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©  Electromagnetic  oscillation  pump. 

©  An  electromagnetic  oscillation  pump  comprising  a  pipe- 
like  oscillating  member  (22)  freely  expansible  in  the  axial 
direction  thereof  and  through  which  a  liquid  is  fed,  a 
movable  valve  (33)  arranged  inside  the  intermediate  portion 
(28)  of  the  oscillating  member,  an  armature  (35)  fixed  around 
the  intermediate  portion  of  the  oscillating  member,  a 
solenoid  (36)  attached  to  a  framework  and  enclosing  the 
armature,  and  a  ring-shaped  permanent  magnet  (43) 
arranged  adjacent  to  the  solenoid,  wherein  the  armature  is 
driven  in  a  direction  by  the  electromagnetic  force  of  the 
solenoid  and  the  solenoid-driven  armature  is  returned  from 
its  driven  position  in  the  reverse  direction  by  the  drawing 
force  of  the  permanent  magnet. 
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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  

o s c i l l a t i o n   pump  c o m p r i s i n g   a  p i p e - l i k e   o s c i l l a t i n g  

member  p r o v i d e d   w i t h   a  p a i r   of  e x p a n s i b l e   p o r t i o n s  

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

e x p a n s i b l e   p o r t i o n s ,   a  v a l v e   a r r a n g e d   i n s i d e   t h e   i n t e r -  

m e d i a t e   p o r t i o n ,   an  a r m a t u r e   f i x e d   a r o u n d   t he   i n t e r m e d i a t e  

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

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

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

a l o n g   an  a x i a l   l i n e   to   pump  a  l i q u i d   t h e r e t h r o u g h .  

In  t he   c a s e   of  t h i s   t y p e   pump  in  w h i c h   t h e   a r m a t u r e  

i s   d rawn  to  d r i v e   t h e   o s c i l l a t i n g   member  in   one  d i r e c t i o n  

a l o n g   t h e   a x i a l   l i n e   when  t he   s o l e n o i d   i s   e x c i t e d ,  

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

member  f rom  i t s   d r i v e n   p o s i t i o n   to   i t s   o r i g i n a l   p o s i t i o n .  

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

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

end  a t t a c h e d   to   a  f r a m e   w h i l e   w i t h   i t s   o t h e r   end  t o  

t h e   o s c i l l a t i n g   member .   A  p u b l i c l y   w e l l - k n o w n   p u m p  
of  t h i s   t y p e   i s   d i s c l o s e d   by  US  P a t e n t   3 , 1 3 6 , 2 5 7 .  

H o w e v e r ,   t h e   pump  of  t h i s   t y p e   has   v a r i o u s   p r o b l e m s  
b e c a u s e   t he   a b o v e - m e n t i o n e d   s p r i n g   i s   u s e d .   N a m e l y ,  
t h e   o s c i l l a t i n g   member  i s   o s c i l l a t e d   a t   r e l a t i v e l y  

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

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



n e c e s s a r y   to   do  t h e   t r o u b l e s o m e   work  of  e x c h a n g i n g  

t h e   b r o k e n   s p r i n g   w i t h   a  new  one  e v e r y   t i m e   when  t h e  

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

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

member   and  i f   n o t ,   t h e   a t t a c h e d   or  f i x e d   e n d s   of  t h e  

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

h i g h   s p e e d   o s c i l l a t i o n .   T h i s   makes   t h e   s p r i n g - a t t a c h i n g  

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

to  be  p a i d   to   t h e   s h a p e   and  d e s i g n   of  t h e   a t t a c h i n g   e n d s  

of  t h e   s p r i n g .   T h e r e f o r e ,   t h e   p o r t i o n s   to   w h i c h   t h e  

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

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

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

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

t h e   w h o l e   of  t h e   pump  f rom  b e i n g   s m a l l - s i z e d .   When  t h e  

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

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

i s   q u i c k l y   c o r r o d e d   u n d e r   t h i s   a t m o s p h e r e .   The  f i x e d  

p o r t i o n s   of  t h e   s p r i n g   can  be  e a s i l y   c o a t e d   to   p r e v e n t  

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

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

may  be  s o l v e d   by  u s i n g   a  s p r i n g   made  of  a n t i - c o r r o s i o n  

m a t e r i a l ,   b u t   i t s   c o s t   b e c o m e s   h i g h .  

