t a g e   of  t he   c i r c u i t   b r e a k e r   i s   l i m i t e d ,   b e c a u s e   a  

s u d d e n   p r e s s u r e   d r o p   of  t h e   c o m p r e s s e d   b l a s t   gas   t a k e s  

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

i n s u l a t i o n   n o z z l e   due  to  a  s u d d e n   c h a n g e   of  t h e   s e c t i o n a l  

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

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

v o l t a g e   b e t w e e n   t he   c o n t a c t s ,   even   w i t h   a  c o n t i n u o u s  

i n c r e a s e   of  t h e   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   d u r i n g   t h e  

i n t e r r u p t i n g   o p e r a t i o n   so  t h a t   an  e l e c t r i c a l   b r e a k d o w n  

b e t w e e n   t he   c o n t a c t s   or  r e i g n i t i o n   s o m e t i m e s   o c c u r s .  

P a r t i c u l a r l y   t he   c i r c u i t   b r e a k e r   is  p u t   u n d e r   t he   m o s t  

s e v e r e   c o n d i t i o n   when  t h e   c i r c u i t   b r e a k e r   has   t o  

i n t e r r u p t   a  s m a l l   c a p a c i t i v e   c u r r e n t ,   b e c a u s e   a  m a x i m u m  

r e c o v e r y   v o l t a g e ,   two  or  more   t i m e s   l a r g e r   t h a n   t he   r a t e d  

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



at   a b o u t   0..5  c y c l e   a f t e r   the   i n i t i a t i o n   of  t h e  

i n t e r r u p t i n g   o p e r a t i o n   w h e r e   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   is   n o t   n e c e s s a r i l y   enough   to  w i t h s t a n t   t h e  

r e c o v e r y   v o l t a g e .  

An  i n s u l a t i o n   n o z z l e   w i t h   a  s m a l l   d o w n s t r e a m  

d i v e r g e n t   a n g l e ,   f o r   e x a m p l e   200 ,   is  a l s o   known  to  b e  

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

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

b e c a u s e   t he   h o t  g a s   g e n e r a t e d   by  an  a r c   b e t w e e n   t h e  

c o n t a c t s   is  s o m e t i m e s   i n e f f e c t i v e l y   e x h a u s t e d   t h o u g h   t h e  

i n s u l a t i o n   n o z z l e   so  t h a t   an  e l e c t r i c a l   b r e a k d w o n   b e t w e e n  

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

c u r r e n t   i n t e r r u p t i n g   o p e r a t i o n   of  the   c i r c u i t   b r e a k e r .  

U .S .   P a t e n t   3 , 8 1 6 , 6 8 4   is  fo r   i m p r o v i n g   a  l a r g e   f a u l t  

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

b l a s t   c i r c u i t   b r e a k e r   and  d i s c l o s e s   a  n o z z l e   a s s e m b l y  

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

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

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

d i a m e t r a l   c r o s s - s e c t i o n   of  t he   g r o o v e s   b e i n g  

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

d e f i n e d   by  t he   m e e t i n g   of  two  s u r f a c e s ,   d o w n h i l l   s u r f a c e  

and  u p h i l l   s u r f a c e ,   one  of  the   s u r f a c e s   b e i n g  

s u b s t a n t i a l l y   p e r p e n d i c u l a r   to  the   a x i s   of  t he   n o z z l e  

i t s e l f ,   and  h a v i n g   an  open   b a s e   f a c e d   t o w a r d s   t he   o u t l e t  

o r i f i c e   of  t he   n o z z l e ,   n a m e l y   d i r e c t e d   in  way  to  f a v o r  

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

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

owing   to  t he   s t r o n g   h e a t i n g   due  to  t he   e l e c t r i c   a r c ,  

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

the   q u e n c h i n g   gas   s t r e a m .   The  d i m e n s i o n s   of  t h e  

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

a n n u l a r   g r o o v e   d e c r e a s e   l i t t l e   b y  l i t t l e   f rom  the   f i r s t  

g r o o v e ,   i m m e d i a t e l y   d o w n s t r e a m   the   i n t e r m e d i a t e   t h r o a t  

s e c t i o n   to   t h e   l a s t   g r o o v e   c l o s e r   to  t he   n o z z l e   o u t l e t ,  

w i t h   t he   d i s t a n c e   b e t w e e n   a d j a c e n t   g r o o v e s   i n c r e a s i n g  



among  s u c c e s s i v e   g r o o v e s   in  t he   d i r e c t i o n   of  the   n o z z l e  

o u t l e t .  

