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@  Electromagnetic  drive  and  polarized  relay. 

  A  polarized  relay  with  an  electromagnetic  drive  com- 
prises  an  electromagnetic  yoke  composed  of  a  core  (13) 
wound  with  a  coil  (14)  and  a  yoke  body  (16),  and  having  one 
end  portion  (13a)  of  one  magnetic  polarity  and  a  pair  of 
bifurcated  end  portions  (19a,  19b)  of  the  other  magnetic 
polarity  opposite  tothe  one  magnetic  polarity.  The  bifur- 
cated  end  portions  are  separated  in  opposition  from  each 
other.  The  one  end  portion  of  the  yoke  is  disposed  between 
the  bifurcated  end  portions  so  as  to  cooperate  to  form  a  pair 
of  working  gaps  (20a,  20b).  A  movable  block  (23)  of  a  sub- 
stantially  C-like  configuration  incorporating  a  permanent 
magnet  (21)  has  two  magnetic  pole  pieces  (22a,  22b)  which 
are  disposed  within  the  working  gaps,  respectively.  Guide 
is  provided  for  guiding  the  movable  block  in  response  to 
energization  and  deenergization  of  the  coil  so  that  the  pole 
pieces  are  movable  within  the  respective  working  gaps.  A 
contact  mechanism  including  movable  contacts  is 
mechanically  coupled  to  the  movable  block  to  make  or 
break  circuit. 



BACKGROUND  OF  THE  INVENTION 

F i e l 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  an  e l e c t r o m a g n e t i c  

d r i v e   u n i t   d e s t i n e d   to  be  used   in  a  r e l a y   a p p a r a t u s   a n d  

a  p o l a r i z e d   r e l a y   of  the  type   in  wh ich   r e l a y   c o n t a c t s   a r e  

d r i v e n   by  a  movable   member  or  b l o c k   a d a p t e d   to  b e  

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

d r i v e   u n i t .  

D e s c r i p t i o n   of  the  P r i o r   A r t .  

In  the  h i t h e r t o   known  p o l a r i z e d   r e l a y   a p p a r a t u s ,   t h e  

c o n t a c t s   are   o p e r a t e d   by  means  of  a  d r i v e   m e c h a n i s m  

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

a s s e m b l y   as  shown  in  F i g u r e   1  of  the   a c c o m p a n y i n g  

d r a w i n g s .   R e f e r r i n g   to  the  f i g u r e ,   the   e l e c t r o m a g n e t i c  

d r i v e   a s s e m b l y   is  composed  of  a  p e r m a n e n t   magnet   1  and  a  

p a i r   of  i n v e r t e d   C - l i k e   a r m a t u r e   p l a t e s   2  and  3  b e t w e e n  

which   the  p e r m a n e n t   magne t   1  is  s a n d w i c h e d   in  s u c h  

o r i e n t a t i o n   in  which   the   a x i s   of  m a g n e t i z a t i o n   of  t h e  

p e r m a n e n t   magnet   1  e x t e n d s   p e r p e n d i c u l a r l y   to  t h e  

a r m a t u r e   p l a t e s   2  and  3.  A  b a r - l i k e   i r o n   core   5  wound  

w i t h   the  c o i l   4  is  d i s p o s e d   b e t w e e n   the   a r m a t u r e   p l a t e s  

2  and  3  w i t h   b o t h   ends  of  the  c o r e   5  b e i n g   p o s i t i o n e d   i n  

the  a i r   gaps  d e f i n e d ,   r e s p e c t i v e l y ,   by  the  o p p o s i n g   e n d  

p o l e s   of  the  a r m a t u r e   p l a t e s   2  and  3.  When  a  c u r r e n t   i s  

s u p p l i e d   to  the  c o i l   4,  the  a r m a t u r e s   2  and  3  a r e  

r o t a t e d   abou t   a  p i v o t a l   s h a f t   6  in  e i t h e r   one  o f  

d i r e c t i o n s   i n d i c a t e d   by  a  d o u b l e - h e a d   a r row  S  in  d e p e n d -  

ence  on  the  d i r e c t i o n   of  the   s u p p l i e d   c u r r e n t ,   whereby   a  



m o v a b l e   c o n t a c t   p l a t e   or  p i e c e   of  a  c o n t a c t   mechan i sm  i s  

o p e r a t e d   in  the  d i r e c t i o n   to  open  or  c l o s e   the  c o n t a c t s .  

The  p r i o r   a r t   e l e c t r o m a g n e t i c   r e l a y   shown  in  F i g u r e   1 

h o w e v e r   s u f f e r s   from  d r a w b a c k s   m e n t i o n e d   be low.   In  t h e  

p r e s e n t   s t a t e   of  t e c h n o l o g y   in  the   c o n c e r n e d   f i e l d ,   t h e  

e l e c t r o m a g n e t i c   r e l a y   t e n d s   to  be  m i n i a t u r i z e d   so  t h a t   i t  

can  be  mounted   on  a  s u b s t r a t e   fo r   a  p r i n t e d   c i r c u i t .   I n  

t h i s   c o n n e c t i o n ,   i t   is  n o t e d   t h a t   the   whole  l e n g t h   of  t h e  

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

n e c e s s a r i l y   i n c r e a s e d   due  to  the   f a c t   the   a i r   gaps  f o r  

a l l o w i n g   movement  of  the   a r m a t u r e s   2  and  3  a re   p r o v i d e d  

at   b o t h   ends  of  the   i r o n   co re   5  wound  w i t h   the   c o i l   4 .  

B e s i d e s ,   b e c a u s e   of  such  s t r u c t u r e   t h a t   the   c o i l   a s s e m b l y  

is  d i s p o s e d   as  o v e r l y i n g   the   a r m a t u r e   b l o c k   of  a  s u b s t a n -  

t i a l   t h i c k n e s s ,   an  i n c r e a s e   in  h e i g h t   is  i n v o l v e d ,  

r e s u l t i n g   in  a  b u l k y   s t r u c t u r e   which   c o n t r a d i c t s   to  t h e  

t r e n d   of  m i n i a t u r i z a t i o n   of  the   e l e c t r o m a g n e t i c   r e l a y .  

I t   s h o u l d   f u r t h e r   be  added  t h a t   t h e r e   is  a  g r e a t   d i s t a n c e  

b e t w e e n   the  p e r m a n e n t   magne t   1  and  each  of  the  a i r   g a p s ,  

g i v i n g   r i s e   to  s i g n i f i c a n t   l e a k a g e   of  the   m a g n e t i c   f l u x  

and  h e n c e   low  s e n s i t i v i t y   of  the   e l e c t r o m a g n e t i c   r e l a y .  

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

f o r   the   p o l a r i z e d   r e l a y   a p p a r a t u s ,   t h e r e   has  been  known  a  

s t r u c t u r e   in  which   an  E - l i k e   i r o n   core   is  e m p l o y e d  

( r e f e r e n c e   may  be  made  to  J a p a n e s e   P a t e n t   P u b l i c a t i o n   No .  

3 0 2 3 2 / 1 9 8 2 ,   by  way   of  e x a m p l e . )   A c c o r d i n g   to  t h i s   p r i o r  

a r t ,   an  E - l i k e   i r o n   core   7  h a v i n g   t h r e e   l egs   7a,  7b  a n d  

7c  is  u s e d ,   w h e r e i n   the   mid  l eg   7b  is  wound  w i th   t h e  

c o i l   4,  as  is  shown  in  F i g u r e   2  of  the   a c c o m p a n y i n g  

d r a w i n g s .   A  C - l i k e   movab le   e l e m e n t   b l o c k   g e n e r a l l y  

d e n o t e d   by  12  is  c o n s t i t u t e d   by  a  p e r m a n e n t   magnet   9 



s a n d w i c h e d   b e t w e e n   two  po l e   p i e c e s   or  p l a t e s   10  and  11 

w i t h   the  a x i s   of  m a g n e t i z a t i o n   of  the  magne t   9  e x t e n d i n g  

p e r p e n d i c u l a r l y   to  the  po l e   p i e c e s   10  and  11.  The  l e g s  

or  f r e e   ends  of  the   po l e   p i e c e s   a r e ,   r e s p e c t i v e l y ,  

d i s p o s e d   w i t h i n   a i r   gaps  ( a l s o   r e f e r r e d   to  as  the  w o r k i n g  

gaps )   8  d e f i n e d   by  the   t h r e e   l egs   7a,  7b  and  7c  of  t h e  

E - l i k e   core   7.  When  the   c o i l   4  is  e l e c t r i c a l l y   e n e r g i z e d  

in  one  d i r e c t i o n ,   the   m o v a b l e   e l e m e n t   or  b l o c k   12  i s  

moved  to  the  r i g h t   as  v i ewed   in  F i g u r e   2,  to  form  a  c l o s e  

m a g n e t i c   c i r c u i t .   On  the  o t h e r   hand,   when  the   c o i l   4  i s  

s u p p l i e d   w i th   a  c u r r e n t   in  the  o t h e r   d i r e c t i o n ,   t h e  

movab le   b l o c k   12  is  d i s p l a c e d   to  the  l e f t ,   whereby   t h e  

c o n t a c t s   are   c l o s e d   or  opened   in  r e s p o n s e   to  the  m o v e m e n t  

of  the  b l o c k   12  to  which   the   c o n t a c t   mechan i sm  i s  

c o n n e c t e d .   This   e l e c t r o m a g n e t i c   a s s e m b l y   is  d i s a d v a n t a g e -  

ous  in  t h a t   w i d t h   of  the  a s s e m b l y   is  r e m a r k a b l y   i n c r e a s e d  

to  make  i t   d i f f i c u l t   or  i m p r o p e r   to  i n c o r p o r a t e   t h e  

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

which   are   i n c r e a s i n g l y   r e q u i r e d   to  be  i m p l e m e n t e d   in  a  

m i n i a t u r e   s i z e .   Such  l a r g e   w i d t h   may  be  e x p l a i n e d   by  t h e  

f a c t   t h a t ,  a s s u m i n g   the  r e q u i r e d   m a g n e t i c   p a t h   c r o s s -  

s e c t i o n a l   a r e a   of  the   c e n t e r   leg  7b  wound  w i t h   the  c o i l   4 

to  be  r e p r e s e n t e d   by  a,  the   t o t a l   c r o s s - s e c t i o n a l   a r e a s  

of  t h r e e   l egs   7a,  7b  and  7c  amount  to  3  X  a,  whe reby   t h e  

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

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

i n c r e a s e d   due  to  the   n e c e s s i t y   of  p r o v i s i o n   of  t h e  

w o r k i n g   a i r   gap  8  which   e n c l o s e s   the  c o i l   4 .  



SUMMARY  OF  THE  INVENTION 

It   is  t h e r e f o r e   an  o b j e c t   of  the   p r e s e n t   i n v e n t i o n  

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

fo r   a  p o l a r i z e d   r e l a y   wh ich   is  immune  to  the   d i s a d v a n t a g e s  

of  the  h i t h e r t o   known  e l e c t r o m a g n e t i c   d r i v e   and  s u i t e d  

to  be  i m p l e m e n t e d   in  a  m i n i a t u r e   s i z e .  