The  p r e s e n t   i n v e n t i o n   i s   t h e r e f o r e   i n t e n d e d   t o  

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

o s c i l l a t i o n   pump  h i g h l y   d u r a b l e   and  r e l i a b l e   in   o p e r a t i o n ,  

s i m p l e   in   c o n s t r u c t i o n ,   e a s y   in   a s s e m b l y ,   s m a l l   in   s i z e  

and  low  in   c o s t .  

In  o r d e r   to   a c h i e v e   t h i s   o b j e c t ,   t h e   p r e s e n t  

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

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

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

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

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

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

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



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

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

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

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

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

T h i s   i n v e n t i o n   can  be  more  f u l l y   u n d e r s t o o d   f r o m  

t h e   f o l l o w i n g   d e t a i l e d   d e s c r i p t i o n   when  t a k i n   i n  

c o n j u n c t i o n   w i t h   t h e   a c c o m p a n y i n g   d r a w i n g s ,   in   w h i c h :  

F i g .   1  i s   a  l o n g i t u d i n a l l y - s e c t i o n e d   v i e w   s h o w i n g  

a  f i r s t   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   o s c i l l a t i o n  

pump  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 .  

F i g .   2  shows  t h e   r i g h t   s i d e   end  of  t h e   f i r s t  

e m b o d i m e n t   shown  in  F i g .   1 .  

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

in  F i g .   1 .  

F i g .   4  shows  how  t h e   s o l e n o i d   and  p e r m a n e n t   m a g n e t  

a c t .  

F i g .   5  i s   a  l o n g i t u d i n a l l y - s e c t i o n e d   v i e w   s h o w i n g  

a  s e c o n 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   o s c i l l a t i o n  

pump  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 .  

F i g s .   1  t h r o u g h   4  show  a  f i r s t   e m b o d i m e n t   o f  

an  e l e c t r o m a g n e t i c   o s c i l l a t i o n   pump  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 ,   in  w h i c h   a  pump  10  has   an  e n d  

member  12  p r o v i d e d   w i t h   an  i n l e t   11  and  c o n n e c t e d   t o  

an  e x t e r n a l   p i p e   15  shown  by  a  t w o - d o t   and  d a s h   l i n e  

in  F i g .   1,  and  a n o t h e r   end  member  14  p r o v i d e d   w i t h  

an  o u t l e t   13  and  c o n n e c t e d   to  an  e x t e r n a l   p i p e   16 

shown  by  a  t w o - d o t   and  d a s h   l i n e   in   F i g .   1.  L i q u i d  

such   as  w a t e r   and  m e d i c a l   l i q u i d   i s   f ed   f rom  a  t a n k  

(no t   shown)  i n t o   t h e   i n l e t   11  t h r o u g h   t h e   p i p e   15 

as  shown  by  an  a r r o w   A  a n d   d i s c h a r g e d   t h r o u g h   t h e  

o u t l e t   13  i n t o   t h e   p i p e   16  in  a  d i r e c t i o n   shown  by  a n  

a r r o w   B  to  be  u s e d   a t   an  a p p r o p r i a t e   s e c t i o n   (no t   s h o w n ) .  

The  end  members   12  and  14  a r e   f i x e d   by  means   of  p l u r a l  

b o l t s   19  and  20  to  t h e i r   r e s p e c t i v e   r e c t a n g u l a r   f r a m e s   17 

and  18,  r e s p e c t i v e l y .   A  c a s i n g   21  i s   s a n d w i c h e d   b e t w e e n  

t h e s e   f r a m e s   and  f i x e d   i n t e g r a l   to   t h e   f r a m e   18  by  t h e  



b o l t s   20.  T h e s e   end  m e m b e r s   12,  14,  f r a m e s   17,  18  a n d  

c a s i n g   21  fo rm  a  pump  f r a m e w o r k .  