EP  A p p l i c a t i o n   No.  8 4 1 0 9 8 0 1 . 5   f i l e d   A u g u s t   17,  1 9 8 4 ,  

f o r   "Gas  i n s u l a t e d   c i r c u i t   b r e a k e r "   a s s i g n e d   to  t h e  

a s s i g n e e   of  t h e   p r e s e n t   i n v e n t i o n   is   fo r   i m p r o v i n g   a  

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

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

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

i n t e r m e d i a t e   t h r o a t   s e c t i o n .   The  v e r t e x   a n g l e   and  t h e  

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

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

g r o o v e   to  t h e   v i s i n i t y   of  t he   f r o n t   end  p o r t i o n   of  t h e  

s t a t i o n a r y   a r c i n g   c o n t a c t   to  p r e v e n t   the   t r a n s i e n t  

d e c r e a s e   of  a  gas   p r e s s u r e   t h e r e a t   due  t o  t h e   s u d d e n  

c h a n g e s   of  t he   s e c t i o n a l   a r e a ,   w h i c h   c a u s e s   an  e l e t r i c a l  

b r e a k d o w n   b e t w e e n   c o n t a c t s ,   even   w i t h   t he   c o n t i n u o u s  

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

c u r r e n t   i n t e r r u p t i n g   o p e r a t i o n .  

Summary  of  t h e   I n v e n t i o n  

An  o b j e c t   of  t he   p r e s e n t   i n v e n t i o n   is   to  p r o v i d e   a  

p u f f e r   t y p e   gas   b l a s t   b r e a k e r   h a v i n g   an  i n s u l a t i o n   n o z z l e  

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

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

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

c i r c u i t   b r e a k e r   d u r i n g   t h e   c u r r e n t   i n t e r r u p t i n g   o p e r a t i o n  

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

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

c i r c u i t   b r e a k e r   is   i m p r o v e d .  

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

p r o v i d e   an  i n s u l a t i o n   n o z z l e   f o r   a  p u f f e r   t y p e   gas   b l a s t  

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

p r e s s u r e   a t   t h e   v i s i n i t y   of  t he   f r o n t   end  of  t h e  

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



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

c u r r e n t   i n t e r r u p t i n g   o p e r a t i o n .  

A  p u f f e r   t y p e   gas   b l a s t   c i r c u i t   b r e a k e r   of  t h e  

p r e s e n t   i n v e n t i o n   c o m p r i s e s   a  s t a t i o n a r y   a r c i n g   c o n t a c t ,  

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

t h e   s t a t i o n a r y   a r c i n g   c o n t a c t ,   and  an  i n s u l a t i o n   n o z z l e  

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

t he   m o v a b l e   c o n t a c t   so  as  to  g u i d e   a  c o m p r e s s e d   g a s  
b e t w e e n   t h e   a r c i n g   c o n t a c t s .   The  i n s u l a t i o n   n o z z l e   i s  

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

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

and  an  i n t e r m e d i a t e   t h r o a t   s e c t i o n .   The  d o w n s t r e a m  

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

g r o o v e   and  a  s e c o n d   a n n u l a r   t r i a n g u l a r   g r o o v e .   The  f i r s t  

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

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

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

a n n u l a r   t r i a n g u l a r   g r o o v e   and  so  d i m e n s i o n e d   t h a t   a n  

a n g l e   of  a  l i n e   b e t w e e n   the   d o w n s t r e a m   edge  of  t h e  