A n o t h e r   o b j e c t   of  the   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   a  p o l a r i z e d   r e l a y   which   is  e q u i p p e d   w i t h   a  

m i n i a t u r i z e d   e l e c t r o m a g n e t i c   d r i v e   fo r   o p e r a t i n g   r e l a y  

c o n t a c t s   and  e x h i b i t s   a  h i g h   s e n s i t i v i t y .  

S t i l l   a n o t h e r   o b j e c t   of  the   p r e s e n t   i n v e n t i o n   i s  

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

can  be  used   fo r   a  p o l a r i z e d   r e l a y   e i t h e r   of  l a t c h i n g  

type   or  m o n o s t a b l e   t y p e .  

A  f u r t h e r   o b j e c t   of  the   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  e l e c t r o m a g n e t i c   r e l a y   a p p a r a t u s   of  a n  

improved   s t r u c t u r e   in  which   a  c o i l   s p o o l   a s s e m b l y  

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

a p p a r a t u s   can  be  o f f h a n d   s e c u r e d   to  a  t e r m i n a l - p i n  

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

of  o p e r a t i o n   in  a  much  s i m p l i f i e d   m a n n e r .  

In  v iew  of  the  o b j e c t s   m e n t i o n e d   above ,   t h e  

p r e s e n t   i n v e n t i o n   is  c h a r a c t e r i z e d   in  t h a t   a  y o k e  

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

m i n i a t u r i z e d .   More  p a r t i c u l a r l y ,   an  i r o n   co re   wound  

w i t h   a  c o i l   is  so  d i s p o s e d   as  to  e x t e n d   s u b s t a n t i a l l y  

in  p a r a l l e l   w i t h   a  yoke  body  to  c o n s t i t u t e   a  y o k e ,  

w h e r e i n   one  end  p o r t i o n   of  the  yoke  is  d i b u r c a t e d  

i n t o   two  end  p o r t i o n s   b e t w e e n   w i t h   the   o t h e r   end  o f  



the   yoke ,   i . e .   end  p o r t i o n   of  the   i r o n   co re   i s  

d i s p o s e d   to  t h e r e b y   d e f i n e   a i r   gaps  ( w o r k i n g   g a p s )  

t h r o u g h   c o o p e r a t i o n   w i t h   the  b i f u r c a t e d   end  p o r t i o n s  

m e n t i o n e d   above .   A  movab le   b l o c k   c o n s t i t u t e d   by  a  

p e r m a n e n t   magne t   s a n d w i c h e d   b e t w e e n   a  p a i r   of  s i d e  

po l e   p i e c e s   or  p l a t e s   is  so  d i s p o s e d   t h a t   the   p o l e  

p l a t e s   a re   movab ly   p o s i t i o n e d   in  the  a i r   g a p s ,  

r e s p e c t i v e l y .   The  i r o n   co re   and  the  yoke  body  may 

be  v e r t i c a l l y   j u x t a p o s e d   in  p a r a l l e l   or  h o r i z o n t a l l y  

j u x t a p o s e d .   In  e i t h e r   c a s e ,   the  yoke  has  a  p a i r   o f  

l egs   c o n s t i t u t e d   by  the  co re   and  the   yoke  b o d y ,  

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

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

a c c o r d i n g   to  the  i n v e n t i o n ,   the   w o r k i n g   a i r   gaps  a r e  

p r o v i d e d   on ly   at   one  end  of  the  e l e c t r o m a g n e t i c   d r i v e .  

Thus ,   the   o v e r a l l   l e n g t h   of  the   e l e c t r o m a g n e t i c   d r i v e  

can  be  s i g n i f i c a n t l y   d e c r e a s e d .   F u r t h e r ,   b e c a u s e   t h e  

a r m a t u r e   c o n s t i t u t e d   in  p a r t   by  the  movab le   b l o c k   i s  

p o s i t i o n e d   on ly   a t   one  end  of  the  c o i l ,   the   h e i g h t  

of  the  e l e c t r o m a g n e t i c   d r i v e   can  a l s o   be  r e d u c e d .  

M o r e o v e r ,   s i n c e   the  end  of  the  co re   and  the  d i f u r c a t e d  

end  p o r t i o n s   of  the   yoke  body  can  be  p o s i t i o n e d   c l o s e r  

to  the  p e r m a n e n t   magne t   c o n s t i t u t i n g   a  p a r t   of  t h e  

movab le   b l o c k ,   l e a k a g e   of  the  m a g n e t i c   f l u x   can  b e  

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

h a v i n g   an  e n h a n c e d   s e n s i t i v i t y   to  be  r e a l i z e d .   T h e  

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

thus   be  i m p l e m e n t e d   in  a  much  r e d u c e d   s i z e   w h i l e  

a s s u r i n g   a  h i g h   s e n s i t i v i t y .   The  h i t h e r t o   known  



e l e c t r o m a g n e t i c   d r i v e   such  as  shown  in  F i g u r e   2  h a s  

an  E - l i k e   yoke  h a v i n g   a  c e n t e r   co r e   wound  w i t h   a  c o i l  

and  a  p a i r   of  l a t e r a l   l e g s .   In  c o n t r a s t ,   the  yoke  o f  

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

has  only   two  l e g s .   Th is   means  t h a t   the  l a t e r a l  

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

a p p a r a t u s   can  be  r e d u c e d   a t   l e a s t   by  a  d i m e n s i o n  

c o r r e s p o n d i n g   to  one  l e g .  

In  a  p r e f e r r e d   embodiment   of  the   p r e s e n t   i n v e n t i o n ,  

the   i r o n   co re   wound  w i t h   the   c o i l   has  an  end  p o r t i o n  

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

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

the   l a t e r a l   s i d e s   of  the  i r o n   core   so  t h a t   t h e  

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

e q u i d i s t a n t   from  the  c e n t e r   a x i s  o f   the  i r o n   c o r e .  

Wi th   t h i s   s t r u c t u r e ,   a  s o - c a l l e d   m o n o s t a b l e   t y p e  

e l e c t r o m a g n e t i c   d r i v e   can  be  r e a l i z e d .   In  t h i s  

s t r u c t u r e ,   the   movab le   b l o c k   of  the  l a t c h i n g   t y p e  

e l e c t r o m a g n e t i c   d r i v e   can  be  e q u a l l y   used   w i t h o u t  

r e q u i r i n g   a d j u s t m e n t   of  the  f o r c e   of  c o n t a c t   b i a s i n g  

s p r i n g s   or  need   fo r   a d d i t i o n a l   p a r t s ,   w h e r e b y   t h e  

l a t c h i n g   t ype   can  be  r e a d i l y   t r a n s f o r m e d   to  t h e  

m o n o s t a b l e   type   r e l a y   and  v i c e   v e r s a .  

In  a  f u r t h e r   embodiment   of  the   p r e s e n t   i n v e n t i o n ,  

the   a r e a   over   which   one  of  the   po le   p l a t e s   of  t h e  

movab le   b l o c k   is  b r o u g h t   i n t o   c o n t a c t   w i t h   the  i r o n   c o r e  

is  s e l e c t e d   s m a l l e r   than   the  a r e a   over   wh ich   the  o t h e r  

po l e   p l a t e   is  b r o u g h t   i n t o   c o n t a c t   w i t h   the   c o r e ,  

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



r e a l i z e d .   More  s p e c i f i c a l l y ,   in  the  ca se   of  t h e  

h i t h e r t o   known  p o l a r i z e d   r e l a y ,   the   a r e a   over   w h i c h  

the   c o r e   c o n t a c t s   w i t h   e i t h e r   of  the  po le   p l a t e s   o f  

the  movab le   b l o c k   r e m a i n s   c o n s t a n t .   A c c o r d i n g l y ,  

i t   is  r e q u i r e d   to  p o s i t i v e l y   s t a b i l i z e   b o t h   the  s e t  

and  r e s e t   s t a t e s   of  the  p o l a r i z e d   r e l a y   by  o v e r c o m i n g  

the   i n t r i n s i c   r e s i l i e n c y   of  the  m o v a b l e   c o n t a c t   b a r s .  

In  c o n t r a s t ,   a c c o r d i n g   to  one  e x e m p l a r y   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  c o n t a c t i n g   a r e a   b e t w e e n  

the   i r o n   co re   and  the  po le   p l a t e   of  the   movable   b l o c k  

is  s e l e c t e d   g r e a t e r   in  the  r e s e t   s t a t e   t han   in  t h e  

s e t   s t a t e   which   is  e s t a b l i s h e d   t h r o u g h   e x c i t a t i o n  

of  the  c o i l   wound  on  the  c o r e .   A c c o r d i n g l y ,   t h e  

p o l a r i z e d   r e l a y   is  s t a b l i z e d   in  the  r e s e t   s t a t e   i n  

w h i c h   the  e x c i t a t i o n   of  the  c o i l   is  no t   e f f e c t e d .  

In  t h i s   s e n s e ,   t h i s   type  s t r u c t u r e   may  be  r e f e r r e d  

to  as  the  m o n o s t a b l e   r e l a y .  



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

r e s e t   s t a t e s   can  be  r e a d i l y   a c c o m p l i s h e d   by  s l i g h t l y   m o d i f y i n g  

the  r e l a t i v e   p o s i t i o n s   of  b o t h   the  p o l e   p l a t e s   of  the   m o v a b l e  

b l o c k   r e l a t i v e   to  the   i r o n   c o r e .  

In  a  f u r t h e r   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   p o l a r i z e d   e l e c t r o m a g n e t i c   r e l a y   a p p a r a t u s   in  which  a  c o i l  

s p o o l   a s s e m b l y   is   d e s t i n e d   to  be  a s s e m b l e d   on  a  t e r m i n a l p i n  

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

end  c o l l a r s ,   a  f l e x i b l e   p r o j e c t i n g   p i e c e   f o rmed   in  one  of  t h e  

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

f o r m e d   in   the   o t h e r   c o l l a r ,   t e r m i n a l   members   f o r   the  l e a d s   o f  

the   c o i l   a n c h o r e d   in  the   o t h e r   c o l l a r ,   a  l a t c h   p r o j e c t i o n  

f o r m e d   in  the   top  s u r f a c e   of  the   base   p l a t e   a t   a  p o s i t i o n   n e a r  

one  end  t h e r e o f   and  h a v i n g   a  l a t c h   h o l e ,   a  jaw  l i k e   o f f s e t  

p o r t i o n   f o r m e d   in  the   b a s e   p l a t e   at   the   o t h e r   end  o p p o s i t e   t o  

a f o r e m e n t i o n e d   one  end,   w h e r e i n   the  c o i l   s p o o l   a s s e m b l y   i s  

f i x e d l y   m o u n t e d   on  the  base   p l a t e   t h r o u g h   e n g a g e m e n t   of  t h e  

f l e x i b l e   p r o j e c t i n g   p i e c e   w i t h   the  l a t c h   h o l e   and  f i t t i n g   o f  

the   j a w - l i k e   o f f s e t   p o r t i o n   of  the   b a s e   p l a t e   on to   t h e  

s u p p o r t i n g   o f f s e t   p o r t i o n   of  the   s p o o l .   By  v i r t u e   of  t h i s  

s t r u c t u r e ,   the   c o i l   s p o o l   a s s e m b l y   can  be  o f f h a n d   m o u n t e d  

f i x e d l y   on  the   base   p l a t e   w i t h o u t   r e q u i r i n g   any  o t h e r   f i x i n g  

or   c l a m p i n g   members ,   w h i l e   a s s u r i n g   a  h i g h   p r e c i s i o n  

p o s i t i o n i n g   and  I n e x p e n s i v e   a s s e m b l i n g .  