End  p o r t i o n s   23  and  24  of  a  p i p e - l i k e   o s c i l l a t i n g  

member  22  a r e   f i x e d   to   t h e   f r a m e s   17  and  18  of  t h e   p u m p  
f r a m e w o r k ,   r e s p e c t i v e l y .   T h e s e   f i x a t i o n   a r e   a c h i e v e d  

by  p r e s s i n g   f l a n g e s   of  s a i d   end  p o r t i o n s   to  t h e   f r a m e s  

17  and  18,  r e s p e c t i v e l y .   The  end  p o r t i o n s   of  s a i d  

o s c i l l a t i n g   member   22  a r e   c o m m u n i c a t e d   w i t h   t h e   i n l e t   1 1  

and  o u t l e t   13,  r e s p e c t i v e l y .   T h e r e f o r e ,   l i q u i d   to   b e  

fed   t h r o u g h   t h e   pump  f l o w s   t h r o u g h   t h e   o s c i l l a t i n g  

member  22  a l o n g   an  a x i a l   l i n e   25  shown  by  a  d o t   a n d  

d a s h   l i n e   in   F i g .   1.  The  o s c i l l a t i n g   member   22  h a s  

a  p a i r   of  e x p a n s i b l e   p o r t i o n s   26  and  27  c o n t i n u o u s  

f rom  i t s   end  p o r t i o n s ,   and  an  i n t e r m e d i a t e   p o r t i o n   28 

b e t w e e n   t h e s e   e x p a n s i b l e   p o r t i o n s .   The  o s c i l l a t i n g  

member  22  i s   made  i n t e g r a l   of  a  r e s i l i e n t   m a t e r i a l  

such   as  r u b b e r .   The  e x p a n s i b l e   p o r t i o n s   26  and  27  a r e  

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

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

e x p a n s i b l e   p o r t i o n s   a l o n g   t h e   a x i a l   l i n e   25  c a u s e s  

t h e   i n t e r m e d i a t e   p o r t i o n   28  to   be  o s c i l l a t e d   in   t h e  

d i r e c t i o n   of  a x i a l   l i n e   25.  The  o s c i l l a t i n g   member  22  

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

i n t e r m e d i a t e   p o r t i o n   28,  w h i c h   i s   p o s i t i o n e d   in  t h e  

c e n t e r   of   t h e   pump  or   pump  f r a m e w o r k .  

The  pump  f r a m e w o r k   i s   s u p p o r t e d   by  a  f l o a t i n g  

s u p p o r t   p l a t e   30,  w h i c h   i s   a t t a c h e d   to   t h e   pump  f r a m e -  

work  by  means   of  s c r e w s   29  and  s u s p e n d e d   a t   b o t h   e n d s  

t h e r e o f   by  s p r i n g s   32  f rom  a  f i x e d   b a s e   p l a t e   3 1 .  

T h e r e f o r e ,   t h e   o s c i l l a t i o n   of  t h e   o p e r a t i n g   pump  i s  

a b s o r b e d   by  t h e   s p r i n g s   32  and  n o t   t r a n s m i t t e d   d i r e c t l y  

to  t h e   b a s e   p l a t e   3 1 .  

A  v a l v e   33  made  of  same  m a t e r i a l   as  t h a t   of  t h e  

i n t e r m e d i a t e   p o r t i o n   28  i s   a r r a n g e d   i n s i d e   t h e   i n t e r -  

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

i n t e g r a l   to  t h e   i n t e r m e d i a t e   p o r t i o n   28  a t   i t s   a x i a l  

p o r t i o n   33a ,   w i t h   i t s   w ing   p o r t i o n   33b  u s u a l l y  



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

the   i n t e r m e d i a t e   p o r t i o n   28  to   s t o p   t he   f l o w   of  l i q u i d .  

When  l i q u i d   p r e s s u r e   b e c o m e s   d i f f e r e n t   on  b o t h   s i d e s  

of  t he   v a l v e   33  or  h i g h e r   on  t h e   u p p e r   or  l e f t   s i d e  

of  t h e   v a l v e   33  in   F i g .   1,  h o w e v e r ,   t he   w ing   p o r t i o n  

33b  i s   r e s i l i e n t l y   d e f o r m e d   as  shown  by  a  t w o - d o t   a n d  

dash   l i n e ,   a l l o w i n g   l i q u i d   to   f l o w .   T h i s   v a l v e   33  i s  

moved  i n t e g r a l   to   t h e   i n t e r m e d i a t e   p o r t i o n   28  and  w i l l  

be  h e r e i n a f t e r   r e f e r r e d   to   as  m o v a b l e   v a l v e .  