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

the   s e c o n d   a n n u l a r   t r i a n g u l a r   g r o o v e   to  t he   a x i s   of  t h e  

i n s u l a t i o n   n o z z l e   is   s m a l l e r   t h a n   t h a t   of  a  l i n e   b e t w e e n  

t he   d o w n s t r e a m   edge   of  t he   i n t e r m e d i a t e   t h r o a t   s e c t i o n  

and  t he   d o w n s t r e a m   r i d g e   of  t he   f i r s t   a n n u l a r   t r i a n g u l a r  

g r o o v e   to  t he   a x i s   of  t h e   i n s u l a t i o n   n o z z l e   w h e r e b y   a  

p a r t   of  t he   c o m p r e s s e d   b l a s t   gas   is  d i r e c t e d   to   t h e  

v i s i n i t y   of  t he   f r o n t   end  p o r t i o n ,   p a r t i c u l a r l y   3 0 0 - 7 0 0  

p o s i t i o n   f rom  t he   t o p ,   of  t he   s t a t i o n a r y   a r c i n g   c o n t a c t ,  

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

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

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

w o r d s   u n t i l   t h e   i n s u l a t i o n   n o z z l e   l e a v e s   t he   s t a t i o n a r y  

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

of  t he   b l a s t   gas   p r e s s u r e   t h e r e a t   wh ich   may  c a u s e   a n  

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



B r i e f   D i s c r i p t i o n   of  t h e   D r a w i n g s  

F i g .   1  is   an  e s s e n t i a l   p a r t   c r o s s - s e c t i o n a l   v i e w  

i l l u s t r a t i n g   one  e m b o d i m e n t   of  t he   p u f f e r   t y p e   gas   b l a s t  

c i r c u i t   b r e a k e r   of  t he   p r e s e n t   i n v e n t i o n   in  one  c o n t a c t  

o p e n n i n g   s t r o k e .  

F i g .   2  is   t h e   same  e s s e n t i a l   p a r t   c r o s s - s e c t i o n a l  

v i e w   as  F i g .   1,  b u t   in  a n o t h e r   c o n t a c t   o p e n i n g   s t r o k e .  

F i g .   3  is   an  e n l a r g e d   c r o s s - s e c t i o n a l   v i ew  of  a  p a r t  

of  t h e   i n s u l a t i o n   n o z z l e   i l l u s t r a t e d   in  F i g s .   1  a n d   2 .  

F i g .   4  i s   a  g r a p h   i l l u s t r a t i n g   e l e c t r i c   f i e l d  

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

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

a r c i n g   c o n t a c t   shown  in  F i g .   2 .  

P r e f e r r e d   E m b o d i m e n t   of  t he   I n v e n t i o n  

R e f e r r i n g   now  to  F i g s .   1  and  2,  F i g .   1  s h o w s   o n e  

s t r o k e   d u r i n g   c i r c u i t   i n t e r r u p t i n g   o e p r a t i o n   and  F i g .   2 

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

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

b e t w e e n   a  s t a t i o n a r y   a r c i n g   c o n t a n t   12  and  a  m o v a b l e  

a r c i n g   c o n t a c t   14  is   f u r t h e r   t h a n   t h a t   shown  in  F i g .   1 .  

The  m o v a b l e   a r c i n g   c o n t a c t   14  is  s u p p o r t e d   by  a  s h a f t   2 2  

of  a  p u f f e r   c y l i n d e r   16  w i t h   w h i c h   a  s t a t i o n a r y   p u f f e r  

p i s t o n   20  f o r m s   a  p u f f e r   c h a m b e r   18,  and  w e h r e i n   a  

c o m p r e s s e d   gas   is  g e n e r a t e d   t h r o u g h   t he   m o v e m e n t   of  t h e  

p u f f e r   c y l i n d e r   16  by  an  o p e r a t i n g   d e v i c e   (no t   s h o w n )  

m e c h a n i c a l l y   c o u p l e d   to   t h e   c y l i n d e r   s h a f t   22.  An 

i n s u l a t i o n   n o z z l e   10  made  of  T e t r a f l u o r o e t h y l e n e  

f l u o r o c a r b o n   p o l y m e r   is   f i x e d   to  an  end  of  t he   p u f f e r  

c y l i n d e r   16  by  a  h o l d e r   30.  A  f l o w   g u i d e   26  is  p r o v i d e d  

a r o u n d   t h e   m o v a b l e   a r c i n g  c o n t a c t   14.  The  c o m p r e s s e d   g a s  

g e n e r a t e d   in  t h e   p u f f e r   c h a m b e r   18  is   i n t r o d u c e d   t h r o u g h  

b o r e s   28  in  t h e   p u f f e r   c y l i n d e r   16   i n t o   a  p a s s a g e   f o r m e d  

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

i n s u l a t i o n   n o z z l e   10  and  t he   f l o w   g u i d e   6  as  shown  b y  

a r r o w s .  