The  above  and  o t h e r   o b j e c t s ,   f e a t u r e s   a n d  

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   w i l l   be  more  a p p a r e n t  

from  the   f o l l o w i n g   d e s c r i p t i o n   made  by  r e f f e r i n g   to  t h e  



a c c o m p a n y i n g   d r a w i n g s .  

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Fig .   1  is   a  s c h e m a t i c   p e r s p e c t i v e   v iew  s h o w i n g   a  

main  p o r t i o n   of  a  h i t h e r t o   known  e l e c t r o m a g n e t i c   d r i v e  

a p p a r a t u s ;  

F ig .   2  is   a  s c h e m a t i c   top  p l a n   v iew  of  a n o t h e r  

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

F ig .   3  i s   a  s c h e m a t i c   p e r s p e c t i v e   view  s h o w i n g  

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

embod imen t   of  the  p r e s e n t   i n v e n t i o n ;  

Fig  4  i s   an  e x p l o d e d   p e r s p e c t i v e   view  of  a  

p o l a r i z e d   r e l a y   i n c o r p o r a t i n g   the  e l e c t r o m a g n e t i c   d r i v e  

a p p a r a t u s   shown  in  F i g . 3 ;  

F ig .   5  is   an  e x p l o d e d   p e r s p e c t i v e   v iew  s h o w i n g  

the  p o l a r i z e d   r e l a y   of  F ig .   4  at  an  i n t e r m e d i a t e   s t e p   o f  

a s s e m b l i n g  ;  

F ig .   6  is  a  p e r s p e c t i v e   v iew  f o r   i l l u s t r a t i n g   of  a  

c o i l   s p o o l   a s s e m b l y   on  a  t e r m i n a l - p i n   c a r r y i n g   base   p l a t e  

upon  a s s e m b l i n g   the  p o l a r i z e d   r e l a y   shown  in  Fig .   4,  s e v e r a l  

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

t h e r e o f  ;  

F ig .   7  i s   a  s i d e   e l e v a t i o n a l   view  showing   t h e  

p o l a r i z e d   r e l a y   in  the  a s s e m b l e d   s t a t e   w i th   s e v e r a l   p a r t s  

b e i n g   o m i t t e d   from  i l l u s t r a t i o n  ;  

Fig .   8  i s   a  s c h e m a t i c   p e r s p e c t i v e   view  showing   a n  

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

embod imen t   of  the  i n v e n t i o n  ;  



F i g .   9 ( a )   i s   a  s c h e m a t i c   p e r s p e c t i v e   v iew  s h o w i n g  

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

e m b o d i m e n t   of  the   i n v e n t i o n  ;  

F ig .   9 (b )   i s   a  s i d e   e l e v a t i o n a l   v i ew  showing   t h e  

e l e c t r o m a g n e t i c   d r i v e   a p p a r a t u s   shown  in  F i g .   9 ( a }  ;  

F i g .   10  i s   a . s c h e m a t i c   p e r s p e c t i v e   v i ew  s h o w i n g   a n  

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

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  ;  

F ig .   1 1 ( a )   i s   a  view  showing   a  s t r u c t u r e   of  a  f r e e  

end  p o r t i o n   of  an  i r o n   co re   to  be  u s e d   in  a  m o n o s t a b l e   t y p e  

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

e m b o d i m e n t  ;  

F ig .   11 (b )   i s   a  v iew  s i m i l a r   to  F ig .   11 (a )   a n d  

shows  the   c o r e   s t r u c t u r e   f o r   use   in   a  l a t c h i n g   t y p e  

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

F i g .   1 2 ( a )   i s   a  v iew  i l l u s t r a t i n g   a  s t r u c t u r e   of  a  

f r e e   end  p o r t i o n   of   an  i r o n   co re   to  be  u s e d   in  a  m o n o s t a b l e  

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

e m b o d i m e n t  ;  

F ig .   12 (b )   i s   a  v iew  s i m i l a r   to  F i g .   12 (a )   a n d  

shows  the   co r e   s t r u c t u r e   f o r   use  in   a  l a t c h i o n g   t y p e  

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

F ig .   13  i s   a  s c h e m a t i c   p e r s p e c t i v e   v iew  showing   a n  

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

e m b o d i n m e n t   of  the   p r e s e n t   i n v e n t i o n  ;  

F ig .   14  i s   a  view  f o r   i l l u s t r a t i n g   a  c o n t a c t i n g  

s t a t e   of  an  i r o n   c o r e   and  one  p o l e   p l a t e   of  a  movable   b l o c k  



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

shown  in  F i g .   1 3  ;  

F ig .   15  i s   a  v iew  showing  a  c o n t a c t i n g   s t a t e   of  a n  

i r o n   c o r e   and  the  o t h e r   po le   p l a t e   of  the   movab le   b l o c k   In  t h e  

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

F ig .   1 3  ;  

F ig .   16  i s   an  e x p l o d e d   p e r s p e c t i v e   v iew  showing   a  

p o l a r i z e d   r e l a y   i n c o r p o r a t i n g   the  e l e c t r o m a g n e t i c   d r i v e  

a p p a r a t u s   shown  in  F ig .   13  ;   a n d  

F ig .   17  i s   a  v iew  f o r   g r a p h i c a l l y   i l l u s t r a t i n g  

o p e r a t i o n   c h a r a c t e r i s t i c s   of  the  p o l a r i z e d   r e l a y   s h o w n  

in  F ig .   1 6  .  

DESCRIPTION  OF  THE  PREFERRED  EMBODIMENTS 

Now,  the  i n v e n t i o n   w i l l   be  d e s c r i v e d   in  c o n j u n c t i o n  

w i t h   an  e l e c t r o m a g n e t i c   d r i v e   u n i t   and  a  p o l a r i z e d   e l e c t r o -  

m a g n e t i c   r e l a y   wh ich   i n c o r p o r a t e s   the   e l e c t r o m a g n e t i c   d r i v e  

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

i n v e n t i o n .  

F ig .   3  to  5  show  a  f i r s t   e x e m p l a r y   e m b o d i m e n t   of  t h e  

i n v e n t i o n   which   c o n c e r n s   an  improved   e l e c t r o m a g n e t i c   d r i v e  

u n i t   or  a p p a r a t u s ,   a  p o l a r i z e d   e l e c t r o m a g n e t i c   r e l a y  

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

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

r e l a y   to  be  a s s e m b l e d   in  a  f a c i l i t a t e d   m a n n e r .   In  t h i s  

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

c o m p r i s e s   an  i r o n   c o r e   13,  a  yoke  15  c o n s t i t u t e d   by  a  y o k e  

body  16  e x t e n d i n g   in  p a r a l l e l   w i th   the   i r o n   c o r e   13  a n d  

h a v i n g   a  f r e e   end  p o r t i o n   b i f u r c a t e d   so  as  to  form  a  p a i r   o f  



o p p o s i t e l y   f a c i n g   u p s t a n d i n g   e a r s   or  l e g s   19a  and  19b  w i th   a  

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

head  p o r t i o n   13a  of  t he   b a r - l i k e   i r o n   co re   13  i s   d i s p o s e d  

b e t w e e n   the  l e g s   19a  and  19b  wi th   a i r   gaps   20a  and  20b  b e i n g  

d e f i n e d   at   b o t h   s i d e s ,   r e s p e c t i v e l y .   A  movab le   b l o c k  

g e n e r a l l y   d e n o t e d   by  23  which   c o r r e s p o n d s   to  the  m o v a b l e  

e l e m e n t   12  of  t he   p r i o r   a r t   e l e c t r o m a g n e t i c   d r i v e   shown  i n  

F ig .   2  i s   composed   of   a  p e r m a n e n t   magne t   21  s a n d w i c h e d   b e t w e e n  

a  p a i r   of  m a g n e t i c   s i d e   p l a t e s   or  p o l e   p i e c e s   22a  and  22b  i n  

such  an  o r i e n t a t i o n   in   which   the  a x i s   of  m a g n e t i z a t i o n   of  t h e  

p e r m a n e n t   magne t   21  e x t e n d s   p e r p e n d i c u l a r l y   to  the  p l a t e s  

22a  and  22b.  Th i s   movab le   b l o c k   23  i s   g e n e r a l l y   in  a  C - l i k e  

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

b l o c k   23  c o n s t i t u t e d   by  the  m a g n e t i c   p o l e   p l a t e s   22a  and  2 2 b ,  

r e s p e c t i v e l y ,   a r e   p o s i t i o n e d   in  the  a i r   gaps   20a  and  20b 

s l i d e a b l y   in  t he   l a t e r a l   d i r e c t i o n s   as  i n d i c a t e d   by  a n  

d o u b l e - h e a d e d   a r r o w   Q-Q ' .   A  c o i l   14  i s   wound  a r o u n d   t h e  

b a r - l i k e   i r o n   c o r e   13.  When  the   c o i l   14  i s   e l e c t r i c a l l y  

e n e r g i z e d   in  one  d i r e c t i o n ,   the   co r e   13  i s   m a g n e t i z e d ,   w h e r e b y  

the   m o v a b l e   b l o c k   23  i s   c a u s e d   to  move  in  the  d i r e c t i o n  

i n d i c a t e d   by  the   a r r o w   Q. 

R e f e r r i n g   to  F i g s .   4  and  5,  a  r e f e r e n c e   n u m e r a l   30  

g e n e r a l l y   i n d i c a t e s   a  b o b b i n   or  s p o o l   which   i s   wound  w i t h   t h e  

c o i l   14  and  has   a  c o l l a r   31  at  which   a  t e r m i n a l   p o s t   32  i s  

p r o v i d e d   f o r   l e a d i n g   out   a  c o i l   c o n d u c t o r .   A  f r o n t   c o l l a r   33 

i s   p r o v i d e d   w i t h   a  p a i r   of  g u i d e   p r o j e c t i o n s   34a  and  34b  at  a  

same  h e i g h t ,   e a c h   of  the  gu ide   p r o j e c t i o n s   b e i n g   g e n e r a l l y   i n  



a  L - l i k e   c o n f i g u l a t i o n   each   h a v i n g   a  u p s t a n d i n g   v e r t i c a l e a r .  

