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Electromagnetic  valve  for  fluid  flow  control. 
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An  electromagnetic  valve  (10)  for  controlling  fluid  flow 
comprises  a  magnetic  spherical  valve  member  (20)  mov- 
ably  disposed  in  a  fluid  chamber  (F,,  F2)  to  which  fluid  is 
admitted,  a  non-magnetic  valve  seat  member  (22)  on  which 
the  spherical  valve  member  (20)  is  seatable,  a  main  magne- 
tic  pole  member  (28a)  disposed  opposite  the  valve  seat 
member  (22)  and  in  close  proximity  to  the  spherical  valve 
member  (20)  to  attract  the  valve  member  thereto,  and  a  side 
magnetic  pole  member  (P)  disposed  around  the  spherical 
valve  member  (20)  and  in  close  proximity  to  the  valve  mem- 
ber,  the  side  magnetic  pole  member  (P)  being  spaced  from 
and  between  the  level  of  the  extreme  end  of  the  main  ma- 
gnetic  pole  member  (28a)  and  the  level  of  the  extreme  end 
of  the  valve  seat  member  (22),so  that  magnetic  field  formed 
between  the  main  and  side  magnetic  pole  members  (28a,  P) 
effectively  acts  on  the  spherical  valve  member  (20)  so  as 
to  shorten  the  response  time  and  stability  in  the  action  of 
the  electromagnetic  valve. 



T h i s   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   v a l v e  

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

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

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

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

In   c o n n e c t i o n   w i t h   an  e l e c t r o n i c a l l y   c o n t r o l l e d   f u e l  

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

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

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

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

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

c o n t r o l   t h e   f l o w   a m o u n t   of  t h e   f u e l   to   be  i n j e c t e d .  

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

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

s l i d a b l e   i n   an  e l o n g a t e   g u i d e   m e m b e r ,   and   r e q u i r e s   t o  

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

member   and   t h e   g u i d e   m e m b e r .  

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

v a l v e   of  t h e   t y p e   w h e r e i n   a  s p h e r i c a l   v a l v e   member   s e a t a b l e  

on  a  v a l v e   s e a t   i s   u s e d   to   c o n t r o l   t h e   f l o w ' a m o u n t   of  f u e l  

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

t y p e   h a s   a  s i g n i f i c a n t   a d v a n t a g e   i n   t h a t   an  a d e q u a t e  

f l u i d   s e a l   c an   be  m a i n t a i n e d   e v e n   i f   t h e   v a l v e   s e a t  



i s   p r o d u c e d   by  p r e s s   w o r k i n g .   T h e r e f o r e ,   s u c h   an  e l e c -  

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

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

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

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

e l o n g a t e   g u i d e   m e m b e r .  

H o w e v e r ,   e v e n   s u c h   an  e l e c t r o m a g n e t i c   v a l v e   u s i n g  
t h e   s p h e r i c a l   v a l v e   member   e n c o u n t e r s   t h e   f o l l o w i n g  

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

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

a c t s   on  t h e   s p h e r i c a l   v a l v e   m e m b e r .   C o n s e q u e n t l y ,   t h e  

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

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

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

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

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

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

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

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

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

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

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

on  w h i c h   t h e   m a g n e t i c   f o r c e   of  a  m a i n   m a g n e t i c   p o l e   i s  

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

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

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

p o l e   e v e n   when   moved   i n   t h e   d i r e c t i o n   t h e r e o f .  

I t   i s   a  m a i n   o b j e c t   of  t h e   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   v a l v e  w h i c h   i s  

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

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

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

m a k i n g   p o s s i b l e   h i g h   f r e q u e n c y   o p e n i n g   and   c l o s i n g   a n d  

i m p r o v i n g   t h e   d u r a b i l i t y   of  t h e   e l e c t r o m a g n e t i c   v a l v e .  



I t   i s   a n o t h e r   o b j e c t   of  t h e   p r e s e n t   i n v e n t i o n   t o  

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

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

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

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

m e m b e r .  

I t   i s   a  s t i l l   a n o t h e r   o b j e c t   of  t h e   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   v a l v e   i n  

w h i c h   a  s p h e r i c a l   v a l v e   member   c an   be  f i r m l y   s e a t e d   o n  

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

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

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

t o w a r d   t h e   v a l v e   s e a t .  

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

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   v a l v e   i n   w h i c h   a  

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

t h e   l a t e r a l   m o v e m e n t   of  a  s p h e r i c a l   v a l v e   member   i s  

r e s t r i c t e d   and   t h e   v a l v e   member   i s   g u i d e d  t o   be  c o r r e c t l y  

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

I t   i s   a  s t i l l   f u r t h e r   o b j e c t   of  t h e   p r e h e a 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   v a l v e   w h i c h   i s  

s u i t a b l e   f o r   u s e   i n   an  e l e c t r o n i c a l l y   c o n t r o l l e d   f u e l  

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

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

In   t h e   a c c o m p a n y i n g   d r a w i n g s : -  

F i g .   1  i s   a  c r o s s - s e c t i o n a l   v i e w   of  a  p r e f e r r e d  

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

t h e   p r e s e n t   i n v e n t i o n ;  

F i g .   2  i s   a  f r a g m e n t a r y   e n l a r g e d   s e c t i o n a l  v i e w  

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

1,  s h o w i n g   an  e x a m p l e   of  a  m a i n   m a g n e t i c   p o l e ;  