When  t he   o p e r a t i n g   d e v i c e   r e c e i v e s   a  c i r c u i t  

i n t e r r u p t i o n   i n s t r u c t i o n ,   t he   d e v i c e   moves  t he   p u f f e r  

c y l i n d e r   16  to  t h e   l e f t   in  t he   d r a w i n g .   As  a  r e s u l t ,   a n  

a r c   e x t i n g u i s h i n g   g a s ,   p r e f e r a b l y   SF6  g a s ,   in  t he   p u f f e r  

c h a m b e r   18  b e g i n s   to  be  c o m p r e s s e d   and  the   c o n t a c t  

o p e n i n g   o p e r a t i o n   s t a r t s ,   b e f o r e   the   i n t e r m e d i a t e   t h r o a t  

s e c t i o n   of  t h e   i n s u l a t i o n   n o z z l e   10  p a s s e s   t h r o u g h   t h e  

f r o n t   end  of  t he   s t a t i o n a r y   a r c i n g   c o n t a c t   12,  t h e  

g r e a t e r   p a r t   of  t he   c o m p r e s s e d   gas   in  t he   p u f f e r   c h a m b e r  

18  f l o w s   t h r o u g h   a  c e n t e r   b o r e   of  t he   m o v a b l e   a r c i n g  

c o n t a c t   14  and  a  b o r e   24  f o r m e d   in  t he   c y l i n d e r   s h a f t   22 

as  shown  by  a r r o w s .  

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

as  shown  in  F i g .   1,  in  t h a t ,   a  f i r s t   a n n u l a r   t r i a n g u l a r  

g r o o v e   34  f o r m e d   on  t h e   w a l l   of  t he   d o w n s t r e a m   o u t l e t  

d i v e r g e n t   s e c t i o n   of  t he   i n s u l a t i o n   n o z z l e   10  comes  t o  

t h e   f r o n t   end  of  t he   s t a t i o n a r y   a r c i n g   c o n t a c t   12,  t h e  

g r e a t e r   p a r t   of  t h e   c o m p r e s s e d   gas  f l o w s   t h r o u g h   t h e  

i n t e r m e d i a t e   t h r o a t   s e c t i o n   32  as  shown  by  a r r o w s   and  a  

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

g r o o v e   34  to   f l o w   to  t he   f r o n t   end  of  t he   s t a t i o n a r y  

a r c i n g   c o n t a c t   12,   p a r t i c u l a r l y   3 0 ° - 7 0 °   p o s i t i o n   f rom  t h e  

t op   t h e r e o f ,   w h e r e i n   t he   s u d d e n   gas   p r e s s u r e   d r o p   and  t h e  

i n t e n s e   e l e c t r i c   f i e l d   a r e   t a k i n g   p l a c e .  

When  t h e   c i r c u i t   o p e n n i n g   o p e r a t i o n   f u r t h e r   m o r e  

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

t r i a n g u l a r   g r o o v e   36  f o r m e d   d o w n s t r e a m   the   f i r s t   a n n u l a r  

t r i a n g u l a r   g r o o v e   34  of  t he   i n s u l a t i o n   n o z z l e   10  comes  t o  

t he   f r o n t   end  of  t he   s t a t i o n a r y   a r c i n g   c o n t a c t   12,  a  

f u r t h e r   gas   f l o w   is   c a u s e d   by  the   s e c o n d   a n n u l a r  

t r i a n g u l a r   g r o o v e   36  w h i c h   d i r e c t s   to  the   f r o n t   end  o f  

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

p r e s s u r e   t h e r e t o   to  p r e v e n t   t h e   s u d d e n   p r e s s u r e   d r o p s .  