A  n u m e r a l   35  d e n o t e s   a  r e c t a n g u l a r   t h r o u g h - h o l e   i n t o   w h i c h  

the  b a r - l i k e   i r o n   co re   13  h a v i n g   a  head  or  f r e e   end  p o r t i o n  

13a  is  i n s e r t e d .   In  the   s t a t e   in  which   the   b a r - l i k e   i r o n  

co re   13  i s   i n s e r t e d   i n t o   the  bore   35  of  the   c o i l   s p o o l   3 0 ,  

the  head   p o r t i o n   13a  b e a r s   on  the  o u t e r   s u r f a c e   of  the   c o l l a r  

33  and  p r o j e c t s   from  the  l a t t e r ,   w h i l e   the  o t h e r   end  p o r t i o n  

d e n o t e d   by  13b  s n u g l y   f i t t e d   in  a  t h r o u g h - h o l e   18  f o rmed   i n  

an  u p s t a n d i n g   wa l l   17  which   is   p r o v i d e d   a t   the   r e a r   end  of  t h e  

yoke  body  16  of  the  yoke  15,  as  v i ewed   in  F ig .   4.  In  t h i s  

s t a t e ,   the  yoke  body  16  e x t e n d s   in  p a r a l l e l   w i t h   the  i r o n   c o r e  

b a r   13  wound  w i t h   the  c o i l   14.  In  o p p o s i t i o n   to  the  end  o f  

the  yoke  body  16  at  which   the  u p s t a n d i n g   w a l l   17  is  f o r m e d .  

t h e r e   are   f o rmed   a  p a i r   of  the   u p s t a n d i n g   o p p o s i t e   p o l e   p l a t e s  

19a  and  19b  m e n t i o n e d   above  which  may  be  r e a l i z e d   by  b e n d i n g  

u p w a r d l y   the  l a t e r a l   arms  of  the  g e n e r a l l y   T - l i k e   yoke  b o d y  

16.  The  head   or  f r e e   end  p o r t i o n   13a  of  the  b a r - l i k e   i r o n  

co re   13  i s   p o s i t i o n e d   at  a  c e n t e r   b e t w e e n   the  u p s t a n d i n g   p o l e  

p l a t e s   19a  and  19b,  w h e r e b y   a i r   gaps  or   w o r k i n g   gaps  20a  a n d  

20b  are   d e f i n e d   b e t w e e n   the  i n n e r   s u r f a c e   of  the  u p s t a n d i n g  

p o l e   p l a t e   19a  and  one  s i d e   s u r f a c e   of  the   c o r e   end  p o r t i o n  

13a  on  one  hand  and  b e t w e e n   the  i n n e r   s u r f a c e   of  t h e  

u p s t a n d i n g   p l a t e   19b  and  the  o t h e r   s i d e   s u r f a c e   of  the   e n d  

p o r t i o n   13a  on  the  o t h e r   hand .   As  d e s c r i b e d   h e r e i n b e f o r e ,   t h e  

movable   b l o c k   23  is   c o n s t i t u t e d   by  the  p e r m a n e n t   magne t   21  a n d  

the  p a i r   of  m a g n e t i c   s i d e   p l a t e s   ( p o l e   p i e c e s )   22a  and  22b 

b e t w e e n   wh ich   the  p e r m a n e n t   magnet   21  i s   s a n d w i c h e d   w i t h   t h e  



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

p l a t e s   23a  and  23b.  The  movab le   b l o c k   23  t hus   a s s e m b l e d   i s  

g e n e r a l l y   in  a  C - l i k e   c o n f i g u l a t i o n   as  from  the  above   a n d  

h e l d   t o g e t h e r   by  a  f r a m e - l i k e   h o l d e r   g e n e r a l l y   d e n o t e d   by  26 

in  s u c h   a  manner   in   which   l o w e r   p o r t i o n s   of   the   m a g n e t i c   s i d e  

or  p o l e   p l a t e s   22a  and  22b  a re   e x p o s e d   o u t w a r d l y   from  the  h o l d e r  

26  t o w a r d s   the  r e a r   as  shown  in  F i g . 5 .   The  f r a m e - l i k e  

h o l d e r   26  has  arms  24a  and  24b  formed  at   an  u p p e r   end  t h e r e o f  

and  e x t e n d i n g   in  l a t e r a l   d i r e c t i o n s ,   r e s p e c t i v e l y .   These  a r m s  

24a  and  24b  have  r e s p e c t i v e   l o w e r   edges   fo rmed   w i t h   n o t c h e s   2 5 a  

and  25b.   When  the  arms  24a  and  24b  are   s l i d e a b l y   p l a c e d   in  t h e  

L - l i k e   g u i d i n g   p r o j e c t i o n s   34a  and  34b  of  the  f r o n t   c o l l a r   33  

of  the   c o i l   s p o o l   3Q  m e n t i o n e d   h e r e t o f o r e ,   the   m a g n e t i c   p o l e  

p i e c e s   22a  and  22b  of   the   m o v a b l e   b l o c k   26  a re   m o v a b l y  

p o s i t i o n e d   w i t h i n   t he   a i r   gaps   22a  and  22b  d e f i n e d   b e t w e e n   t h e  

c o r e   end  p o r t i o n   13  and  the   u p s t a n d i n g   o p p o s i t e   m a g n e t i c   p l a t e s  

19a  and  19b,  r e s p e c t i v e l y .   In  t h i s   s t a t e ,   movable   c o n t a c t  

p l a t e s   or  b a r s   50a  and  50b  of   r e l a y   c o n t a c t   m e c h a n i s m s   49a  a n d  

49b  e n g a g e   in  the  n o t c h e s   25a  and  25b,  r e s p e c t i v e l y ,   of  t h e  

arms  24a  and  24b  of  t he   h o l d e r   f rame  26.  A  r e f e r e n c e   n u m e r a l  

38  d e n o t e s   a  c o v e r   wh ich   i s   on  the  r e l a y   s t r u c t u r e   g e n e r a l l y  

d e s i g n a t e d   by  3 9 .  

Next ,   d e s c r i p t i o n   w i l l   be  made  of  a  manner   in  w h i c h  

the   c o i l   s p o o l   a s s e m b l y   30  i s   combined   w i t h   a  t e r m i n a l - p i n  

c a r r y i n g   base   p l a t e   37  by  a l s o   r e f e r r i n g   to  F ig .   6  and  7  i n  

wh ich   s e v e r a l   c o m p o n e n t s   such   as  the  t e r m i n a l - p i n s ,   c o r e s  

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



the   d r a w i n g s .   The  t e r m i n a l - p i n   c a r r y i n g   ba se   p l a t e   37  has  a  

top  s u r f a c e   37a  on  wh ich   an  e n g a g i n g   p r o j e c t i o n   40  h a v i n g   a  

l a t c h   h o l e   40a  i s   f o r m e d   a t   a  p o s i t i o n   c l o s e r   to  the   f r o n t  

edge  of  the   base   p l a t e   37,  as  v i ewed   in  F i g s .   5  and  7 .  

A l t h o u g h   the  l a t c h   h o l e   or  a p e r t u r e   40a  i s   of  an  e l o n g a t e d  

r e c t a n g u l a r   form  in  the  c a s e   of  the  i l l u s t r a t e d   e m b o d i m e n t ,  

the   shape   of  the   ho l e   40a  may  be  m o d i f i e d   as  to  comply   w i t h  

the  c o n f i g u r a t i o n   of  f l e x i b l e   l o c k i n g   members  43  and  4 4  

d e s c r i v e d   h e r e i n a f t e r .   The  base   p l a t e   40  has  a  r e a r   edge  i n  

which   a  p a i r   of  j a w - l i k e   o f f s e t   p o r t i o n s   41a  and  41b  a r e  

fo rmed   a t   bo th   s i d e s ,   r e s p e c t i v e l y , w i t h   a  c e n t r a l   o f f s e t   p o r -  

t i o n   42  b e i n g   fo rmed   b e t w e e n   the  l a t e r a l   o f f s e t   p o r t i o n s   4 1 a  

and  41b.  The  f r o n t   c o l l a r   33  has  a  p a i r   of  f l e x i b l e   o r  

d e f o r m a b l e   p r o j e c t i n g   p i e c e s   43  and  44  fo rmed   at  the  b o t t o m  

end  and  p r o j e c t i n g   f o r w a r d l y   in  p a r a l l e l   w i t h   each  o t h e r .  

The  f l e x i b l e   p r o j e c t i n g   p i e c e s   43  and  44  have  r e s p e c t i v e  

f r e e   ends   fo rmed   w i th   s l a n t e d   s i de   s u r f a c e s   43a  and  4 4 a  

t p e r e d   t o w a r d s   the  t i p s   so  as  to  d e f i n e   s t o p p e r   s u r f a c e s   43b  

and  44b,  r e s p e c t i v e l y .   On  the  o t h e r   hand,   the   l ower   p o r t i o n  

of  the  r e a r   c o l l a r   31  i s   f o r m e d   i n t e g r a l l y   w i t h   a  t e r m i n a l  

h o l d e r   31a  in  which  s u p p o r t i n g   O f f s e t   p o r t i o n s   45  a re   f o r m e d  

at   b o t h   s i d e s   w i th   a  r e c e s s   46  b e i n g   f o rmed   at  a  c e n t e r  

b o t t o m   p o r t i o n   of  the   c o l l a r   31,  as  is  c l e a r l y   shown  in  F i g . 6 .  