F i g .   3A  i s   a  b o t t o m   p l a n   v i e w   of  a n o t h e r   e x a m p l e  

of  t he   m a i n   m a g n e t i c   p o l e ,   as  v i e w e d   f r o m   t h e   d i r e c t i o n  

of  a  s p h e r i c a l   v a l v e   m e m b e r ;  



F i g .   3B  i s   a  c r o s s - s e c t i o n a l   v i e w   t a k e n   i n   t h e  

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

I I - I I ;   a n d  

F i g .   4  i s   a  c r o s s - s e c t i o n a l   v i e w   of  an  e s s e n t i a l  

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

R e f e r r i n g   now  to   F i g s .   1  a n d   2  of  t h e   d r a w i n g s ,  

t h e r e   i s   shown  a  p r e f e r r e d   e m b o d i m e n t   of  an  e l e c t r o m a g -  

n e t i c   v a l v e   10  i n   a c c o r d a n c e   w i t h   t h e   p r e s e n t   i n v e n t i o n ,  

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

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

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

v a l v e   10  i s   c o m p o s e d   of  a  b a s e   member   12  w h i c h   i s   f o r m e d  

w i t h   a  f l u i d   i n l e t   p a s s a g e   14  i n t o   w h i c h   a  f l u i d   i s   i n t r o -  

d u c e d   t h r o u g h   an  i n l e t   p i p e   16 .   The  b a s e   member   12  i s  

f u r t h e r   f o r m e d   w i t h   a  f l u i d   o u t l e t   p a s s a g e   16  f r o m   w h i c h  

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

o u t l e t   p i p e   1 8 .  

A  s p h e r i c a l   v a l v e   member   20  made  of  m a g n e t i c   m a t e r i a l  

i s   s e a t a b l e   on  a  v a l v e   s e a t   member   22 .   The  v a l v e   s e a t  

member   22  i s   made  of  n o n - m a g n e t i c   m a t e r i a l   a n d   d i s p o s e d  

s u c h   t h a t   a  l o w e r   p o r t i o n   (no  n u m e r a l )   t h e r e o f   i s  

e m b e d d e d   i n   t h e   b a s e   member   12  a n d   an  u p p e r   p o r t i o n  

(no  n u m e r a l )   t h e r e o f   p r o j e c t s   i n t o   a  r e c e s s   24  f o r m e d  

i n   t h e   t o p   s e c t i o n   of  t h e   b a s e   member   12 .   The  v a l v e   s e a t  

member   22  i s   g e n e r a l l y   c y l i n d r i c a l   and   f o r m e d   w i t h   a  

p a s s a g e   22a  w h i c h   f o r m s   p a r t   of  t h e   f u e l   o u t l e t   p a s s a g e   1 6 .  

A  g e n e r a l l y   c y l i n d r i c a l   c a s i n g   26  i s   s e c u r e d   to   t h e  

b a s e   member   12  i n   s u c h   a  m a n n e r   t h a t   a  b o t t o m   s e c t i o n   2 6 a  

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

24 .   A  m a g n e t i c   c o r e   28  i s   d i s p o s e d   i n   t h e   c a s i n g   26  a n d  

i n t e g r a l l y   p r o v i d e d   w i t h   a  l i d   s e c t i o n   30  w h i c h   c l o s e s   a n  

o p e n i n g   f o r m e d   i n   t h e   t o p   s e c t i o n   of  t h e  c a s i n g   26.   A n  

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

p h e r y   of  t h e   m a g n e t i c   c o r e   28  t h r o u g h   a  b o b b i n   3 4 .  

The  m a g n e t i c   c o r e   28  i s   f o r m e d   w i t h   a  t i p   p o r t i o n  



28a  w h i c h   s e r v e s   as   a  m a i n   m a g n e t i c   p o l e   when  e l e c t r i c  

c u r r e n t   i s   s u p p l i e d   to   t h e   m a g n e t i c   c o i l   32  and   t h e  

m a g n e t i c   c o r e   28  i s   e n e r g i z e d .   The  a x i s   of  t he   m a g n e t i c  

c o r e   28  i s   a l i g n e d   w i t h   t h a t   of  t h e   v a l v e   s e a t   member   2 2 a .  

The  c o r e   28  i s   p r o v i d e d   a t   i t s   t i p   p o r t i o n   28a  w i t h   a  

v a l v e   c o n t a c t   s u r f a c e   S1  w h i c h   i s   l o c a t e d   o p p o s i t e   to   a  

v a l v e   c o n t a c t   s u r f a c e   S2  of  t h e   v a l v e   s e a t   member   2 2 .  

I t   i s   to   be  n o t e d   t h a t   t h e   v a l v e   member   20  i s   m o v a b l y  

l o c a t e d   b e t w e e n   t h e   c o n t a c t   s u r f a c e s   S1  and   S2  and   t h e  

s t r o k e   of  t h e   v a l v e   member   20  i n   t h e   u p w a r d   and   d o w n w a r d  

d i r e c t i o n s   i s   r e s t r i c t e d   by  t h e   c o n t a c t i n g   s u r f a c e s  S 1  
and  S 2 .  

