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(54)  Operating  device  for  circuit  breakers. 
  Operating  device  for  circuit  breakers  comprising  an 
opening  spring  (1)  and  a  closing  spring(2),  which  preferably 
are  both  of  the  spirally  wound  flat  rod  or  ribbon  type  and 
exert  a  torsional  moment  on  each  one  of  two  shafts  (3,  4) 
which  are  aligned.  The  shaft  (3)  of  the  opening  spring  (1)  is 
connected  to  the  circuit  breaker  via  a  lever  (31).  The  closing 
spring  (2)  is  mounted  in  a  rotatable  cylinder  (21)  and  can  be 
tensioned  by  rotating  the  cylinder  (21)  by  means  of  a  motor 
(22).  The  shaft  (4)  of  the  closing  spring  (2)  is  kept  locked  by  a 
closing  latch  (8)  which  hooks  up  one  of  the  arms  of  a  star 
wheel  (6).  Closing  of  the  circuit  breaker  and  simultaneous 

tensioning  of  the  opening  spring  (1)  are  performed  by 
releasing  the  closing  latch  (8),  whereby  another  one  of  the 
arms  of  the  star  wheel  (6)  engages  a  carrier  latch  (53)  on  the 
shaft  (3)  of the  opening  spring  (1)  and  rotates  this  through  an 
angle  corresponding  to  one  step  on  the  star  wheel  (6).  The 
carrier  latch  (53)  is  thereafter  disengaged,  whereby  the  shaft 
(3)  of  the  opening  spring  (1)  is  hooked  up  on  an  opening  latch 
(7)  and  the  circuit  breaker  is  ready  for  an  opening  operation. 
Immediately  after  the  disengagement,  the  next  arm  of  the 
star  wheel  (6)  is  hooked  up  on  the  closing  latch  (8),  and  the 
motor(22)  is  able  to  tension  the  closing  spring  (2)  again. 



The  i n v e n t i o n   r e l a t e s   to   an  o p e r a t i n g   d e v i c e   f o r   c i r c u i t  

b r e a k e r s   a c c o r d i n g   to   t h e   p r e c h a r a c t e r i s i n g   p a r t   of  c l a i m   1 .  

The  o p e r a t i n g   d e v i c e   i s   p r i m a r i l y   i n t e n d e d   f o r   m e t a l - e n -  

c l o s e d   c i r c u i t   b r e a k e r s ,   i n s u l a t e d   w i t h   s u l p h u r h e x a f l u o r i d e  

(SF6)   g a s ,   b u t   i t   may  be  u s e d   f o r   o t h e r   t y p e s   of  c i r c u i t  

b r e a k e r s   as  w e l l .  

The  o p e n i n g   o p e r a t i o n   of  p u f f e r   t y p e   SF6  c i r c u i t   b r e a k e r s  

r e q u i r e s   c o n s i d e r a b l e   o p e r a t i n g   e n e r g y .   S i n c e ,   in   a d d i t i o n ,  

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

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

p o s s i b l e .   I t   i s   known  to  u s e   f o r   s u c h   o p e r a t i o n   p n e u m a t i c   o r  

h y d r a u l i c   o p e r a t i n g   d e v i c e s   w i t h   p r e s s u r i z e d   gas   as   e n e r g y  

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

c o m p r e s s o r s ,   pumps  and  o t h e r   a u x i l i a r y   e q u i p m e n t   a r e   r e l a -  

t i v e l y   e x p e n s i v e .   N o r m a l l y ,   t h e r e f o r e ,   m e c h a n i c a l   o p e r a t i n g  

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

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

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

( s e e   e . g .   G B - A - 1 , 2 7 3 , 0 1 4 ) .   S u c h   s p r i n g s   r e q u i r e   l a r g e   s p a c e  
in  r e l a t i o n   to   t he   e n e r g y   t h e y   c a n   s t o r e .   T h i s   m e a n s   t h a t   a n  

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

t h e   f l o o r   or  g r o u n d   s u r f a c e   r e q u i r e d   f o r   t h e   s y s t e m   c o n s i s t -  

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

p a r t i c u l a r l y   t r u e   of  SF6  c i r c u i t   b r e a k e r s   of  t h e   k i n d   e n c a p -  



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

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

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

a  c u b i c l e ,   i s   p l a c e d   a d j a c e n t   t h e   c i r c u i t   b r e a k e r .   A n o t h e r  

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

s p r i n g s   i s   t h a t   a  n o t - i n s i g n i f i c a n t   e n e r g y   l o s s   t a k e s   p l a c e  

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

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

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

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

b r e a k e r .   F u r t h e r m o r e ,   s u c h   o p e r a t i n g   d e v i c e s   m u s t   n o r m a l l y  

be  p r o v i d e d   w i t h   d a m p e r s   f o r   t a k i n g   up  t h e   r e m a i n i n g   k i n e t i c  

e n e r g y   on  r e a c h i n g   t he   end  p o s i t i o n s .  