I t   i s   now  a s s u m e d   t h a t   a  d i s t a n c e   b e t w e e n   the   p a i r  

of   the   f l e x i b l e   p r o j e c t i n g   p i e c e s   43  and  44  is   r e p r e s e n t e d   b y  

A,  the  t h i c k n e s s   of  wh ich   i s   r e p r e s e n t e d   by  B,  and  t h a t   t h e  

w i d t h   of  the  l a t c h   h o l e   40a  of  the  e n g a g i n g   p r o j e c t i o n   40  i s  



r e p r e s e n t e d   by  A'  w i t h   the  h e i g h t   of   the  h o l e   40a  b e i n g  

r e p r e s e n t e d   by  B ' ,   as  i s   shown  in  F ig .   6.  F u r t h e r ,   t h e  

d i s t a n c e   b e t w e e n   the   l e v e l   of   the   o f f s e t   p o r t i o n   45  and  t h e  

top  s u r f a c e   of  the  r e c e s s   46  i s   r e p r e s e n t e d   by  C  w h i l e   t h e  

t h i c k n e s s   of  the  j a w - l i k e   o f f s e t   p o r t i o n   41a,   41b  i s  

r e p r e s e n t e d   by  C ' .   Then,   t h e s e   d i m e n t i o n s   A,  B,  A' ,   B ' ,   C 

and  C'  a re   so  s e l e c t e d   as  to  s a t i s f y   the  f o l l o w i n g   c o n d i t i o n s :  

On  t h e s e   c o n d i t i o n s ,   the  c o i l   s p o o l   a s s e m b l y   3 0  

is   a s s e m b l e d   w i t h   the  t e r m i n a l - p i n   ( p o s t )   c a r r y i n g   base   p l a t e  

37  by  moving  the  c o i l   s p o o l   a s s e m b l y   30  in   s l i d i n g   c o n t a c t  

w i t h   the   top  s u r f a c e   37a  of  t he   p in   c a r r y i n g   base   p l a t e   3 0  

so  t h a t   the  f l e x s i b l e   p r o j e c t i n g   p i e c e s   43  and  44  are   i n s e r t e d  

t h r o u g h   the  l a t c h   h o l e s   40a,   the   j a w - l i k e   o f f s e t   p o r t i o n s  

41a  and  41b  a re   c o m p l e m e n t a r i l y   e n g a g e d   w i t h   the  s u p p o r t i n g  

o f f s e t   p o r t i o n s   45,  r e s p e c t i v e l y ,   and  t h a t   the   c e n t r a l  

p r o j e c t i o n   42  i s   f i t t e d   i n t o   the   r e c e s s   46.  I t   w i l l   b e  

n o t e d   t h a t   when  the  f l e x i b l e   p r o j e c t i n g   p i e c e s   43  and  44  a r e  

i n s e r t e d   i n t o   the  l a t c h   h o l e   40a,   the   t a p e r e d   s u r f a c e s   43a  a n d  

44a  b e a r   on  bo th   l a t e r a l   i n n e r   s u r f a c e s   of  the  e n g a g i n g   p r o j e c -  

t i o n   40  to  be  r e s i l i e n t l y   d e f o r m e d   t o w a r d   each  o t h e r .   A f t e r  

h a v i n g   p a s s e d   t h r o u g h   the   h o l e   40a,   the   p r o j e c t i n g   p i e c e s  

43  and  44  are   r e s t o r e d   to  the   o r i g i n a l   s t a t e   due  to  a n  

i n t r i n s i c   e l a s t i c   r e s t o r i n g   f o r c e .   Then,   the   s t o p p e r s   4 3 a  

and  43b  s n u g l y   engage   w i t h   the   p r o j e c t i o n   40  to  p o s i t i v e l y  

m a i n t a i n   the  e n g a g e d   s t a t e s   b e t w e e n   the  j a w - l i k e   o f f s e t s   4 1 a  



and  41b  and  the  s u p p o r t i n g   o f f s e t s   45  on  one  hand  and  b e t w e e n  

the   c e n t e r   p r o j e c t i o n   42  and  the  r e c e s s   46  on  the   o t h e r   h a n d ,  

w h e r e b y   the  c o i l   s p o o l   a s s e m b l y   30  i s   i n t e g r a l l y   and  f i x e d l y  

c o m b i n e d   w i t h   the  t e r m i n a l - p i n   c a r r y i n g   ba se   p l a t e   37.  T h i s  

a s s e m b l i n g   can  be  o f f h a n d   a c c o m p l i s h e d   t h r o u g h   a  s i n g l e   s t r o k e  

of  job  in  a  much  f a c i l i t a t e d   manner   w i t h o u t   f a i l .   A d d i t i o n a l l y ,  

the  r e l a t i v e   p o s i t i o n i n g   of  the  c o i l   s p o o l   a s s e m b l y   30  a n d  

the  base   p l a t e   37  can  be  a t t a i n e d   w i t h   h i g h   p r e c i s i o n .  

R e f e r e n c e   n u m e r a l s   32  and  47  d e n o t e   t e r m i n a l   p o s t s   to  w h i c h  

l e a d s   30a  and  30b  of  the   c o i l   wound  on  the  s p o o l   a re   c o n n e c t e d  

by  s o l d e r i n g   or  the   l i k e   means.   A  r e f e r e n c e   n u m e r a l   48  g e n e r a l l y  

d e n o t e s   a  c o n t a c t   m e c h a n i s m   c o m p r i s i n g   movab le   c o n t a c t s   a n d  

s t a t i o n a r y   c o n t a c t s .  

In  the  h i t h e r t o   known  e l e c t r o m a g n e t i c   r e l a y   a p p a r a t u s ,  

i t   i s   common  t h a t   the   c o i l   t e r m i n a l - p i n   or  p o s t   i s   a n c h o r e d  

in  the  t e r m i n a l - p i n   c a r r y i n g   base   p l a t e   37.  In  c o n t r a s t ,   i n  

the  ca se   of  the   i l l u s t r a t e d   embod imen t   of  the  p r e s e n t   i n v e n t i o n ,  

the  c o i l   t e r m i n a l   p i n   47  i s   mounted   on  the   t e r m i n a l   h o l d e r   3 1 a  

fo rmed   i n t e g r a l l y   in  the   c o l l a r   31  of  the  c o i l   s p o o l   a s s e m b l y  

30,  the   r e a s o n   f o r   e h i c h   w i l l   be  m e n t i o n e d   b e l o w .   In  the  c a s e  

where  the  c o i l   t e r m i n a l   p in   or  poe t   37  is   a n c h o r e d   in  the  b a s e  

p l a t e   37  as  in  the  c o n v e n t i o n a l   e l e c t r o m a g n e t i c   r e l a y ,   t h e  

c o i l   l e a d   30b  i s   a l l o w e d   to  be  c o n n e c t e d   to  the   c o i l   t e r m i n a l  

p in   32  by  s o l d e r i n g   or  the  l i k e   on ly   a f t e r   the   c o i l   s p o o l  

a s s e m b l y   30  has  been   s e c u r e d   to  the  ba se   p l a t e   37.  As  t h e  

c o n s e q u e n c e ,   a  d e l i c a t e   work  of  c o n n e c t i n g   the  c o i l   l e a d   30b  

to  the  t e r m i n a l   p i n   or  p o s t   32  by  s o l d e r i n g   must   be  p e r f o r m e d  



in  a  much  r e s t r i c t e d   or  n a r r o w   s p a c e ,   g i v i n g   r i s e   to  a  

p r o b l e m   or   d i f f i c u l t y   c o n c e r n i n g   the   a s s e m b l i n g   of  the  r e l a y  

a p p a r a t u s ,   p a r t i c u l a r l y   in  c o n n e c t i n g   the  l e a d   to  the  t e r m i n a l .  

On  the   c o n t r a r y ,   in  the  case   of   the   i l l u s t r a t e d   e m b o d i m e n t  

of  the   i n v e n t i o n ,   s i n c e   the   c o i l   t e r m i n a l   p i n   32  i s   m o u n t e d  

on  the  t e r m i n a l   h o l d e r   31  fo rmed   in  the   c o l l a r   31  of  the  s p o o l  

30,  s o l d e r i n g   of  the   c o i l   l e a d   to  the   t e r m i n a l   32  can  b e  

c a r r i e d   ou t   b e f o r e   the   c o i l   s p o o l   a s s e m b l y   30  i s   mounted   o n  

the   b a s e   p l a t e   37.  Thus,   the   c o n n e c t i o n   of  the   c o i l   l e a d   t o  

the   a s s o c i a t e d   t e r m i n a l   p i n   can  be  r e a l i z e d   v e r y   e a s i l y  

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

A d d i t i o n a l l y ,   the  a n c h o r i n g   of  the   c o i l   t e r m i n a l   p i n  

32  in  t he   t e r m i n a l   h o l d e r   31a  i n c r e a s e s   t he   r i g i d i t y   of  t h e  

m o u n t e d   t e r m i n a l   p in   32.  This   w i l l   be  e x p l a i n e d   be low.   I t   i s  

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

p l a t e   37  i s   r e p r e s e n t e d   by  H'  w h i l e   t h a t   of  the  t e r m i n a l   h o l d e r  

31a  i s   r e p r e s e n t e d   by  H.  Then,  the   r i g i d i t y   can  be  a s s u r e d  

by  s e l e c t i n g   the  d i m e n t i o n a l   r e l a t i o n s h i p   such   t h a t   H  >  H ' .  

The  r e a s o n   w i l l   be  c l e a r l y   s een   f rom  F i g .   7.  S ince   the  t o p  

s u r f a c e   31b  of  the  t e r m i n a l   h o l d e r   31a  must   be  h i g h e r   t han   t h e  

top  s u r f a c e   37a  of  the  base   p l a t e   37  In  o r d e r   t h a t   the  c e n t e r  

p r o j e c t i o n   42  can  be  f i t t e d   in  the   r e c e s s   46,  the  c o n d i t i o n  

t h a t   H > H '   can  be  r e a d i l y   r e a l i z e d .   I t   i s   t h e n   a p p a r e n t   t h a t  

the   r i g i d i t y   of  the   c o i l   t e r m i n a l   p i n   32  a n c h o r e d   in  the  t e r m i -  

na l   h o l d e r   p o r t i o n   31a  of  a  g r e a t e r   t h i c k n e s s   H  is   e n h a n c e d  

when  c o m p a r e d   w i t h   the  c o i l   t e r m i n a l   p i n   a n c h o r e d   in  the  b a s e  

p l a t e   of   a  s m a l l e r   t h i c k n e s s   H ' .  



In  t he   l a t c h i n g   t ype   e l e c t r o m a g n e t i c   r e l a y   a p p a r a t u s  

of  the   s t r u c t u r e   d e s c r i b e d   a b o v e ,   t he   f r e e   end  or  head   p o r t i o n  

13a  of  the   c o r e   13  i s   p o l a r i z e d   in  the   s o u t h   (S)  p o l a r i t y   w h e n  

the  c o r e   13  i s   m a g n e t i z e d   in  the  d i r e c t i o n   i n d i c a t e d   by  t h e  

a r row  P  by  s u p p l y i n g   the  c u r r e n t   to  the   c o i l   14  in  the  c o r r e s -  

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

p l a t e s   19a  and  19b  of  the  yoke  15  a re   p o l a r i z e d   in  n o r t h   (N)  

p o l a r i t y ,   r e s u l t i n g   in  t h a t   the  m o v a b l e   b l o c k   23  i s   moved  i n  

the  d i r e c t i o n   i n d i c a t e d   by  the  a r r o w   Q,  as  i s   shown  i n  

F ig .   3.  I t   w i l l   be  r e a d i l i   u n d e r s t o o d   t h a t   the  l a t e r a l   m o v e -  

ment  of   the   b l o c k   23  i s   a c c o m p a n i e d   by  the  movement  of  t h e  

movab le   c o n t a c t s   50a  and  50b  to  make  or   b r e a k   the  c i r c u i t  

w i th   the   s t a t i o n a r y   c o n t a c t s   49a  and  4 9 b .  