The  c a s i n g   20  i s   f o r m e d   w i t h   a  r a d i a l   a n n u l a r   s e c t i o n  

26b  w h i c h   s u r r o u n d s   t h e   v a l v e   member   20 .   The  i n n e r  

p e r i p h e r a l   p o r t i o n   P  of  t h e   a n n u l a r   s e c t i o n   26b  i s   s p a c e d  

f r o m   and   b e t w e e n   t he   l e v e l   of  t h e   e x t r e m e   end   of  t h e   t i p  

p o r t i o n   28a  of  t h e   m a g n e t i c   c o r e   28  and   t he   l e v e l   of  t h e  

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

22.   A d d i t i o n a l l y ,   t h e   i n n e r   p e r i p h e r a l   p o r t i o n   P  l i e s  

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

c o n t a c t s   t h e   v a l v e   member   20 .   The  r a d i a l   a n n u l a r   s e c t i o n  

26b  i s   so  a r r a n g e d   t h a t   t h e   a x e s   of  t he   m a g n e t i c   c o r e   2 8  

and   t h e   v a l v e   s e a t   member   14  a r e   p e r p e n d i c u l a r   to   t h e   f l a t  

s u r f a c e   (no  n u m e r a l )   of  t h e   r a d i a l   a n n u l a r   s e c t i o n   2 6 b .  

I t   i s   to   be  n o t e d   t h a t   t h e   i n n e r   p e r i p h e r a l   p o r t i o n   P  o f  

t h e   a n n u l a r   s e c t i o n   26b  i s   made  of  m a g n e t i c   m a t e r i a l   a n d  

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

f o r m e d   b e t w e e n   t h e   t i p   p o r t i o n   28a  of  t h e   c o r e   28  and   t h e  

i n n e r   p e r i p h e r a l   p o r t i o n   P .  

As  c l e a r l y   shown  i n   F i g .   2,  t h e   v a l v e   c o n t a c t i n g  

s u r f a c e s   S1  and   S2  a r e   f r u s t o - c o n i c a l   or  p a r t - s p h e r i c a l .  

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

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

i s   r e s t r i c t e d   as   s e e n   f r o m   one  i n d i c a t e d   i n   p h a n t o m   i n  

F i g .   2.  F u r t h e r m o r e ,   by  v i r t u e   of  t h e   s h a p e s   of  t h e  



c o n t a c t i n g   s u r f a c e s   S1  and   S2,  t h e   v a l v e   m e m b e r   20  c a n  

be  c o r r e c t l y   s e a t e d   on  t h e   c o n t a c t i n g   s u r f a c e s   S1  and   S 2 .  
As  c l e a r l y   s e e n   f r o m   F i g .   2,  t h e   t i p   p o r t i o n   28a  of  t h e  

m a g n e t i c   c o r e   28  i s   f o r m e d   w i t h   a  h o l l o w   36  and   a c c o r d i n g l y  

the   t i p   p o r t i o n   28a  i s   f o r m e d   i n   t h e   c y l i n d r i c a l   s h a p e .  

The  h o l l o w   36  c o m m u n i c a t e s   t h r o u g h   a  p a s s a g e   38  w i t h   a n  

u p p e r   f u e l   c h a m b e r   F1  w h i c h   c o m m u n i c a t e s   w i t h   a  l o w e r  

f u e l   c h a m b e r   F2  t h r o u g h   an  a n n u l a r   o p e n i n g   (no  n u m e r a l )  

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

v a l v e   member   20 .   The  l o w e r   f u e l   c h a m b e r   F2  i s   d e f i n e d  

b e t w e e n   t h e   r e c e s s e d   s u r f a c e   of  t h e   b a s e   m e m b e r   12  a n d   t h e  

s u r f a c e   of  t h e   b o t t o m   s e c t i o n   26a  of  t h e   c a s i n g   26 .   I t  

w i l l   be  u n d e r s t o o d   t h a t   t h e   f u e l   i n   t h e   f u e l   c h a m b e r s   F 1  
and   F2  a d m i t t e d   i n t o   t h e   f u e l   o u t l e t   p a s s a g e   16  t h r o u g h  

t h e   o p e n i n g   22a   of  t h e   v a l v e   s e a t   member   22  when  t h e  

v a l v e   member   20  s e p a r a t e s   f r o m   t h e   v a l v e   c o n t a c t i n g  

s u r f a c e   S2  of  t h e   v a l v e   s e a t   member   2 2 .  

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

v a l v e   w i l l   be  now  e x p l a i n e d .  

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

m a g n e t i c   c o i l   32  and   the   m a g n e t i c   c o r e   28  i s   n o t   e n e r -  

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

v a l v e   member   20 .   At  t h i s   t i m e ,   t h e   v a l v e   m e m b e r   2 0  

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

h o l l o w   36  t h r o u g h   t h e   p a s s a g e   38  i n   a d d i t i o n   to   t h e  

p r e s s u r e   of  t h e   f l u i d   i n   t h e   f l u i d   c h a m b e r s   F1  and   F 2 .  

A c c o r d i n g l y ,   t h e   v a l v e   member   20  i s   p u s h e d   d o w n w a r d   i n  

t h e   d r a w i n g   to   be  f i r m l y   s e a t e d   on  t h e   s u r f a c e   S2  o f  

t h e   v a l v e   s e a t   member   22 .   As  a  r e s u l t ,   t h e   f l u i d   i n   t h e  

f l u i d   c h a m b e r s   F1  and   F2  c a n n o t   f l o w   to   t h e   f l u i d   o u t l e t  

p a s s a g e   1 6 .  