The  same  is  t r u e   w i t h   a  t h i r d   a n n u l a r   t r i a n g u l a r  

g r o o v e   38  d i s p o s e d   d o w n s t r e a m   the   s e c o n d   a n n u l a r  

t r i a n g u l a r   g r o o v e   36.  S i n c e   the   t h r e e   a n n u l a r   t r i a n g u l a r  

g r o o v e s   34,   36,  and  38  a r e   d i s p o s e d   o v e r   t h e  



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

d i v e r g e n t   s e c t i o n   of  t he   i n s u l a t i o n   n o z z l e   10,  t h e   s u d d e n  

p r e s s u r e   d r o p s   a t   t h e   v i s i n i t y   of  t he   f r o n t   end  of  t h e  

s t a t i o n a r y   a r c i n g   c o n t a c t   12  a r e   p r e v e n t e d   u n t i l   t h e  

i n s u l a t i o n   n o z z l e   10  has   p a s s e d   t h r o u g h   t he   s t a t i o n a r y  

a r c i n g   c o n t a c t   12  when  t h e   d i s t a n c e   b e t w e e n   t he   m o v a b l e  

a r c i n g   c o n t a c t   14  and  t h e  s t a t i o n a r y   a r c i n g   c o n t a c t   12  i s  

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

c o n t a c t s   and  t h u s   to   p r e v e n t   an  e l e c t r i c a l   b r e a k d o w n  

t h e r e b e t w e e n .  

Now  t h e   d i m e n s i o n   of  t he   f i r s t ,   s e c o n d   and  t h i r d  

a n n u l a r   t r i a n g u l a r   g r o o v e s   34,  36  and  38  in  t h e  

d o w n s t r e a m   d i v e r g e n t   s e c t i o n   of  t he   i n s u l a t i o n   n o z z l e   10 

is   e x p l a i n e d   w i t h   r e f e r e n c e   to  F i g .   3 .  

An  a n g l e   P l ,   f o r   e x a m p l e   150 ,   w h i c h   is   f o r m e d   by  a  

l i n e   b e t w e e n   a  d w o n s t r e a m   edge   40  of  t he   i n t e r m e d i a t e  

t h r o a t   s e c t i o n   32  and  a  d o w n s t r e a m   r i d g e   42  of  t he   f i r s t  

a n n u l a r   t r i a n g u l a r   g r o o v e   34  to   a  l i n e   p a r a l l e l   to  t h e  

a x i s   of  t he   i n s u l a t i o n   n o z z l e   10  is  s e l e c t e d   to  be  l a r g e r  

t h a n   an  a n g l e   P2,   f o r   e x a m p l e   100 ,   w h i c h   is  f o r m e d   by  a  

l i n e   b e t w e e n   t he   d o w n s t r e a m   edge   40  and  a  d o w n s t r e a m  

r i d g e   44  of  t he   s e c o n d   a n n u l a r   t r i a n g u l a r   g r o o v e   36  t o  

t h e   l i n e   p a r a l l e l   to   t h e   a x i s   of  t he   i n s u l a t i o n   n o z z l e  

10,  f u r t h e r   t h e   a n g l e   P2  i s   s e l e c t e d   to  be  l a r g e r   t h a n   a n  

a n g l e   P3,   f o r   e x a m p l e   7 . 5 0 ,   w h i c h   is   f o r m e d   by  a  l i n e  

b e t w e e n   t he   d o w n s t r e m   edge   40  and  a  d o w n s t r e a m   r i d g e   46 

of  t he   t h i r d   a n n u l a r   t r i a n g u l a r   g r o o v e   38  to   t h e   l i n e  

p a r a l l e l   to  t he   a x i s   of  t h e   i n s u l a t i o n   n o z z l e   1 0 .  

A n g l e s  @   1,  a n d  e   2  in  F i g .   3  r e l a t e s   to  a  

g e n e r a t i o n   of  w h i r l s   of  t h e   b l a s t   g a s ,   w h i c h   has   to  b e  

p r e v e n t e d ,   in  a  gas   s t r e a m s   in  t he   d o w n s t r e a m   d i v e r g e n t  

s e c t i o n   of  t h e   i n s u l a t i o n   n o z z l e   1 0 .  