O p e r a t i n g   d e v i c e s   w i t h   a  s p i r a l l y   wound  f l a t   rod   as   c l o s i n g  

s p r i n g   a r e   a l r e a d y   known  p e r   s e .   In  s u c h   a  d e v i c e   d e s c r i b e d  

i n   DE-B-1  064  598,   a  m e c h a n i s m   c o n s i s t i n g   of   a  cam  d i s c   a n d  

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

b e t w e e n   t h e   s p r i n g   and  t h e   c i r c u i t   b r e a k e r .   S u c h   a  d e s i g n  

r e q u i r e s   l a r g e   s p a c e .  

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

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

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

e s p e c i a l l y   s u i t a b l e   f o r   u s e   f o r   S F 6  c i r c u i t   b r e a k e r s   w i t h   a n  

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

To  a c h i e v e   t h i s   aim  t h e   i n v e n t i o n   s u g g e s t s   an  o p e r a t i n g   d e -  

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

o f   c l a i m   1,  w h i c h   i s   c h a r a c t e r i z e d   by  t h e   f e a t u r e s   of  t h e  

c h a r a c t e r i z i n g   p a r t   of  c l a i m   1 .  

F u r t h e r   d e v e l o p m e n t s   of  t h e   i n v e n t i o n   a r e   c h a r a c t e r i z e d   b y  

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



S i n c e   t h e   two  f o r c e - t r a n s m i t t i n g   s h a f t s   of  t h e   o p e r a t i n g   d e -  

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

e a c h   o t h e r   and  p r o v i d e d   w i t h   an  c o n n e c t i o n   m e c h a n i s m   of  t h e  

k i n d   s t a t e d   i n   c l a i m   1,  t h e   o p e r a t i n g   d e v i c e   can   a d v a n t a -  

g e o u s l y   be  p l a c e d   b e l o w   t h e   c i r c u i t   b r e a k e r ,   w h i c h   e l i m i -  

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

e r a t i n g   d e v i c e .  

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

a c t e r i z e d   in   t h a t   b o t h   t h e   o p e n i n g   s p r i n g   and  t h e   c l o s i n g  

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

f l a t   rod  or   r i b b o n   t y p e .   Wi th   s u c h   s p r i n g s   an  e x t r e m e l y   c o m -  

p a c t   e m b o d i m e n t   of  t he   o p e r a t i n g   d e v i c e ,   in  r e l a t i o n   to  i t s  

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

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

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

c h a i n s   or   t h e   l i k e   and  w i t h   a  minimum  of  l i n k   c o n n e c t i o n s ,  

t h e   e n e r g y   l o s s e s   in  t h e   t r a n s m i s s i o n   w i l l   be  s m a l l .  

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

r e f e r e n c e   to   t h e   a c c o m p a n y i n g   d r a w i n g s   s h o w i n g  -   by  way  o f  

e x a m p l e  -   i n  

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

d e v i c e   a c c o r d i n g   to   t h e   i n v e n t i o n ;  

F i g u r e   2  m o v e m e n t   c u r v e s   f o r   t h e   two  power   t r a n s m i t t i n g  

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

F i g u r e   3  an  e m b o d i m e n t   of  t h e   c o n n e c t i o n   m e c h a n i s m   of  t h e  

s h a f t s   in  an  end  v i e w   in   i t s   f i r s t   f i x e d   p o s i t i o n  

c o r r e s p o n d i n g   to   t h e   open  p o s i t i o n   of  t h e   c i r c u i t  

b r e a k e r ;  



F i g u r e   4  t h e   e m b o d i m e n t   of  t h e   c o n n e c t i o n   m e c h a n i s m   of   F i g -  

u r e   3  in   i t s   s e c o n d   f i x e d   p o s i t i o n   c o r r e s p o n d i n g   t o  