On  t h e   c o n t r a r y ,   when  e l e c t r i c   c u r r e n t ' i s   p a s s e d  

t h r o u g h   t h e   m a g n e t i c   c o i l   32  and   t h e   m a g n e t i c   c o r e   28  i s  

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

p o r t i o n   28a  ( t h e   m a i n   m a g n e t i c   p o l e )   of  t h e   m a g n e t i c  



c o r e   28  and   t h e   i n n e r   p e r i p h e r a l   p o r t i o n   P  ( t h e   s i d e  

m a g n e t i c   p o l e )   of  t he   a n n u l a r   p o r t i o n   2 6 b .   T h e n ;   t h e  

m a g n e t i c   f o r c e   of  t h e   m a i n   m a g n e t i c   p o l e  2 8 a   i s   c o n -  

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

t h e   l i n e s   a  of  m a g n e t i d   f o r c e   i n   F i g .   2.  I t   w i l l   b e  

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

t h e   m a i n   m a g n e t i c   p o l e   28a  and   t h e   s i d e   m a g n e t i c   p o l e   P  

can   e f f e c t i v e l y   a c t   on  t h e   s p h e r i c a l   v a l v e   m e m b e r ,  

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

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

By  t h e   a c t i o n   of  t h u s   g e n e r a t e d   m a g n e t i c   f o r c e ,  

t h e   v a l v e   member   20  i s   moved   u p w a r d   i n   t h e   d r a w i n g   t o  

be  a t t r a c t e d   to  t he   m a i n   m a g n e t i c   p o l e   2 8 a .   T h e n ,   t h e  

s p h e r i c a l   v a l v e   member   20  i s   g u i d e d   to   t h e   f r u s t o - c o n i c a l  

or  p a r t - s p h e r i c a l   s u r f a c e s   S l ,   and   t h e   l a t e r a l   m o v e m e n t  

of  t h e   v a l v e   member   20  i s   e f f e c t i v e l y   r e s t r i c t e d   by  t h e  

c o - o p e r a t i o n   of  t h e   s u r f a c e   S l  a n d   t h e   s u r f a c e   S 2 .  
A c c o r d i n g l y ,   t he   s p h e r i c a l   v a l v e   member   20  i s   c o r r e c t l y  

s e a t e d   on  t he   s u r f a c e   S2  of  t h e   m a i n   m a g n e t i c   p o l e   2 8 a ,  

p r e v e n t i n g   t h e   v i b r a t i o n   of  t he   v a l v e   member   20  i n   t h e  

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

p o l e   P.  As  a  r e s u l t ,   t h e   f l u i d   a d m i t t e d   to   t h e   f l u i d  

c h a m b e r s   F1  and   F2  f l o w s   i n t o   t h e   f l u i d   o u t l e t   p a s s a g e  
16  t h r o u g h   a  c l e a r a n c e   f o r m e d   b e t w e e n   t h e   s u r f a c e   of  t h e  

s p h e r i c a l   v a l v e   member   20  and   t h e   c o n t a c t   s u r f a c e   S2  a n d  

t h e   v a l v e   s e a t   member   22 .   The  f l u i d   i n t r o d u c e d   i n t o   t h e  

o u t l e t   p a s s a g e   16  i s   s u p p l i e d   t h r o u g h   t h e   p i p e   18  i n t o   a  

r e q u i r e d   p o s i t i o n   t h o u g h   n o t   s h o w n .  

I t   w i l l   be  u n d e r s t o o d   t h a t   t h e   p r e s s u r e   d i f f e r e n t i a l  

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

r e l a t i v e   to   t h e   v a l v e   member   20  s i n c e   t h e   p r e s s u r e   a t   t h e  

c l e a r a n c e   b e t w e e n   t h e   v a l v e   member   20  and   t h e   v a l v e   s e a t  

member   22  l o w e r s   by  t h e   f l u i d   f l o w   t h r o u g h   t h e   c l e a r a n c e .  

a c c o r d i n g l y ,   t h e   s p h e r i c a l   v a l v e   member   20  r e c e i v e s   t h e  

f o r c e   to   be  p u l l e d   d o w n w a r d   i n   t h e   d r a w i n g   due   to   t h e  



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

f l o w s .  

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

m a g n e t i c   c o i l   32  i s   s t o p p e d ,   t h e   m a g n e t i d   f o r c e   of  t h e  

m a i n   m a g n e t i c   p o l e   28a   c o l l a p s e s .   T h e n ,   t h e   s p h e r i c a l  

v a l v e   member   20  i s   f o r c e d   d o w n w a r d   i n   t h e   d r a w i n g   by  t h e  

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

as  to   be  s e a t e d   on  t h e   c o n t a c t   s u r f a c e   S2  of  t he   v a l v e  

s e a t   member   22.   At  t h i s   t i m e ,   t h e   l a t e r a l   v i b r a t i o n   o f  

t h e   v a l v e   member   20  i s   e f f e c t i v e l y   r e s t r i c t e d   by  t h e  

c o - o p e r a t i o n   of  t h e   s u r f a c e   S2  and   t h e   s u r f a c e   S l ,   s o  

t h a t   t h e   f l u i d   f l o w   f r o m   t h e   i n l e t   p a s s a g e   14  to   t h e  

o u t l e t   p a s s a g e   16  i s   s t o p p e d .   I t   w i l l   be  u n d e r s t o o d   t h a t ,  

by  v i r t u e   of  t h e   a c t i o n   to   f o r c e   t h e   v a l v e   member   d o w n w a r d  

i n   t h e   d r a w i n g ,   a  s p r i n g   f o r   f o r c i n g   t h e   v a l v e   member   2 0  

d o w n w a r d   can   be  o m i t t e d .  