F i g .   8  shows  a  s e c o n d   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 .   In  the  ca se   of  the  l a t c h i n g   type   e l e c t r o m a g n e t i c  

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

b a r - l i k e   c o r e   53  wound  w i t h   a  c o i l   14  i s   fo rmed  i n t e g r a l l y  

w i t h   a  yoke  body  56  to  c o n s t i t u t e   a  yoke  g e n e r a l l y   d e s i g n a t e d  

by  55  in  wh ich   the  core   7  is   j u x t a p o s e d   in  p a r a l l e l   w i t h   t h e  

yoke  body  56.  The  o t h e r   end  p o r t i o n   of   the  yoke  body  56  i s  

b i f u r c a t e d   i n t o   a  p a i r   of  o p p o s i t e l y   f a c i n g   po l e   p l a t e s   5 7 a  

and  57b  w i t h   a  d i s t a n c e   t h e r e b e t w e e n   which  is  l a r g e   e n o u g h  

to  a c c o m m o d a t e   the  head  or  end  p o r t i o n   53a  of  the  c o r e   5 3 .  

The  o p p o s i t e   p o l e   p l a t e s   57a  and  57b  a re   i n t e g r a l l y   c o n n e c t e d  

to  each   o t h e r   by  a  c o n n e c t i n g   web  58  e x t e n d i n g   be low  the   c o r e  

end  p o r t i o n   53a.   The  i n n e r   s u r f a c e   or  wall  56a  of  the   y o k e  

body  56  i s   r e t r a c t e d   from  the  end  f a c e   of  the   po le   p l a t e   5 7 a  



so  as  to  make  a v a i l a b l e   a  s p a c e   f o r   a c c o m m o d a t i n g   the   c o i l  

14  even   of  a  l a r g e   d i a m e t e r .   A  r e f e r e n c e   n u m e r a l   23 

g e n e r a l l y   d e n o t e s   a  movable   b l o c k   c o n s t i t u t e d   by  a  p e r m a n e n t  

m a g n e t   21  and  a  p a i r   of   p o l e   p l a t e s   or  p i e c e s   22a  and  22b 

b e t w e e n   w h i c h   the  p e r m a n e n t   magne t   21  i s   f i x e d l y   mounted   i n  

the   end  a b u t t i n g   r e l a t i o n  I n   a  g e n e r a l   C - l i k e   c o n f i g u r a t i o n .  

The  p o l e   p i e c e s   22a  and  22b  a re   l a t e r a l l y   movably   d i s p o s e d  

w i t h i n   a i r   gaps   ( w o r k i n g   gap)  d e f i n e d   b e t w e e n   the   co r e   e n d  

p o r t i o n   53a  and  the  o p p o s i t e l y   f a c i n g   p o l e   p l a t e s   or  l e g s   5 7 a  

and  57b,  r e s p e c t i v e l y .   The  movab le   b l o c k   23  i s   s e c u r e d   in  a  

h o l d e r   f r ame   26  to  which  the  movab le   c o n t a c t   p l a t e s   50a  a n d  

50b  of  the   c o n t a c t s   49a  and  49b  d e s c r i b e d   h e r e i n b e f o r e   i n  

c c n k u n c t i o n   w i t h   the  f i r s t   e m b o d i m e n t   a re   c o n n e c t e d   so  t h a t  

the  c o n t a c t s   49a  and  49b  are   o p e n e d   or  c l o s e d   upon  m o v e m e n t  

of   the   m o v a b l e   b l o c k   23.  When  the  c o i l   14  i s   e x c i t e d   in  t h e  

d i r e c t i o n   i n d i c a t e d   by  an  a r r o w   P  in  the   s t a t e   of  the   m o v a b l e  

b l o c k   23  shown  in  F ig .   8,  the  co r e   head   or  end  p o r t i o n   53a  i s  

m a g n e t i z e d   w i t h   the  s o u t h   (S)  p o l a r i t y   w h i l e   the   o p p o s i t e l y  

f a c i n g   p l a t e s   57a  and  57b  a re   m a g n e t i z e d   in  the   n o r t h   (N)  

p o l a r i t y .   Thus ,   the   movable   b l o c k   23  i s   c a u s e d   to  move  i n  

the   d i r e c t i o n   i n d i c a t e d   by  an  a r r o w   Q,  r e s u l t i n g   in  t h a t   t h e  

p o l e   p i e c e   22b  b e i n g   a t t r a c t e d   t o  t h e   p l a t e   57b  w i th   t h e  

p o l e   p i e c e   22a  b e i n g   a t t r a c t e d   to  the   co r e   end  p o r t i o n   5 3 a .  

S t a r t i n g   f rom  t h i s   s t a t e ,   e n e r g i z a t i o n   of  the  c o i l   14  in  t h e  

d i r e c t i o n   i n d i c a t e d   by  an  a r r o w   P'  c a u s e s   the  movable   b l o c k   23 

to  be  moved  in  t h e d i r e c t i o n   i n d i c a t e d   by  an  a r r o w   Q'  to  b e  

r e s e t   to   the   o r i g i n a l   p o s i t i o n   shown  in   F ig .   8 .  



Fig .   9  shows  an  e l e c t r o m a g n e t i c   d r i v e   a p p a r a t u s  

of  l a t c h i n g   type   a c c o r d i n g   to  a  t h i r d   e x e m p l a r y   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  s t r u c t u r e   of  the   e l e c t r o m a g n e t i c  

d r i v e   shown  in  F ig .   9  i s   b a s i c a l l y   i d e n t i c a l   w i t h   t h a t   of  t h e  

e l e c t r o m a g n e t i c   a p p a r a t u s   shown  in  F ig .   3  e x c e p t   t h a t   t h e  

c o n n e c t i n g   web  of  the  o p p o s i t e l y   d i s p o s e d   p o l e   p l a t e s   1 9 a  

and  19b  i s   c o n n e c t e d   t o t h e   yoke  body  16  t h r o u g h   an  o f f s e t  

p o r t i o n   59,  as  shown  in  F ig .   9 ( b ) .   This   s t r u c t u r e   is   e f f e c t i v e  

to  p r e v e n t   the  c o i l   14  of  a  l a r g e   d i a m e t e r   wound  on  t h e  

b a r - l i k e   i r o n   co re   13  from  i n t e r f e r i n g   w i t h   the  yoke  body  1 6 .  

F i g s .   10  to  12  shows  a  f o u r t h   embod imen t   of  t h e  

p r e s e n t   I n v e n t i o n .   A l t h o u g h   the   e l e c t r o m a g n e t i c   d r i v e   a p p a r a t u s  

a c c o r d i n g   to  the   i n s t a n t   e m b o d i m e n t   i s   b a s i c a l l y   of  the  same  

s t r u c t u r e   as  t h a t   of  the   f i r s t   e m b o d i m e n t ,   the   f o r m e r   d i f f e r s  

from  the   l a t t e r   in  t h a t   a  p a i r   of  m a g n e t i c a l l y   s h i e l d i n g  

p l a t e s   60a  and  60b  a re   moun ted   on  the  head   o r  e n d   p o r t i o n   o f  

the  c o r e   13  at   b o t h   s i d e s   in  o p p o s i t i o n   to  each   o t h e r ,   t h e  

c o r e   13  b e i n g   wound  w i t h   a  c o i l   14.  In  t h i s   c o n n e c t i o n ,   i t   i s  

to  be  n o t e d   t h a t   the  m a g n e t i c a l l y   s h i e l d i n g   p l a t e   60a  is   t h i c k e r  

t h a n   t he   o t h e r   p l a t e   60a,   and  b o t h   p l a t e s   a re   p r e s s - f i t t e d   i n  

r e c e s s e s   61a  and  61b  f o r m e d   in  the  co re   13  so  t h a t   the  e x p o s e d  

s u r f a c e s   of  b o t h   s h i e l d   p l a t e d   60a  and  60b  a re   l o c a t e d  

e q u i d i s t a n t   from  the  c e n t e r   a x i s   of  the  co re   13,  as  i s  

shown  in  F ig .   1 1 ( a ) .   Th i s   co r e   s t r u c t u r e   i s   emp loyed   in  t h e  

m o n o s t a b l e   t ype   r e l a y ,   as  d e s c r i b e d   h e r e i n a f t e r .   S u c h  

p r e s s - f i t t i n g   can  e a s i l y   p r a c t i c e d   in  view  of  the  f a c t   t h a t  

the  m a g n e t i c a l l y   s h i e l d i n g   p l a t e   i s   u s u a l l y   of  s t a i n l e s s   s t e e l  

w h i l e   the   co r e   i s   g e n e r a l l y   of  s o f t   i r o n .   On  the  o t h e r   h a n d ,  



Fig .   11 (b)  shows  a  l a t c h i n g   type   co re   s t r u c t u r e   113  in  w h i c h  

m a g n e t i c a l l y   s h i e l d i n g   p l a t e s   160a  and  160b  of  a  s u b s t a n t i a l l y  

same  t h i c k n e s s   are   p r e s s - f i t t e d   in  the  r e c e s s e s   161a  a n d  

161b,  r e s p e c t i v e l y .   A c c o r d i n g l y ,   when  the   m a g n e t i c a l l y   s h i e l -  

d i n g   p l a t e s   160a  and  160b  of  d i f f e r e n t   t h i c k n e s s   a re   p r e s s -  

f i t t e d   in  the  r e c e s s e s   161a  and  161b  of  the  i r o n   c o r e   113  

d e s t i n e d   to  be  u sed   in  the   l a t c h i n g   or  b i s t a b l e   t y p e  

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

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

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

60a  and  60b  may  be  r e a l i s e d   by  b o n d i n g   in  p l a c e   of  the   p r e s s -  

f i t t i n g .   In  a  v e r s i o n   shown  in  F ig .   1 2 ( a ) ,   a  r e c e s s   61a  i s  

fo rmed   o n l y   in  one  s i d e   s u r f a c e   of  the   i r o n   co re   13.  By 

m o u n t i n g   the   m a g n e t i c a l l y   s h i e l d i n g   p l a t e   6 l a   in  the  r e c e s s  

61a  w i t h   the  o t h e r   s h i e l d i n g   p l a t e   60b  b e i n g   bonded   o r  

w e l d e d   to  the   o t h e r   f l a t   s i d e   s u r f a c e   of  the   core   13,  t h e  

e x p o s e d   s u r f a c e   of  b o t h   the   s h i e l d i n g   p l a t e s   60a  and  60b  

can  be  p o s i t i o n e d   e q u i d i s t a n t l y   from  the   c e n t e r   a x i s   of  t h e  

i r o n   c o r e   13.  R e f e r r i n g   to  F ig .   1 2 ( b ) ,   t h e r e   is   shown  a  

s t r u c t u r e   of  the   i r o n   c o r e   113  used   f o r   a  l a t c h i n g   t y p e  

e l e c t r o m a g n e t i c   d r i v e   a p p a r a t u s   in  which  the   s h i e l d i n g   p l a t e s  

160a  and  160b  b o t h   of  a  same  t h i c k n e s s   a re   bonded   to  the  f l a t  

s i d e   s u r f a c e s   of  the   co r e   113,  r e s p e c t i v e l y .  

The  s t r u c t u r e   and  the  a c t i o n   of  the   movab le   b l o c k   23 

are   e q u i v a l e n t   to  t h o s e   of  the   p r e c e d i n g   e m b o d i m e n t s .  