The  a n g l e  e   1  i s   d e f i n e d   by  l i n e s   b e t w e e n   r e s p e c t i v e  

u p s t r e a m   r i d g e s   40,  42  and  44  to  t he   r e s p e c t i v e   b o t t o m s  

48,  50  and  52  of  t he   f i r s t ,   s e c o n d   and  t h i r d   a n n u l a r  

t r i a n g u l a r   g r o o v e s   34,  36  and  38  to   t he   a x i s   of  t h e  

i n s u l a t i o n   n o z z l e   10,  in  o t h e r   w o r d s ,   by  d o w n h i l l  



s u r f a c e s   of  t he   f i r s t ,   s e c o n d   and  t h i r d   a n n u l a r  

t r i a n g u l a r   g r o o v e s   34,  36  and  38  to  t he   a x i s   of  t h e  

i n s u l a t i o n   n o z z l e   10  and  in  the   p r e s e n t   e m b o d i m e n t   i s  

s e l e c t e d   to  be ,   f o r   e x a m p l e   4 3 0 .  

The  a n g l e  e   2  is  d e f i n e d   by  l i n e s   b e t w e e n   r e s p e c t i v e  

b o t t o m s   40,   42  and  44  to  t he   r e s p e c t i v e   d o w n s t r e a m   r i d g e s  

42,  44  and  46  of  t he   f i r s t ,   s e c o n d   and  t h i r d   a n n u l a r  

t r i a n g u l a r   g r o o v e s   34,  36  and  38  to  t he   a x i s   of  t h e  

i n s u l a t i o n   n o z z l e   10,  in  o t h e r   w o r d s ,   by  u p h i l l   s u r f a c e s  

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

34,  36  and  38  to  t he   a x i s   of  the   i n s u l a t i o n   n o z z l e   10  a n d  

in  t he   p r e s e n t   e m b o d i m e n t   is   s e l e c t d   to  be ,   f o r   e x a m p l e  

2 8 0 .  

F i g .   4  shows  e f f e c t s   of  t he   i n s u l a t i o n   n o z z l e   a s  

e x p l a i n e d   w i t h   r e f e r e n c e   to  F i g s .   1,  2  and  3 .  

C u r v e   60  shows  d i e l e c t r i c   w i t h s t a n d   v o l t a g e s   of  t h e  

p r e s e n t   i n v e n t i o n   at   r e s p e c t i v e   f r o n t   p o i n t s   of  t h e  

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

as  e x p l a i n e d   a b o v e   is  e m p l o y e d ,   in  t h a t ,   P 1 >   P 2 >   P 3 .  
The  l o c a t i o n   of  t he   i n s u l a t i o n   n o z z l e   w i t h   r e s p e c t   to   t h e  

s t a t i o n a r y   a r c i n g   c o n t a c t   is  as  shown  in  F i g .   2,  in  t h a t ,  

t he   d i s t a n c e   b e t w e e n   t he   s t a t i o n a r y   a r c i n g   c o n t a c t   a n d  

the   m o v a b l e   a r c i n g   c o n t a c t   is  a b o u t   80mm. 

C u r v e   62  shows  d i e l e c t r i c   w i t h s t a n d   v o l t a g e s   of  a  

c o m p a r a t i v e   c i r c u i t   b r e a k e r   at   r e s p e c t i v e   f r o n t   p o i n t s   o f  

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

n o z z l e   w i t h   a n g l e s   P 1  <   P2  <   P3  is  e m p l o y e d   and  t h e  

l o c a t i o n   of  t he   i n s u l a t i o n   n o z z l e   w i t h   r e s p e c t   to  t h e  

s t a t i o n a r y   a r c i n g   c o n t a c t   is  as  same  as  t he   c a s e   of  c u r v e  

6 0 .  

C u r v e   64  shows   gas   p r e s s u r e s   of  t h e   p r e s e n t  
i n v e n t i o n   a t   r e s p e c t i v e   f r o n t   p o i n t s   of  t h e   s t a t i o n a r y  

a r c i n g   c o n t a c t   w h e r e i n   t he   c o n d i t i o n s   a r e   as  same  a s  

e x p l a i n e d   in  c o n n e c t i o n   w i t h   t he   c u r v e   6 0 .  

C u r v e   66  shows  gas   p r e s s u r e s   of  the   c o m p a r a t i v e  

c i r c u i t   b r e a k e r   at  r e s p e c t i v e   f r o n t   p o i n t s   of  t h e  

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

same  as  e x p l a i n e d   in  c o n n e c t i o n   w i t h   t h e - c u r v e   6 2 .  