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

The   o p e r a t i n g   d e v i c e   shown  in  F i g u r e   1  i s   b u i l t   i n t o   a  m e c h -  

a n i s m   h o u s i n g   ( n o t   shown)   and  c o m p r i s e s   an  o p e n i n g   s p r i n g   1 

a n d   a  c l o s i n g   s p r i n g   2.  B o t h   s p r i n g s   a r e   of  t h e   s p i r a l l y .  

wound   f l a t   rod  or   r i b b o n   t y p e ,   and  e a c h   s p r i n g   e x e r t s   a  t o r -  

s i o n a l   moment   on  a  c o r r e s p o n d i n g   s h a f t ,   n a m e l y ,   an  o p e r a t i n g  

s h a f t   3  and   a  d r i v i n g   s h a f t   4,  r e s p e c t i v e l y .   The  s h a f t s   3 

a n d   4  a r e   a l i g n e d   w i t h   e a c h   o t h e r ,   and  t h e i r   c o n f r o n t i n g  

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

s t a r   w h e e l   6  f i x e d   on  t h e   d r i v i n g   s h a f t   4  and  a  t w o - a r m e d  

c a r r i e r   5  f i x e d   on  t h e   o p e r a t i n g   s h a f t   3.  One  arm  51  of   t h e  

c a r r i e r   5  s u p p o r t s   a  c a r r i e r   l a t c h   53  w h i c h   c o o p e r a t e s   w i t h  

t h e   s t a r   w h e e l   6,  t h e   s e c o n d   arm  52  b e i n g   a r r a n g e d   t o   c o o p -  

e r a t e   w i t h   an  o p e n i n g   l a t c h   7 .  

The   o p e r a t i n g   s h a f t   3  i s   c o n n e c t e d   to   t h e   c i r c u i t   b r e a k e r   b y  

way  o f   a  l e v e r   31  and   a  l i n k a g e   ( n o t   s h o w n ) .   When  t h e   c i r -  

c u i t   b r e a k e r   i s   c l o s e d ,   t h e   o p e n i n g   s p r i n g   1  i s   t e n s i o n e d  

a n d   i t s   s h a f t   3  h o o k e d   up  on  t h e   o p e n i n g   l a t c h   7.  T h i s   p o s i -  

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

o f   t h e   c i r c u i t   b r e a k e r ,   i s   shown  in  u n b r o k e n   l i n e s   in  F i g u r e  

1.  On  g i v i n g   an  o p e n i n g   i m p u l s e ,   t h e   o p e n i n g   l a t c h   7  i s   r e -  

l e a s e d ,   and  t h e   o p e n i n g   s p r i n g   1  r o t a t e s   t h e   s h a f t   3  so  t h a t  

t h e   c i r c u i t   b r e a k e r   i s   o p e n e d .   T h i s   c a u s e s   t h e   s h a f t   3  t o  

a s s u m e   t h e   end  p o s i t i o n   shown  in  b r o k e n   l i n e s   in  F i g u r e   1 ,  

w h i c h   t h u s   c o r r e s p o n d s   to   t h e   open   p o s i t i o n   of  t h e   c i r c u i t  

b r e a k e r .   T h u s ,   t h e   o p e r a t i n g   s h a f t   3  o p e r a t e s   b a c k   and   f o r t h  

b e t w e e n   t h e   two  shown  f i x e d   p o s i t i o n s .  

The  c l o s i n g   s p r i n g   2  h a s   i t s   i n n e r   end  f i x e d   to   t h e   d r i v i n g  

s h a f t   4  and  i t s   o u t e r   end  f i x e d   to   a  member   21  r o t a t a b l e   o n  

t h e   d r i v i n g   s h a f t   4,  s a i d   member   21  s u i t a b l y   c o n s i s t i n g   of  a  

w h e e l   or   a  c y l i n d r i c a l   drum  s u r r o u n d i n g   t h e   s p r i n g   2.  T h e  



s p r i n g   2  c a n   be  t e n s i o n e d   by  r o t a t i n g   t h e   d rum  w i t h   t h e   a i d  

of   a  m o t o r   22  v i a   a  s u i t a b l e   t r a n s m i s s i o n   m e a n s ,   f o r   e x a m p l e  

a  b e l t   23.   The   s h a f t   is   k e p t   l o c k e d   by  a  c l o s i n g   l a t c h   8 

w h i c h   h o o k s   up  one  of  t h e   a r m s   of  t h e   s t a r   w h e e l   6.  C l o s i n g  