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

r i b e d   j u s t   a b o v e ,   e x c i t a t i o n   of  the   c o i l   14  in  the  d i r e c t i o n  

i n d i c a t e d   by  an  a r r o w   P  c a u s e s   the  f r e e   end  (or   head )   p o r t i o n  



of  the  b a r - l i k e   i r o n   core   13  to  be  p o l a r i z e d   in  S  p o l a r i t y  

and  the  o p p o s i t e l y   f a c i n g   po l e   p l a t e s   19a  and  19b  l o c a t e d   a t  

the   b i f u r c a t e d   ends   of  the  yoke  body  16  a re   m a g n e t i z e d   in  N 

p o l a r i t y .   S i n c e   the  f r e e   end  p o r t i o n s   of   the   m a g n e t i c   p o l e  

p i e c e s   22a  and  22b  of  t h e  m o v a b l e   b l o c k   a re   m a g n e t i z e d   in  N 

and  S  p o l a r i t i e s ,   r e s p e c t i v e l y ,   u n d e r   the  a c t i o n   of  the  p e r m a -  

n e n t   magnet   21,  the  movable   b l o c k   23  is  t r a n s l a t e d   in  t h e  

d i r e c t i o n   i n d i c a t e d   by  an  a r row  Q  u n d e r   a t t r a c t i n g   and  r e p u l s -  

ing   f o r c e s   e x e r t e d   to  the  m a g n e t i c   p i e c e s   19a  and  19b.  At  t h a t  

t i m e ,   the  m o v a b l e   c o n t a c t   p l a t e s   l i n k e d   to  the   movable   b l o c k  

23  are   o p e r a t e d   to  c l o s e   n o r m a l l y   opened   c o n t a c t s .  

Upon  d e e n e r g i z a t i o n   of  the  c o i l   14,  the   m o v a b l e .  

b l o c k   23  i s   c a u s e d   to  move  in  the  d i r e c t i o n   i n d i c a t e d   by  a n  

a r row  Q'  u n d e r   the   i n t r i n s i c   r e s t o r i n g   f o r c e   of  the  m o v a b l e  

c o n t a c t   p l a t e   or  p a r   l i n k e d   to  the  b l o c k   23  as  w e l l   a s  

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

to  the  d i f f e r e n c e   in  t h i c k n e s s   b e t w e e n   the   s h i e l d i n g   p l a t e s  

60a  and  60b,  r e s u l t i n g   in  t h a t   the   n o r m a l l y   c l o s e d   c o n t a c t s  

a re   c l o s e d .   At  t h a t   t ime ,   a  m a g n e t i c   c i r c u i t   is  f o r m e d  

which   e x t e n d s   from  the  N  p o l e   of  the   p e r m a n e n t   magne t   21 

t h r o u g h   the  p l a t e   19a,  the  yoke   body  16,  the   i r o n   core   13,  t h e  

s h i e l d i n g   p l a t e   60b  and  the  po le   p i e c e   22b  to  the  S - p o l e   o f  

the   p e r m a n e n t  m a g n e t   21,  whereby   the  e l e c t r o m a g n e t   d r i v e   i s  

s t a b i l i z e d  i n   t h i s   r e s e t   s t a t e .   In  o t h e r   w o r d s ,   t h i s   e l e c t r o -  

m a g n e t , i c  d r i v e   p e r f o r m s   a  s o - c a l l e d   m o n o s t a b l e   o p e r a t i o n .  

F i g s .   13  to  17  show  an  e l e c t r o m a g n e t i c   d r i v e  

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



d r i v e   i s   s u b s t a n t i a l l y   i d e n t i c a l   w i t h   t h a t   of   the  f i r s t  

e m b o d i m e n t   d e s c r i b e d   h e r e i n b e f o r e .   R e f e r r i n g   to  F i g s .   13  

to  16,  a  c o i l   14  i s   wound  on  a  s p o o l   30  which   has   an  i r o n   c o r e  

13  i n s e r t e d   i n t o   a  c e n t e r   bore   35  to  be  t h e r e b y   c o m b i n e d  

i n t e g r a l l y   w i t h   a  yoke  15.  The  s t r u c t u r e   and  o p e r a t i o n   of  t h e  

movable   b l o c k   23  i s   b a s i c a l l y   same  as  t h o s e   of  the   p r e c e d i n g  

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

u n n e c e s s a r y .  

R e f e r r i n g   to  F ig .   16  in  p a r t i c u l a r ,   the   yoke  15  

is   i n s t a l l e d   on  a  t e r m i n a l - p i n   c a r r y i n g   b a s e   p l a t e   37  h a v i n g  

m e c h a n i c a l   c o n t a c t   s w i t c h e s   49a  and  49b  moun ted   a t   b o t h   s i d e s ,  

r e s p e c t i v e l y .   The  movab le   b l o c k   23  i s   m o u n t e d   movab ly   i n  

the  d i r e c t i o n s   i n d i c a t e d   by  a  d o u b l e - h e a d e d   a r r o w   Q-Q'  i n  

such  an  a r r a n g e m e n t   in  which   p r o j e c t i o n s   22c  and  22d  of  t h e  

po l e   p i e c e s   22a  and  22b  a re   d i s p o s e d   w i t h i n   a i r   gaps   d e f i n e d  

b e t w e e n   the   i r o n   c o r e   13  of  the  yoke  15  and  the   o p p o s i t e l y  

f a c i n g   p l a t e s   19a  of   the   yoke  body  16,  r e s p e c t i v e l y .   The  

p r o j e c t i o n s   22c  and  22d  of  the  po l e   p i e c e s   22a  and  22b  a r e  

p o s i t i o n e d   a t   d i f f e r e n t   h e i g h t s   so  t h a t   t he   a r e a   o v e r   w h i c h  

the  p r o j e c t i o n   22c  i s   b r o u g h t   i n t o   c o n t a c t   w i t h   the   p o l e  

p l a t e   19a  is   g r e a t e r   t h a n   the  a r e a   o v e r   which   the   p r o j e c t i o n  

22d  c o n t a c t s   w i t h   the   o t h e r   p l a t e   1 9 b .  

The  c o n t a c t s   49a  and  49b  have  r e s p e c t i v e   m o v a b l e  

c o n t a c t   b a r s   50a  and  50b  which  are   s e c u r e d   to  t e r m i n a l   p o s t s  

62a  and  62b,   r e s p e c t i v e l y ,   a t   r e a r   ends   t h e r e o f .   The  m o v a b l e  

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

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

f i x e d   c o n t a c t s .   The  movable   c o n t a c t   b a r s   50a  and  50b  a r e  



e n g a g e d   in  n o t c h e s   25a  and  25b  f o rmed   in  arms  24a  and  24b  o f  

the   h o l d e r   f rame  26  and  i m p a r t e d   w i t h   an  e l a s t i c   r e s t o r i n g  

f o r c e   so  t h a t   the   movable   c o n t a c t   b a r s   a re   b i a s e d   to  the   n o r -  

m a l l y   c l o s e d   p o s i t i o n .  

With  the  above  m e n t i o n e d   s t r u c t u r e   of  the   e l e c t r o -  

m a g n e t i c   r e l a y ,   the  movable   b l o c k   23  i s   d i s p l a c e d   in  t h e  

d i r e c t i o n   i n d i c a t e d   by  the  a r row  head   Q'  ( F i g .   13)  u n d e r   t h e  

i n t r i n s i c   r e s i l i e n t   r e s t o r i n g   f o r c e   of  the   movab le   c o n t a c t   b a r s  

50a  and  50b  in  the  d e e n e r g i z e d   s t a t e   of  the   magnet   c o i l ,  

w h e r e b y   the  c l o s e d   m a g n e t i c   p a t h   i s   f o r m e d   which   e x t e n d s   f r o m  

the  N - p o l e   of  the   p e r m a n e n t   magne t   2 1  ,   t h r o u g h   the  p o l e  

p i e c e   22a,   the   p l a t e   19a,  the   co re   13  and  the   p l a t e   19b  t o  

the   S - p o l e   of   the   p e r m a n e n t   magne t   21,  to  m a i n t a i n   the   m o v a b l e  

c o n t a c t s   at  the   n o r m a l l y   c l o s e d   p o s i t i o n .   In  t h i s   s t a t e ,   t h e  

m o v a b l e   b l o c k   23  i s   s t a b l e   ( r e f e r   to  F ig .   1 4 ) .  

S t a r t i n g   from  the  above  m e n t i o n e d   s t a t e ,   e x c i t a t i o n  

or  e n e r g i z a t i o n   of  the  c o i l   14  in  the   d i r e c t i o n   i n d i c a t e d   b y  

the   a r r o w   P  b r i n g s   a b o u t   a p p e a r a n c e   of  S - p o l a r i t y   in  t h e  

c o r e   head   ( f r e e   end)  p o r t i o n   13a  of  the   yoke  15  w h i l e   t h e  

end  p o r t i o n s   of  the  o p p o s i t e   p l a t e s   19a  and  19b  are   m a g n e t i z e d  

in  N - p o l a r i t y ,   as  the  r e s u l t   of  which   the  movab le   b l o c k   23 

i s   c a u s e d   to  move  in  the  d i r e c t i o n   i n d i c a t e d   by  the  a r r o w   Q 

( F i g .   13)  to  t h e r e b y   change   ove r   the  movab le   c o n t a c t s   f r o m  

the   n o r m a l l y   c l o s e d   p o s i t i o n   to  the  n o r m a l l y   opened   p o s i t i o n .  

Upon  r e m o v a l   of  the   e n e r g i z a t i o n ,   t he   i n t r i n s i c   s p r i n g  

f o r c e   ( r e s t o r i n g   f o r c e )   e x e r t e d   by  the   m o v a b l e   c o n t a c t   b a r s  

or  l e a v e s   50a  and  50b  o v e r c o m e s   the  m a g n e t i c   f o r c e   of  t h e  



m a g n e t i c   p a t h   which  e x t e n d s   f rom  the   N - p o l e   of  the  p e r m a n e n t  

magne t   21  t h r o u g h   the  po l e   p i e c e   22a,   the   co r e   13,  the   p l a t e  

19b  and  the  p o l e   p i e c e   22b  to  the  S - p o l e   of  the   magne t   2 1 .  

C o n s e q u e n t l y ,   the  movable   b l o c k   23  i s   r e s t o r e d   to  the   s t a r t i n g  

p o s i t i o n   u n d e r   the  r e s t o r i n g   s p r i n g   f o r c e ,   as  i n d i c a t e d   b y  

the   a r r o w   Q' .   In  t h i s   way,  the   e l e c t r o m a g n e t i c   r e l a y  

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

The  r e a s o n   why  the  r e s t o r i n g   s p r i n g   f o r c e   can  overcome  t h e  

m a g n e t i c   f o r c e   of  the  above  m e n t i o n e d   m a g n e t i c   c i r c u i t   can  b e  

e x p l a i n e d   by  the   f a c t   t h a t   t he   c o n t a c t i n g   a r e a s   b e t w e e n   t h e  

p o l e   p i e c e s   22a  and  the  c o r e   13  and  b e t w e e n   the  po l e   p i e c e  

22b  and  the   p l a t e   19b  are   r e d u c e d ,   as  d e s c r i b e d   h e r e i n b e f o r e .  