As  m e n t i o n e d   a b o v e ,   i n   t h i s   c a s e ,   t h e   c l o s i n g   a c t i o n  

of  t h e   v a l v e   member   20  c an   be  a c h i e v e d   by  t h e   p r e s s u r e  

d i f f e r e n t i a l   g e n e r a t e d   due  to   t h e   f l u i d   f l o w   t h r o u g h   t h e  

c l e a r a n c e   b e t w e e n   t h e   v a l v e   member   20  and   t h e   s u r f a c e   S 2  
of   t h e   v a l v e   s e a t   member   22  i n   a d d i t i o n   to   t h e   p r e s s u r e  

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

v a l v e   member   may  be  a c h i e v e d   by  t h e   a c t i o n   of  a  s p r i n g  

i n   c o n v e n t i o n a l   c a s e s .   T h e r e f o r e ,   t h e   a r r a n g e m e n t  

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

of   t h e   s p h e r i c a l   v a l v e   member   20  due  to   t h e   i n c l i n e d  

l o c a t i o n   of  t h e   v a l v e   member   20  and   t h e   v i b r a t i o n   to   t h e  

v a l v e   member   20,   w h i c h   g r e a t l y   c o n t r i b u t e s   to   t h e   i m p r o v e -  

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

c l o s i n g   a c t i o n s   of  t h e   s p h e r i c a l   v a l v e   member   2 0 .  

F u r t h e r m o r e ,   a t   t h e   o p e n i n g   of  t h e   v a l v e   member   2 0 ,  

t h e   f l u i d   a d j a c e n t   t h e   s u r f a c e   of  t h e   v a l v e   member   20  i s  

e a s i l y   i n t r o d u c e d   i n t o   t h e   h o l l o w   3 6 ' s i n c e   t h e   l a t t e r  

c o m m u n i c a t e s   t h r o u g h   t h e   p a s s a g e   38  w i t h   t h e   f l u i d   c h a m b e r  

F1.   T h i s   c an   e f f e c t i v e l y   p r e v e n t   a  d i s a d v a n t a g e o u s  



d a m p i n g   e f f e c t   on  t h e   v a l v e   member   20  due  to   t h e   f l u i d  

a d j a c e n t   t h e   s u r f a c e   of  t h e   v a l v e   member   w h i c h   d a m p i n g  

e f f e c t   i s   l i a b l e   to   r i s e   when  t h e   v a l v e   member   20  i s  

s e a t e d   on  t h e   s u r f a c e   S1  of  t h e   m a i n   m a g n e t i c   p o l e   2 8 a  

a t   t h e   b e g i n n i n g   of  t h e   o p e n i n g   a c t i o n   of  t h e   v a l v e  

member   20.   A d d i t i o n a l l y ,   t h e   a d h e s i o n   of  t h e   v a l v e  

member   20  o n t o   t h e   c o n t a c t   s u r f a c e   S1  of  t h e   m a i n   m a g n e t i c  

member   28a   i s   e f f e c t i v e l y   p r e v e n t e d   by  t h e   f l u i d   s u p p l y  

f r o m   t he   h o l l o w   36  and   t he   p a s s a g e   38.  The  s t i c k i n g   o f  

t he   v a l v e   member   20  i s   l i a b l e   to   o c c u r   a t   t h e   b e g i n n i n g  

of  t he   c l o s i n g   a c t i o n   of  t he   v a l v e   member   20 ,   i . e . ,   a t  

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

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

i s t i c s   of  t h e   s p h e r i c a l   v a l v e   member   20 ,   c o n t r i b u t i n g   t o  

t h e   o m i s s i o n   of  a  s p r i n g   f o r   f o r c i n g   t h e   v a l v e   member   2 0  

d o w n w a r d .  

O t h e r w i s e ,   as  shown  i n   F i g s .   3A  and   3B,  t h e   h o l l o w  

36  f o r m e d   a t   t h e   m a i n   m a g n e t i c   p o l e   28a   i s   r e p l a c e a b l e  

w i t h   a  p l u r a l i t y   of  g r o o v e s   40  f o r m e d   on  t h e   c o n t a c t  

s u r f a c e   S1'  of  t h e   m a i n   m a g n e t i c   p o l e   2 8 a .   In   t h i s   c a s e ,  

e v e n   when  t h e   s p h e r i c a l   v a l v e   member   20  i s   f i r m l y  s e a t e d  

on  t h e   s u r f a c e  S 1 ' ,   t h e   f l u i d   i s   p r e s e n t   i n   t h e   g r o o v e s  
40  w h i c h   c o m m u n i c a t e   w i t h   t h e   f l u i d   c h a m b e r   F l ,   t h o u g h  

n o t   s h o w n .   I t   w i l l   be  u n d e r s t o o d   t h a t ,   a l s o   w i t h   t h e s e  

g r o o v e s   40 ,   t h e   same  e f f e c t   as   w i t h   t h e   h o l l o w   36  i n  

F i g s .   1  and   2  c an   be  o b t a i n e d .  