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

l a t c h   8,  w h e r e b y   a n o t h e r   one  of  t h e   a rms  of  t h e   s t a r   w h e e l   6 

e n g a g e s   w i t h   t h e   c a r r i e r   l a t c h   53  of   t he   o p e r a t i n g   s h a f t   3 

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

s t e p   of  t h e   s t a r   w h e e l   6,  w h i c h   r e p r e s e n t s   t h e   m o v e m e n t   o f  

t h e   e n t i r e   o p e r a t i n g   s h a f t .   When  t h e   c a r r i e r   arm  52  h a s  

p a s s e d   t h e   o p e n i n g   l a t c h   7,  t h e   c a r r i e r   l a t c h   53  i s   d i s e n -  

g a g e d   by  an  d i s e n g a g i n g   p r o j e c t i o n   9  ( F i g u r e   4)  f i x e d l y   a r -  

r a n g e d   i n   t h e   m e c h a n i s m   h o u s i n g .   The  o p e r a t i n g   s h a f t   3  w i t h  

i t s   t e n s i o n e d   o p e n i n g   s p r i n g   1  t h e n   a s s u m e s   a  h o o k e d - u p   p o -  

s i t i o n ,   and  t h e   c i r c u i t   b r e a k e r   i s   r e a d y   f o r   an  o p e n i n g   o p -  
e r a t i o n .   I m m e d i a t e l y   a f t e r   d i s e n g a g e m e n t   of  t h e   c a r r i e r  

l a t c h   53,  t h e   n e x t   arm  of  t h e   s t a r   w h e e l   6  i s   h o o k e d   up  o n  

t h e   c l o s i n g   l a t c h   8,  and  t h e   m o t o r   22  i s   a b l e   to   t e n s i o n   t h e  

c l o s i n g   s p r i n g   2  a g a i n .  

The  s t a r   w h e e l   6  may  have   t w o ,   t h r e e ,   f o u r   or   more  a r m s ,   d e -  

p e n d i n g   on  w h e t h e r   t h e   o p e r a t i n g   s h a f t   3  w i t h   i t s   s p r i n g   1 

h a s   b e e n   d e s i g n e d   f o r   a  t o r s i o n a l   a n g l e   of  1 8 0 ° ,   1 2 0 ° ,   9 0 ° ,  

e t c .  

To  c l a r i f y   t h e   mode  of  o p e r a t i o n   of  t he   o p e r a t i n g   d e v i c e ,  

F i g u r e   2  s h o w s   f u n c t i o n s   of  t h e   t o r s i o n a l   a n g l e   of  t h e  

o p e r a t i n g   s h a f t   3  and  f o r   t h e   t h r e e   a rms  6 1 - 6 3   of  t h e   s t a r  

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

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

o p e r a t i n g   s h a f t   3  i s   d r a w n   in   u n b r o k e n   l i n e ,   w h e r e a s   t h e  

c u r v e s   f o r   t h e   a rms   61,  62  and   63  a r e   d r a w n   in  d a s h e d ,   d a s h -  

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



The   s t a r   w h e e l   6  h a s   t h r e e   f i x e d   p o s i t i o n s   p e r   t u r n ,   n a m e l y ,  

@ =  0° ,   @ =  1 2 0 ° ,   and  @ =  2 4 0 ° .   The  r o t a t i o n   a l w a y s   t a k e s  

p l a c e   in   t h e   same  d i r e c t i o n .  

The  o p e r a t i n g   s h a f t   3  h a s   two  f i x e d   p o s i t i o n s ,   n a m e l y ,  @   = 

@1,   w h i c h   c o r r e s p o n d s   to   t h e   open   p o s i t i o n   of  t h e   c i r c u i t  

b r e a k e r ,   and  @ = @ 2 ,   w h i c h   c o r r e s p o n d s   to   t h e   c l o s e d   p o s i -  
t i o n   of  t h e   c i r c u i t   b r e a k e r .   The  o p e r a t i n g   s h a f t   3  r o t a t e s  
b a c k   a n d   f o r t h   b e t w e e n   t h e s e   two  p o s i t i o n s .  