C u r v e   68  shows  e l e c t r i c   f i e l d   s t r e n g t h s   of  t h e  

p r e s e n t   i n v e n t i o n   and  t h e   c o m p a r a t i v e   c i r c u i t   b r e a k e r   a t  

r e s p e c t i v e   f r o n t   p o i n t s   of  the   s t a t i o n a r y   a r c i n g  

c o n t a c t s .  

The  r e s p e c t i v e   p o i n t s   a t   f r o n t   end  of  t he   s t a t i o n a r y  

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

b o t t o m   of  F i g .   4 .  

As  w i l l   be  s e e n   f rom  F i g .   4,  t he   d i e l e c t r i c  

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

a r c i n g   c o n t a c t ,   p a r t i c u l a r l y   a t   the   p o i n t s   of  3 0 0 - 7 0 0  

p o s i t i o n   f rom  t h e   t op   of  t he   s t a t i o n a r y   a r c i n g   c o n t a c t  

a r e   g r e a t l y   i m p r o v e d ,   a c c o r d i n g l y ,   t he   s m a l l   c a p a c i t i v e  

c u r r e n t   i n t e r r u p t i n g   p r o p e r t y   as  w e l l   as  a  l a r g e   f a u l t  

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

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



1.  A  p u f f e r   t y p e   gas   b l a s t   c i r c u i t   b r e a k e r   c o m p r i s i n g :  

a  m o v a b l e   c y l i n d e r   (16)  w i t h   a  h o l l o w   c y l i n d e r   s h a f t  

( 2 2 ) ;  

a  s t a t i o n a r y   p i s t o n   (20)  c o u p l e d   w i t h   s a i d   m o v a b l e  

c y l i n d e r   (16)  so  as  to   g e n e r a t e   a  c o m p r e s s e d   gas   d u r i n g  

c i r c u i t   i n t e r r u p t i n g   o p e r a t i o n ;  

a  s t a t i o n a r y   a r c i n g   c o n t a c t   ( 1 2 ) ;  

a  m o v a b l e   a r c i n g   c o n t a c t   (14)  e n g a g e a b l e   a n d  

d i s e n g a g e a b l e   w i t h   s a i d   s t a t i o n a r y   a r c i n g   c o n t a c t   ( 1 2 )  

and  f i x e d   to  t he   h o l l o w   c y l i n d e r   s h a f t   (22)  of  s a i d  

m o v a b l e   c y l i n d e r   ( 1 6 ) ;   a n d  

an  i n s u l a t i o n   n o z z l e   (10)  f i x e d   to  s a i d   m o v a b l e  

c y l i n d e r   (16)  and  s u r r o u n d i n g   s a i d   m o v a b l e   a r c i n g   c o n t a c t  

(14)  so  as  to   g u i d e   t he   c o m p r e s s e d   gas   b e t w e e n   s a i d  

s t a t i o n a r y   and  m o v a b l e   a r c i n g   c o n t a c t s   (12,   1 4 ) ,   s a i d  

i n s u l a t i o n   n o z z l e   (10)  b e i n g   f o r m e d   of  an  u p s t r e a m  

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

c o n t a c t   ( 1 4 ) ,   a  d o w n s t r e a m   d i v e r g e n t   s e c t i o n   and  a n  

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

C h a r a c t e r i z e d   in  t h a t  :  

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

n o z z l e   (10)  i n c l u d i n g   a  f i r s t   a n n u l a r   t r i a n g u l a r   g r o o v e  

(34)  d i s p o s e d   d o w n s t r e a m   to  t he   i n t e r m e d i a t e   t h r o a t  

s e c t i o n   (32)  and  a  s e c o n d   a n n u l a r   t r i a n g u l a r   g r o o v e   ( 3 6 )  