W h i l e ,   i n   t h e   e m b o d i m e n t   of  F i g s .   1  and   2,  b o t h   t h e  

c o n t a c t   s u r f a c e s   S1  and   S2  h a v e   b e e n   shown  a n d   d e s c r i b e d  

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

a p p r e c i a t e d   t h a t   t h e   c o n t a c t   s u r f a c e  S n   of   t h e ' m a i n  

m a g n e t i c   p o l e   28a   may  be  f l a t   as   t h e   d i s t a n c e   b e t w e e n  

t h e   s u r f a c e s   S1  and   S2  i s   w i t h i n   a  r a n g e   t h a t   t h e  

l a t e r a l   m o v e m e n t   of  t h e   s p h e r i c a l   v a l v e   m e m b e r   20  i s  

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

s u r f a c e   S2  of  t h e   v a l v e   s e a t   member   22 .   In   t h e   c a s e  



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

f o r   c o n t r o l l i n g   f u e l   f l o w   a m o u n t   i n   a n  i n t e r n a l   c o m b u s t i o n  

e n g i n e ,   t h e   s t r o k e   of  t h e   v a l v e   member   20  i n   t he   a x i a l  

d i r e c t i o n   of  t h e   m a i n   m a g n e t i c   p o l e   28  and   t h e   v a l v e   s e a t  

member   22  i s   p r e f e r a b l y   a b o u t   0 . 0 5   to   0 . 1   mm  f r o m   t h e  

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

F o r   e x a m p l e ,   t h e   s t r o k e   of  t h e   v a l v e   member   20  i s   a b o u t  

0 . 0 7 5   mm  when  t h e   d i a m e t e r   of  t h e   v a l v e   member   20  i s   5  mm; 
t h e   s h o r t e s t   d i s t a n c e   b e t w e e n   t h e   s i d e   m a g n e t i c   p o l e   P  

and   t h e   v a l v e   member   20  w h i c h   i s   c o r r e c t l y   s e a t e d   on  t h e  

v a l v e   s e a t   member   i s   a b o u t   0 . 1   to   0 . 2 5   mm;  t h e   a n g l e   o f  

t h e   c o n t a c t i n g   s u r f a c e  S 1   ( i n   c r o s s - s e c t i o n   i n   F i g .   2 )  

w i t h   r e s p e c t   to   a  h o r i z o n t a l   p l a n e   ( n o t   s h o w n )   i s   a b o u t  

45  d e g r e e s ;   and   t h e  a n g l e   of  t h e   c o n t a c t i n g   s u r f a c e   S 2  
( i n   c r o s s - s e c t i o n   i n   F i g .   2)  w i t h   r e s p e c t   to   t he   h o r i z o n t -  

a l   p l a n e   i s   a b o u t   35  to   45  d e g r e e s .   I t   w i l l   be  a p p r e c i a t e d  

t h a t   t h e   s t r o k e   of  t h e   v a l v e   member   20  may  be  so  d e t e r m i n e d  

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

t h e   a m o u n t   of  f u e l   f l o w   s u i t a b l e   f o r   u s e .  

F i g .   4  shows   a  known   e l e c t r o m a g n e t i c   v a l v e   50,   f o r  

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

p r e s e n t   i n v e n t i o n .   In   t h i s   e l e c t r o m a g n e t i c   v a l v e   50,  a  

s p h e r i c a l   v a l v e   member   52  d i s p o s e d   i n   a  f l u i d   c h a m b e r   F 3  
i s   b i a s e d   by  a  s p r i n g   56  d i s p o s e d   a t   a  c e n t r a l   b o r e  

(no   n u m e r a l )   of  a  m a i n   m a g n e t i c   p o l e   58,   so  t h a t   t h e  

v a l v e   member   52  c a n   e f f e c t i v e l y   be  s e a t e d   on  a  v a l v e   s e a t  

member   54.   When  t h e   v a l v e   member   52  i s   a t t r a c t e d   to   t h e  

m a i n   m a g n e t i c   p o l e   58  to   be  moved   u p w a r d   i n   t he   d r a w i n g ,  

f l u i d   a d m i t t e d   i n t o   a  f l u i d   i n l e t   p a s s a g e   60  f l o w s   i n t o  

a  f l u i d   o u t l e t   p a s s a g e   62  t h r o u g h   a  c l e a r a n c e   f o r m e d  

b e t w e e n   t h e   s u r f a c e   of  t h e   v a l v e   member   52  and   t h e   v a l v e  

s e a t   member   54.   I t   i s   to   be  n o t e d   a  s i d e  m a g n e t i c   p o l e   6 4  

i s   l o c a t e d   s p a c e d   f r o m   t he   s p h e r i c a l - v a l v e   member   52  a n d  

b e y o n d   t h e   v a l v e   s e a t   member   54 .   A c c o r d i n g l y ,   a  m a g n e t i c  

f i e l d   f o r m e d   b e t w e e n   t h e   m a i n   m a g n e t i c   p o l e   58  and   t h e  



s i d e   m a g n e t i c   p o l e   64  c a n n o t   e f f e c t i v e l y   a c t   on  t h e  

s p h e r i c a l   v a l v e   member   52  s i n c e   t he   m a g n e t i c   f o r c e   o f  

t h e   m a i n   m a g n e t i c   p o l e   58  i s   c o n c e n t r a t e d   on  t h e   s i d e  

m a g n e t i c   p o l e   60  as  i n d i c a t e d   by  t h e   l i n e s   b  of  m a g n e t i c  

f o r c e   i n   F i g .   4 .  