Upon   a  c l o s i n g   o p e r a t i o n ,   t h e   c l o s i n g   l a t c h   8  i s   r e l e a s e d   a t  

t h e   t i m e   t 1 .   The  s t a r   w h e e l   6  t h e n   s t a r t s   r o t a t i n g   and   t h e  

a rm  61  e n g a g e s   t h e   c a r r i e r   l a t c h   53  a t   @ = @ 1 .   T h e r e a f t e r ,  

t h e   two  s h a f t s   r o t a t e   s y n c h r o n o u s l y   d u r i n g   t h e   c l o s i n g   o p e r -  
a t i o n .   At  @ = @ 3 ,   t he   c a r r i e r   l a t c h   53  i s   d i s e n g a g e d   w h e n  

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

9.  The  o p e r a t i n g   s h a f t   3  t h e n   t u r n s   and  i s   h o o k e d   up  in  t h e  

a n g u l a r   p o s i t i o n   @ = @ 2   ( a t   t i m e   t2 )   w h e r e a s   t h e   s t a r   w h e e l  

6  c o n t i n u e s   to   r o t a t e   and  i s   h o o k e d   up  in   t h e   a n g u l a r   p o s i -  

t i o n   0 ` =   2 4 0 ° ,   w h i c h   c o r r e s p o n d s   to   120°   f o r   t h e   n e x t   a r m  

62.   A f t e r   t h i s ,   t h e   d e v i c e   i s   r e a d y   to   make  an  o p e n i n g   o p e r -  

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

t 3  a n d   t 4 .   In  a d d i t i o n ,   t h e   d r i v e   m o t o r   22  s t a r t s   and  t e n -  

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

t h e   n e x t   c l o s i n g   o p e r a t i o n .   T h i s   t i m e   t h e   arm  62  e n g a g e s   t h e  

c a r r i e r   l a t c h   53,  and  t h e   p r o c e d u r e   i s   r e p e a t e d .  

F i g u r e s   3  and   4  show  in   more   d e t a i l   an  e m b o d i m e n t   of  t h e  

c o n n e c t i o n   m e c h a n i s m   b e t w e e n   t h e   two  s h a f t s   3,  4,  n a m e l y ,  
when  t h e   s y s t e m   ( c i r c u i t   b r e a k e r   and  o p e r a t i n g   d e v i c e )   i s   i n  

t h e   open   p o s i t i o n   ( F i g u r e   3 ) ,   and  when  t h e   s y s t e m   i s   in   t h e  

c l o s e d   p o s i t i o n   ( F i g u r e   4 ) .   In  t h e   e m b o d i m e n t   a c c o r d i n g   t o  

F i g u r e s   3  and  4,  t he   s t a r   w h e e l   6  i s   p r o v i d e d   w i t h   f o u r   a r m s  

6 1 - 6 4 ,   b u t   o t h e r w i s e   t h i s   e m b o d i m e n t   d o e s   n o t   d i f f e r   f r o m  

t h e   one  shown  in  F i g u r e   1.  Of  t h e   p a r t s   shown  in  F i g u r e s   3 

and   4  w h i c h   a r e   i n c l u d e d   in   t h e   c o u p l i n g   m e c h a n i s m ,   t h e   c a r -  



r i e r   l a t c h   5  and  t h e   o p e n i n g   l a t c h   7  a r e   p o s i t i o n e d   in   a  

r e a r   p l a n e ,   w h e r e a s   t h e   s t a r   w h e e l   6,  t h e   c l o s i n g   l a t c h   8 

and   t h e   c a r r i e r   l a t c h   53  a r e   p o s i t i o n e d   in   an  f r o n t   p l a n e .  

In  t h e   e x a m p l e   shown ,   t h e   l a t c h   means   7  and   8  c o n s i s t   o f  

r o l l e r - t y p e   r a t c h e t s ,   w h i c h   can  be  r e l e a s e d   by  an  o p e n i n g  

and   c l o s i n g   m a g n e t ,   r e s p e c t i v e l y   ( n o t   s h o w n ) .   The  c a r r i e r  

l a t c h   53  c o n s i s t s   of  two  c a s c a d e - c o n n e c t e d   r o l l e r - t y p e  

r a t c h e t s   53,  54,  w h i c h   a r e   r e l e a s e d   when  a  s l i d i n g   s u r f a c e  

55  on  t h e   s m a l l e r   l a t c h   54  c o n t a c t s   t h e   s t a t i o n a r i l y   a r -  

r a n g e d   d i s e n g a g i n g   p r o j e c t i o n   9 .  