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

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

in  F i g .   17,  in   which   the  s t r o k e   of   the   movable   b l o c k   23  i s  

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

the   m o v a b l e   b l o c k   as  i t   moves  i s   t a k e n   a l o n g   the  o r d i n a t e .  

In  F i g .   17,  a  c u r v e   I  r e p r e s e n t s   l o a d   c h a r a c t e r i s t i c s ,   a  

c u r v e   It  r e p r e s e n t s   a t t r a c t i o n   c h a r a c t e r i s t i c s   upon  e x c i t a t i o n  

of  the   c o i l   and  a  cu rve   IV  r e p r e s e n t s   a t t r a c t i o n   c h a r a c t e r i s t i c  

of  the   p e r m a n e n t   magnet   21.  F u r t h e r ,   R1  and  R2  r e p r e s e n t s   a t  

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

r e s p e c t i v e   s t a t i o n a r y   c o n t a c t s .  

The  i n v e n t i o n   has   been   d e s c r i b e d   in  c o n j u n c t i o n   w i t h  

s e v e r a l   e x e m p l a r y   e m b o d i m e n t s .   I t   w i l l   howeve r   be  a p p r e c i a t e d  

t h a t   many  m o d i f i c a t i o n s   and  v a r i a t i o n s   r e a d i l y   o c c u r   to  t h o s e  

s k i l l e d   in   the   a r t   w i t h o u t   d e p e r t i n g   from  the  scope  a n d  



s p i r i t   of   the   i n v e n t i o n .   By  way  of  e x a m p l e ,   the  m o v a b l e  

b l o c k   23  may  be  so  c o n s t i t u t e d   as  to  p e r f o r m   r o t a t i o n a l   m o v e -  

ment  i n s t e a d   of  the  l i n e a r   d i s p l a c e m e n t .  



1.  An  e l e c t r o m a g n e t i c   d r i v e   a p p a r a t u s c o m p r i s i n g :  

an  e l e c t r o m a g n e t i c   yoke   composed   of   a  co re   and  a  

yoke  body  h a v i n g   one  end  of  one  m a g n e t i c   p o l a r i t y   and  t h e  

o t h e r   end  b i f u r c a t e d   i n t o   two  s e p a r a t e   p o r t i o n s   of  the   m a g n e t i c  

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

w o r k i n g   gaps   b e i n g   d e f i n e d   b e t w e e n   s a i d   one  end  and  s a i d  

b i f u r c a t e d   end  p o r t i o n s ,   r e s p e c t i v e l y ,   and  a  movable   b l o c k  

i n c o r p o r a t i n g   a  p e r m a n e n t   magne t   in  a  g e n e r a l l y   C - l i k e  

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

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

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

2.  An  e l e c t r o m a g n e t i c   d r i v e   a p p a r a t u s   a c c o r d i n g   t o  

c l a i m   1.  w h e r e i n   s a i d   co r e   and  s a i d   yoke  body  a re   v e r t i c a l l y  

so  p o s i t i o n e d   t h a t   l o n g i t u d i n a l   axes   t h e r o f   e x t e n d   s u b s t a n t i a l l y  

in  p a r a l l e l   w i t h   each   o t h e r .  

3.  An  e l e c t r o m a g n e t i c   d r i v e   a p p a r a t u s   a c c o r d i n g   t o  

c l a i m   1,  w h e r e i n   s a i d   co re   and  s a i d   yoke  body  a re   h o r i z o n -  

t a l l y   so  p o s i t i o n e d   t h a t   l o n g i t u d i n a l   axes   t h e r e o f   e x t e n d  

s u b s t a n t i a l l y   in  p a r a l l e l   w i t h   each   o t h e r .  

4.  An  e l e c t r o m a g n e t i c   d r i v e   a p p a r a t u s   a c c o r d i n g   t o  

c l a i m   2  or  3,  w h e r e i n   s a i d   b i f u r c a t e d   end  p o r t i o n s   a r e  

c o n n e c t e d   to  the   yoke  t h r o u g h   an  o f f s e t   p o r t i o n .  



5.  An  e l e c t r o m a g n e t i c   d r i v e   a p p a r a t u s   a c c o r d i n g   t o  

c l a i m   1.  2,  3,  or  4,  w h e r e i n   a  p a i r   of  m a g n e t i c a l l y  

s h i e l d i n g   p l a t e s   of  t h i c k n e s s e s   d i f f e r i n g   from  each  o t h e r  

are   mounted  on  the   c o r e   end  p o r t i o n   at  b o t h   s i d e s   t h e r e o f  

in  such  a  manner   in  wh ich   the   e x p o s e d   s u r f a c e   of  s a i d  

s h i e l d i n g   p l a t e s   a re   p o s i t i o n e d   e q u i d i s t a n t   from  the  c e n t e r  

a x i s   of  s a i d   c o r e .  

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

c l a i m   1,  2,  3,  or  4,  w h e r e i n   the  a r e a   ove r   which   the  m a g n e t i c  

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

the  b i f u r c a t e d   m a g n e t i c   p o l e s   of  s a i d   yoke  upon  a c t u a t i o n   o f  

s a i d   movable   b l o c k   i s   s e l e c t e d   s m a l l e r   t han   the  a r e a   o v e r  

which  the  o t h e r   m a g n e t i c   p o l e   of  s a i d   movable   b l o c k   i s  

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

m a g n e t i c   p o l e s   of  s a i d   yoke  upon  r e s t o r i n g   of  s a i d   m o v a b l e  

b l o c k .  

7.  A  p o l a r i z e d   e l e c t r o m a g n e t i c   r e l a y   a p p a r a t u s  

c o m p r i s i n g :  

an  e l e c t r o m a g n e t i c   yoke  composed   of  a  c o r e   and  a  

yoke  body  and  h a v i n g   one  end  p o r t i o n   of  one  m a g n e t i c   p o l a r i t y  

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

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

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

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

end  p o r t i o n s   so  as  to  c o o p e r a t e   to  form  a  p a i r   of  w o r k i n g  

g a p s ,   a  movable   b l o c k   i n c o r p o r a t i n g   a  p e r m a n e n t   magne t   in  a  



g e n e r a l l y   C - l i k e   c o n f i g u r a t i o n   and  h a v i n g   two  m a g n e t i c   p o l e  

p i e c e s   d i s p o s e d   w i t h i n   s a i d   w o r k i n g   gaps ,   r e s p e c t i v e l y ,  

g u i d i n g   means  movab le   b l o c k   so  t h a t   s a i d   p o l e   p i e c e s   a r e  

movab le   w i t h i n   s a i d   w o r k i n g   g a p s ,   r e s p e c t i v e l y ,   and  a  

c o n t a c t   mechan i sm  h a v i n g   movable   c o n t a c t s   m e c h a n i c a l l y  

c o u p l e d   to  s a i d   m o v a b l e   b l o c k .  

8.  A  p o l a r i z e d   e l e c t r o m a g n e t i c   r e l a y   a p p a r a t u s  

a c c o r d i n g   to  c l a i m   7,  w h e r e i n   a  p a i r   of  m a g n e t i c a l l y  

s h i e l d i n g   p l a t e s   of  t h i c k n e s s   d i f f e r i n g   from  each   o t h e r   a r e  

m o u n t e d   on  the   c o r e   a t   b o t h   s i d e s   t h e r e o f   in  such  a  m a n n e r  

in  wh ich   the   e x p o s e d   s u r f a c e s   of  s a i d   s h i e d i n g   p l a t e s   a r e  

p o s i t i o n e d   e q u i d i s t a n t   from  the   c e n t e r   a x i s   of  s a i d   c o r e .  

9.  A  p o l a r i z e d   e l e c t r o m a g n e t i c   r e l a y   a p p a r a t u s  

a c c o d i n g   to  c l a i m   7,  w h e r e i n   the  a r e a   ove r   wh ich   the  m a g n e t i c  

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

of  the  b i f u r c a t e d   m a g n e t i c   p o l e s   of   s a i d   yoke  upon  a c t u a t i o n  

of  s a i d   movab le   b l o c k   i s   s e l e c t e d   s m a l l e r   t h a n   the  a r e a   o v e r  

wh ich   the  o t h e r   m a g n e t i c   p o l e   of  s a i d   movable   b l o c k   i s  

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

p o l e   of   s a i d   yoke  upon  r e s t o r i n g   of  s a i d   movab le   b l o c k .  

10.  A  p o l a r i z e d   e l e c t r o m a g n e t i c   r e l a y   a p p a r a t u s   i n  

which   a  c o i l   s p o o l   a s s e m b l y   i s   d e s t i n e d   to  be  a s s e m b l e d   on  a  

t e r m i n a l   c a r r y i n g   b a s e   p l a t e   c o m p r i s i n g :  

a  c o i l   s p o o l   h a v i n g   a  p a i r   of  end  c o l l a r s ,   a  f l e x i b l e  



p r o j e c t i n g   p i e c e   fo rmed   in  one  of  s a i d   c o l l a r s   and  h a v i n g   a  

s t o p p e r ,   s u p p o r t i n g   o f f s e t   p o r t i o n s   fo rmed   in  the  o t h e r   c o l l a r  

of  s a i d   c o i l   s p o o l ,   t e r m i n a l   members  fo r   the  l e a d s   of  the  c o i l  

a n c h o r e d   in  s a i d   o t h e r   c o l l a r ,   a  l a t c h   p r o j e c t i o n   formed  i n  

the  top  s u r f a c e   of  s a i d   base   p l a t e   at  a  p o s i t i o n   n e a r   o n e  

end  t h e r e o f   and  h a v i n g   a  l a t c h   h o l e ,   j a w - l i k e   o f f s e t   p o r t i o n s  

fo rmed   in  s a i d   base   p l a t e   at   the   o t h e r   end  o p p o s i t e   to  s a i d  

one  end,   w h e r e i n   s a i d   c o i l   s p o o l   a s s e m b l y   is   f i x e d   mounted   o n  

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

p i e c e   w i t h   s a i d   l a t c h   ho l e   and  f i t t i n g   of  s a i d   j a w - l i k e   o f f s e t  

p o r t i o n s   of  s a i d   base   p l a t e   on to   s a i d   base   p l a t e   on to   s a i d  

s u p p o r t i n g   o f f s e t   p o r t i o n s   of  s a i d   s p o o l .  

11.  A  p o l a r i z e d   e l e c t r o m a g n e t i c   r e l a y   a p p a r a t u s  

a c c o r d i n g   to  c l a i m   l O w h e r e i n   the   h o l d e r   p o r t i o n   of  s a i d   c o l a r  

at  which   s a i d   t e r m i n a l   member  is   a n c h o r e d   is   of  t h i c k n e s s  

g r e a t e r   t han   t h a t   of  s a i d   base   p l a t e .  
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