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

g r o o v e   (34)  and  so  d i m e n s i o n e d   t h a t   an  a n g l e   (P2)  of  a  

l i n e   b e t w e e n   t h e   d o w n s t r e a m   edge   (40)  of  t he   i n t e r m e d i a t e  

t h r o a t   s e c t i o n   (32)  and  t h e   d o w n s t r e a m   r i d g e   (44)  of  s a i d  

s e c o n d   a n n u l a r   t r i a n g u l a r   g r o o v e   (36)  to  t he   a x i s   of  s a i d  

i n s u l a t i o n   n o z z l e   (10)  is   s m a l l e r   t h a n   t h a t   (Pl)   of  a  

l i n e  b e t w e e n   t he   d o w n s t r e a m   edge   (40)  of  t he   i n t e r m e d i a t e  

t h r o a t   s e c t i o n   (32)  and  t h e   d o w n s t r e a m   r i d g e   (42)  of  s a i d  

f i r s t   a n n u l a r   t r i a n g l e   g r o o v e   (34)  to  t he   a x i s   of  s a i d  

i n s u l a t i o n   n o z z l e   ( 1 0 ) .  



2.  A  p u f f e r   t y p e   gas   b l a s t   c i r c u i t   b e r e a k e r   a c c o r d i n g  

to  c l a i m   1  f u r t h e r   c h a r a c t e r i z e d   in  t h a t   the   d i v e r g e n t  
s e c t i o n   of  s a i d   i n s u l a t i o n   n o z z l e   (10)  i n c l u d i n g   a  t h i r d  

a n n u l a r   t r i a n g u l a r   g r o o v e   (38)  d i s p o s e d   d o w n s t r e a m   t o  

s a i d   s e c o n d   a n n u l a r   t r i a n g u l a r   g r o o v e   (36)  and  s o  

d i m e n s i o n e d   t h a t   an  a n g l e   (P3)  of  a  l i n e   b e t w e e n   t h e  

d o w n s t r e a m   edge   (40)  of  t he   i n t e r m e d i a t e   t h r o a t   s e c t i o n  

(32)  and  t he   d o w n s t r e a m   r i d g e   (46)  of  s a i d   t h i r d   a n n u l a r  

t r i a n g u l a r   g r o o v e   (38)  to   the   a x i s   of  s a i d   i n s u l a t i o n  

n o z z l e   (10)  is  s m a l l e r   t h a n  t h a t   (P2)  of  t he   l i n e   b e t w e e n  

t h e   d o w n s t r e a m   edge   (40)  of  t h e   i n t e r m e d i a t e   t h r o a t  

s e c t i o n   (32)  and  t h e   d o w n s t r e a m   r i d g e   (44)  of  s a i d   s e c o n d  

a n n u l a r   t r i a n g u l a r   g r o o v e   (36)  to  t he   a x i s   of  s a i d  

i n s u l a t i o n   n o z z l e   ( 1 0 ) .  

3.  A  p u f f e r   t y p e   gas   b l a s t   c i r c u i t   b r e a k e r   a c c o r d i n g   t o  

c l a i m s   1  or  2  f u r t h e r   c h a r a c t e r i z e d   in  t h a t   an  a n g l e  

( 8 1 )   of  t he   d o w n h i l l   s u r f a c e s   and  t h a t   (@ 2)  of  t h e  

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

t r i a n g u l a r   g r o o v e s   (34,   36,  38)  to  t he   a x i s   of  s a i d  

i n s u l a t i o n   n o z z l e   (10)  a r e   so  s e l e c t e d   as  no t   to   c a u s e  

w h i r l s   of  t he   b l a s t   gas   in  t he   d i v e r g e n t   s e c t i o n   d u r i n g  

c i r c u i t   i n t e r r u p t i n g   o p e r a t i o n .  

4.  A  p u f f e r   t y p e   gas   b l a s t   c i r c u i t   b r e a k e r   a c c o r d i n g   t o  

c l a i m s   1  or  2  f u r t h e r   c h a r a c t e r i z e d   in  t h a t   an  a n g l e  

(@ 1)  of  t h e   d o w n h i l l   s u r f a c e s   and  t h a t   ( 0  2 )   of  t h e  

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

t r i a n g u l a r   g r o o v e s   (34 ,   36,  38)  to  t he   a x i s   of  s a i d  

i n s u l a t i o n   n o z z l e   (10)  a r e   a b o u t   43°  and  2 8 0  

r e s p e c t i v e l y .  
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