The  f r e e   end  p o r t i o n   of  t h e   c a r r i e r   arm  52  i s   p r o v i d e d   w i t h  

a  s p r i n g - l o a d e d   l o c k i n g   f l a p   56,   w h i c h   i s   a r r a n g e d   so  t h a t  

t h e   arm  52  can   p a s s   f r e e l y   p a s t   t h e   o p e n i n g   l a t c h   7  by  t h e  

b a c k   w a y .  

E a c h   one  of  t h e   s p r i n g s   1  and  2  may  c o n s i s t   of  a  p l u r a l i t y  

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



1.  An  o p e r a t i n g   d e v i c e   f o r   c i r c u i t   b r e a k e r s   w i t h   an  o p e n i n g  

s p r i n g   (1)  w h i c h   e x e r t s   a  t o r s i o n a l   moment   on  an  o p e r a t i o n  

s h a f t   (3)  c o n n e c t e d   to   t he   m o v a b l e   c o n t a c t   of  t h e   c i r c u i t  

b r e a k e r ,   w i t h   a  c l o s i n g   s p r i n g   (2)  w h i c h   e x e r t s   a  t o r s i o n a l  

momen t   on  a  d r i v i n g   s h a f t   ( 4 ) ,   w i t h   a  t e n s i o n   d e v i c e   ( 2 2 ,  

23)  f o r   t e n s i o n i n g   t he   c l o s i n g   s p r i n g   ( 2 ) ,   w i t h   a  c l o s i n g  

l a t c h   means   (8)  f o r   l i m i t i n g   t h e   r o t a t i o n   of  t h e   d r i v i n g  

s h a f t   (4)   u p o n   e a c h   c l o s i n g   o p e r a t i o n   and   f o r   l o c k i n g   t h e  

d r i v i n g   s h a f t   ( 4 )  w h e n   t h e   c l o s i n g   s p r i n g   (2)  i s   t e n s i o n e d ,  

and   w i t h   a  c o n n e c t i o n   d e v i c e   (5 ,   6)  f o r   i n t e r c o n n e c t i n g   t h e  

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

t e n s i o n i n g   of  t h e   o p e n i n g   s p r i n g   ( 1 ) ,   c  h  a  r  a  c  t   e  r -  

i  z  e  d   in   t h a t   t h e   two  s h a f t s   (3 ,   4)  a r e   a l i g n e d ,   t h a t  

t h e   c o n n e c t i o n   d e v i c e   (5 ,   6)  c o m p r i s e s   a  s t a r   w h e e l   ( 6 )  

f i x e d   t o   t h e   d r i v i n g   s h a f t   ( 4 ) ,   t h a t   t h e   c l o s i n g   s p r i n g   ( 2 )  

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

s h a f t   (4)   and   wound  f rom  a  f l a t   rod   o r   r i b b o n ,   and  t h a t   s a i d  

c o n n e c t i o n   d e v i c e   i s   p r o v i d e d   w i t h   a t   l e a s t   two  a rms   ( 6 1 ,  

6 2 ) ,   w h i c h   a r e   a r r a n g e d ,   u p o n   c l o s i n g   of  t h e   c i r c u i t  

b r e a k e r ,   to   c o o p e r a t e   w i t h   a  c a r r i e r   l a t c h   (53 )   m o u n t e d   o n  

t h e   o p e r a t i n g   s h a f t   ( 3 ) .  

2.  O p e r a t i n g   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   o p e n i n g   s p r i n g   (1)   a l s o   c o n -  

s i s t s   of  a  s p i r a l   s p r i n g   wound   f r o m   a  f latrod or  r i b b o n .  

3.  O p e r a t i n g   d e v i c e   a c c o r d i n g   to   any  of  t h e   p r e c e d i n g  

c l a i m s ,   c  h  a  r  a  c  t   e  r  i  z  e  d   in   t h a t   t h e   i n n e r   e n d  

of   t h e   c l o s i n g   s p r i n g   (2)  i s   f i x e d   t o   t h e   d r i v i n g   s h a f t   ( 4 )  

and   t h e   o u t e r   end  t h e r e o f . i s   f i x e d   t o   a  w h e e l   or   d rum  ( 2 1 )  

w h i c h   i s   r o t a t a b l e   a b o u t   t h e   d r i v i n g   s h a f t   (4)  and   c o n n e c t e d  

t o   t h e   t e n s i o n   d e v i c e   (22 ,   2 3 ) .  