As  w i l l   be  a p p r e c i a t e d ,   t h e   e l e c t r o m a g n e t i c   v a l v e   o f  

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

of  t he   I n v e n t i o n   due  to   t h e   f a c t   t h a t   t h e   s p h e r i c a l   v a l v e  

member   52  i s   b i a s e d   d o w n w a r d   a l s o   by  t h e   a c t i o n   of  t h e  

b i a s i n g   f o r c e   of  t he   s p r i n g   56,   i n   a d d i t i o n   to   t h e  

a b o v e - m e n t i o n e d   p r o b l e m   due  to   t h e   l o c a t i o n   of  t h e   s i d e  

m a g n e t i c   p o l e   6 4 .  

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

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

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

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

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

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

i n   c l o s e   p r o x i m i t y   to   t h e   s p h e r i c a l   v a l v e   member   20  a n d  

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

to   t he   s p h e r i c a l   v a l v e   member   20 ,   w h i c h   i m p r o v e s   t h e  

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

and   c l o s i n g   a c t i o n s   of  t h e   s p h e r i c a l   v a l v e   member   2 0 .  

B e s i d e s ,   s i n c e   a  s p r i n g   f o r   b i a s i n g   t h e   v a l v e   member   2 0  

t o w a r d   t h e   v a l v e   s e a t   member   22  i s   n o t   u s e d ,   i n c l i n a t i o n  

of  t h e   v a l v e   member   20  i s   p r e v e n t e d   to   i m p r o v e   t h e   s e a l i n g  

a b i l i t y   by  t h e   v a l v e   member   20  and   t h e   s t a b i l i t y   of  t h e  

a c t i o n   of  t h e   v a l v e   member   20 ,   f u r t h e r   i m p r o v i n g   t h e  

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

v a l v e   member   20.   Such   o m i s s i o n   of  t h e   s p r i n g   f u r t h e r  

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

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

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

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

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



t h e   v a l v e   member   20  a t   a  v e r y   h i g h   f r e q u e n c y ,   g r e a t l y  

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

e l e c t r o m a g n e t i c   v a l v e .  

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

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

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

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

of  e x h a u s t   e m i s s i o n   c o n t r o l   and   f u e l   e c o n o m y ,   t he   e l e c t r o -  

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

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

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

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

e l o n g a t e   v a l v e   member   and   o p e r a t e d   i n   r e s p o n s e   to   t h e  

a m o u n t ,   i n t a k e   a i r   due  to   t h e   f a c t   s u c h   an  e l o n g a t e   v a l v e  

member   and   i t s   g u i d e   member   r e q u i r e   h i g h   p r e c i s i o n  

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

In   t h i s   c o n n e c t i o n ,   a l t h o u g h   f u e l   i n j e c t i o n   i s  

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

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

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

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

t i m e s   p e r   e n g i n e   r e v o l u t i o n ,   i m p r o v i n g   t h e   m i x i n g   of  f u e l  

and   i n t a k e   a i r .  

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

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

c y l i n d e r s   i s   c a r r i e d   o u t   by  o n l y   a  s i n g l e   f u e l   i n j e c t o r  

v a l v e ,   i t   i s   n e c e s s a r y ,   f o r   e x a m p l e ,   to   i n j e c t   f u e l   a t  

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

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

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

be  u n d e r s t o o d   t h a t   i t   i s   n e c e s s a r y   t h a t   t h e   f r e q u e n c y   o f  

t h e   o p e n i n g   and   c l o s i n g   a c t i o n s   of  t h e   v a l v e   be  300  Hz  

or   more   e v e n   when   t h e   maximum  e n g i n e   s p e e d   i s   6000   r p m ,  

and   t h e   a m o u n t   f u e l   f l o w   i s   i n   p r o p o r t i o n   to   t h e   p u l s e  

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



v a l v e .   I t   w i l l   be  a p p r e c i a t e d   t h a t   s u c h   r e q u i r e m e n t s  

c an   be  s a t i s f i e d   by  t h e   e l e c t r o m a g n e t i c   v a l v e   i n  

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

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

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

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



1.  An  e l e c t r o m a g n e t i c   v a l v e   ( 1 0 ) ,   h a v i n g   a  f l u i d  

c h a m b e r   ( F l , F 2 )   i n t o   w h i c h   a  f l u i d   i s   a d m i t t e d ,   c o m p r i s i n g :  

a  m a g n e t i c   s p h e r i c a l   v a l v e   member   ( 2 0 )   d i s p o s e d  

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

a  n o n - m a g n e t i c   v a l v e   s e a t   member   ( 2 2 )   on  w h i c h  

s a i d   s p h e r i c a l   v a l v e   member   i s   s e a t a b l e ,   t h e   f l u i d  

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

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

b e t w e e n   s a i d   v a l v e   s e a t   member   and   s a i d   s p h e r i c a l   v a l v e  

m e m b e r ;  

a  m a i n   m a g n e t i c   p o l e   member   ( 2 8 a )   d i s p o s e d   o p p o s i t e  

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

s p h e r i c a l   v a l v e   m e m b e r ,   s a i d   s p h e r i c a l   v a l v e   member   b e i n g  

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

a n d  

a  s i d e   m a g n e t i c   p o l e   member   (P)   d i s p o s e d   a r o u n d  

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

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

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

member   and   t h e   l e v e l   of  t h e   e x t r e m e   end   of  s a i d   v a l v e  

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

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

s p h e r i c a l   v a l v e   m e m b e r .  