4.  O p e r a t i n g   d e v i c e   a c c o r d i n g   to   any  of  t h e   p r e c e d i n g  

c l a i m s ,   c  h  a  r  a  c  t   e  r  i  z  e  d   in  t h a t   t h e   d r i v i n g  

s h a f t   (4)  o n l y   has   one  d i r e c t i o n   of  r o t a t i o n ,   w h e r e a s   t h e  

o p e r a t i n g   s h a f t   (3)  i s   r o t a t a b l e   b a c k   and  f o r t h   b e t w e e n   t w o  

f i x e d   p o s i t i o n s ,   w h i c h   c o r r e s p o n d   to   t he   c l o s e d   and   o p e n   p o -  

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

5.  O p e r a t i n g   d e v i c e   a c c o r d i n g   to   any  of   t h e   p r e c e d i n g  

c l a i m s ,   c  h  a  r  a  c  t   e  r  i  z  e  d   in  t h a t   t h e   c o n n e c t i o n  

d e v i c e   (5 ,   6)  c o m p r i s e s   a  t w o - a r m   c a r r i e r   (5)  f i x e d   t o   t h e  

o p e r a t i n g   s h a f t   ( 3 ) ,   one  arm  (51 )   of  s a i d   c a r r i e r   s u p p o r t i n g  

t h e   c a r r i e r   l a t c h   ( 5 3 ) ,   t h e   o t h e r   arm  (52)   of   s a i d   c a r r i e r  

b e i n g   a r r a n g e d   to   c o o p e r a t e   w i t h   a n  o p e n i n g   l a t c h   (7)  f o r  

l o c k i n g   t h e   o p e r a t i n g   s h a f t   (3)   i n   t he   c l o s e d   p o s i t i o n   o f  

t h e   c i r c u i t   b r e a k e r .  

6.  O p e r a t i n g   d e v i c e   a c c o r d i n g   to   any  of   t h e   p r e c e d i n g  

c l a i m s ,   c  h  a  r  a  c  t   e  r  i  z  e  d   in  t h a t   t h e   c o n n e c t i o n  

d e v i c e   (5 ,   6)  c o m p r i s e s   a  d i s e n g a g i n g   member   ( 9 ) ,   f i x e d l y  

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

c a r r i e r   l a t c h   (53)   and  d i s e n g a g i n g   t he   o p e r a t i o n   s h a f t   ( 3 )  

f rom  t h e   d r i v i n g   s h a f t   (4)   a t   t h e   f i n a l   s t a g e   of  t h e   c l o s i n g  

o p e r a t i o n .  

7.  O p e r a t i n g   d e v i c e   a c c o r d i n g   to   any  of  c l a i m s   5  a n d  

6,  c  h  a  r  a  c  t   e  r  i  z  e  d   in   t h a t   t h e   d i s e n g a g i n g   m e m b e r  

(9)  i s   p o s i t i o n e d   in   s u c h   a  way  i n   r e l a t i o n   to   s a i d   o p e n i n g  

l a t c h   (7)  t h a t   t h e   o p e r a t i n g   s h a f t   (3)  a t   t h e   f i n a l   s t a g e  

of   t h e   c l o s i n g   o p e r a t i o n   i s   moved  p a s t   t h a t   f i x e d   p o s i t i o n  

w h i c h   c o r r e s p o n d s   to   t h e   c l o s e d   p o s i t i o n   of  t h e   c i r c u i t  

b r e a k e r ,   b e f o r e   t h e   c a r r i e r   l a t c h   (53)   i s   r e l e a s e d .  

8.  O p e r a t i n g   d e v i c e   a c c o r d i n g   to   any  of  c l a i m s   5  t o   7 ,  

c  h  a  r  a  c  t   e  r  i  z  e  d   in   t h a t   t he   f r e e   end  p o r t i o n   o f  

t h e   c a r r i e r   arm  ( 5 2 ) ,   a r r a n g e d   f o r   c o o p e r a t i o n   w i t h   t h e  



o p e n i n g   l a t c h   (7)  i s   p r o v i d e d   w i t h   a  s p r i n g - l o a d e d   l o c k i n g  

f l a p   ( 5 6 ) .  
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