2.  An  e l e c t r o m a g n e t i c   v a l v e   as  c l a i m e d   i n   c l a i m   1 ,  

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

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

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

m e m b e r ,   so  t h a t   s a i d   v a l v e   member   i s   b i a s e d   t o w a r d   s a i d  

v a l v e   s e a t   member   when   t h e   f l u i d   f l o w   t h r o u g h   s a i d  

c l e a r a n c e   b e t w e e n   s a i d   v a l v e   s e a t   member   and   s a i d  

s p h e r i c a l   v a l v e   m e m b e r .  

3 .  A n   e l e c t r o m a g n e t i c   v a l v e   as  c l a i m e d   i n   c l a i m   2 ,  

c h a r a c t e r i s e d   i n   t h a t   s a i d   m a i n   m a g n e t i c   p o l e   member   ( 2 8 a )  



and   s a i d   v a l v e   s e a t   member   ( 2 2 )   a r e   f o r m e d   w i t h   v a l v e  

c o n t a c t   s u r f a c e s   ( S 1 ,  S 2 )   r e s p e c t i v e l y ,   w i t h   w h i c h   s a i d  

s p h e r i c a l   v a l v e   member   i s   c o n t a c t a b l e ,   a t   l e a s t   t h e  

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

c o n c a v e   to   f i r m l y   r e c e i v e   s a i d   s p h e r i c a l   v a l v e   m e m b e r .  

4.   An  e l e c t r o m a g n e t i c   v a l v e   as   c l a i m e d   i n   c l a i m   3 ,  

c h a r a c t e r i s e d   i n   t h a t   t h e   v a l v e   c o n t a c t   s u r f a c e s   ( S l , S 2 )  
of  s a i d   m a g n e t i c   p o l e   member   and   s a i d   v a l v e   s e a t   m e m b e r  

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

5.  An  e l e c t r o m a g n e t i c   v a l v e   as   c l a i m e d   i n   c l a i m   4 ,  

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

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

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

6.  An  e l e c t r o m a g n e t i c   v a l v e   as  c l a i m e d   i n   c l a i m   4 ,  

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

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

of  s a i d   v a l v e   s e a t   member   i s   of  p a r t - s p h e r i c a l   s h a p e .  

7.  An  e l e c t r o m a g n e t i c   v a l v e   as  c l a i m e d   i n   c l a i m   3 ,  

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

( 2 8 a )   i s   f o r m e d   a t   i t s   v a l v e   c o n t a c t   s u r f a c e   w i t h   a  

h o l l o w   ( 3 6 )   w h i c h   c o m m u n i c a t e s   w i t h   s a i d   f l u i d   c h a m b e r  

t h r o u g h   a  p a s s a g e   ( 3 8 )   f o r m e d   t h r o u g h   s a i d   m a i n   m a g n e t i c  

p o l e   m e m b e r .  

8 .   An  e l e c t r o m a g n e t i c   v a l v e   as   c l a i m e d   i n   c l a i m   3 ,  

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

( 2 8 a )   i s   f o r c e d   a t   i t s   v a l v e   c o n t a c t   s u r f a c e   ( S ' )   w i t h  

a  p l u r a l i t y   of  g r o o v e s   ( 4 0 )   w h i c h   c o m m u n i c a t e   w i t h   s a i d  

f l u i d   c h a m b e r .  

9.  An  e l e c t r o m a g n e t i c   v a l v e   as   c l a i m e d   i n   c l a i m , 7 ,  

c h a r a c t e r i s e d   i n   t h a t   s a i d   v a l v e   s e a t   member   ( 2 2 ) , i s  

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

e l o n g a t e   o p e n i n g   ( 2 2 a )   f o r m e d   a l o n g   t he   a x i s   of  s a i d  

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



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

s a i d   e l o n g a t e   o p e n i n g .  

10 .   An  e l e c t r o m a g n e t i c   v a l v e   as   c l a i m e d   i n   c l a i m   9 ,  

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

( 2 8 a )   i s   e l o n g a t e   s u b s t a n t i a l l y   v e r t i c a l l y ,   t h e   a x i s  

of  s a i d   m a i n   m a g n e t i c   p o l e   member   b e i n g   a l i g n e d   w i t h  

t h a t   of  s a i d   v a l v e   s e a t   m e m b e r .  

11 .   An  e l e c t r o m a g n e t i c   v a l v e   as   c l a i m e d   i n   c l a i m   1 0 ,  

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

a  m a g n e t i c   r a d i a l   a n n u l a r   member   (P)   w h i c h   i s   i n t e g r a l  

w i t h   a  c a s i n g   ( 2 6 )   of  s a i d   e l e c t r o m a g n e t i c   v a l v e ,   s a i d  

s i d e   m a g n e t i c   p o l e   member   b e i n g   so  l o c a t e d   t h a t   t h e  

a x e s   of  s a i d   m a i n   m a g n e t i c   p o l e   member   and   s a i d   v a l v e  

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

s a i d   r a d i a l   a n n u l a r   m e m b e r .  

12 .   An  e l e c t r o m a g n e t i c   v a l v e   as   c l a i m e d   i n   c l a i m   1 1 ,  

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

( 2 8 a )   and   s a i d   v a l v e   s e a t   member   ( 2 2 )   a r e   s p a c e d   f r o m  

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

of  s a i d   s p h e r i c a l   v a l v e   member   i s   r e s t r i c t e d   so  t h a t  

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

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

member   ( P ) .  
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