A  s l e e v e -   or  c y l i n d e r - s h a p e d   a r m a t u r e   35  i s   f i x e d  

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

p o r t i o n   28  and  a l o n g   t h e   w h o l e   l e n g t h   t h e r e o f .   T h e  

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

p o r t i o n   28  and  w i l l   be  h e r e i n a f t e r   r e f e r r e d   to   a s  

m o v a b l e   a r m a t u r e .  

A  s o l e n o i d   36  i s   a r r a n g e d   c o n c e n t r i c   w i t h   t h e  

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

t he   m o v a b l e   a r m a t u r e   35.  The  s o l e n o i d   36  i s   c o n n e c t e d  

t h r o u g h   a  l i n e   37  to   a  c o m m e r c i a l l y   a v a i l a b l e   e x t e r n a l  

AC  power   s u p p l y   (no t   s h o w n ) ,   and  a  h a l f - w a v e   r e c t i f i e r  

or  d i o d e   38  i s   a r r a n g e d   to   a n o t h e r   l i n e .   S i n c e   d i r e c t  

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

t he   s o l e n o i d   36,  t he   a r m a t u r e   35  i s   d rawn  a l o n g   t h e  
a x i a l   l i n e   25  o n l y   in   one  d i r e c t i o n   (or  in   t h e   r i g h t  

or  l i q u i d - f l o w i n g   d i r e c t i o n   in   F i g .   1)  when  t h e   s o l e n o i d  

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

d r i v e   of  DC  s o l e n o i d   t y p e   to  be  a c h i e v e d .   When  t h e  

s o l e n o i d   36  i s   e x c i t e d ,   e f f e c t i v e   d r a w i n g   f o r c e   i s  

c a u s e d   p a r t i c u l a r l y   b e t w e e n   t h e   a r m a t u r e   35  and  a  

s l a n t e d   s u r f a c e   39a  f o r m e d   on  a  yoke  39  f o r   t h e  

s o l e n o i d .   A n o t h e r   yoke   40  f o r   t he   s o l e n o i d   36  i s  

f o r m e d   in  L - s h a p e   to  g u i d e   t h e   a r m a t u r e   35  in   t h e  

a x i a l   d i r e c t i o n   and  p r o v i d e d   w i t h   an  a u x i l i a r y   g u i d e   4 1 .  

A  v a l v e   42  h a v i n g   same  c o n s t r u c t i o n   as  t h a t   o f  

t he   m o v a b l e   v a l v e   33  i s   a r r a n g e d   i n s i d e   t h e   end  m e m b e r  

14  p o s i t i o n e d   on  t h e   s i d e   of  t h e   o u t l e t   13.  T h i s   i s  

a  f i x e d   v a l v e   n o t   m o v a b l e   in  t he   a x i a l   d i r e c t i o n   b u t  



c o o p e r a t i v e   w i t h   t h e   m o v a b l e   v a l v e   33  to   d e f i n e   a  

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

l i q u i d ,   t h u s   e n a b l i n g   a  pump  of   s e l f - s u p p l y   t y p e   t o  

be  f o r m e d .  

A  p e r m a n e n t   m a g n e t   43  i s   a r r a n g e d   in   t h e   f r a m e w o r k  

a l o n g   t h e   a x i a l   l i n e   and  a d j a c e n t   to   t h e   s o l e n o i d   3 6 .  

T h i s   m a g n e t   43  i s   r i n g -   or  c y l i n d e r - s h a p e d   as  s h o w n  

in   F i g .   3  and  a r r a n g e d   c o n c e n t r i c   w i t h   and  a r o u n d   t h e  

m o v a b l e   a r m a t u r e   35.  The  m a g n e t   43  has   a  p a i r   of  l e f t  

and  r i g h t   y o k e s   44  and  40  to   c o n v e r g e   i t s   f l u x ,   a n d  

t h e   yoke   40  i s   common  to  t h e   s o l e n o i d   36.  T h i s   i s   m a d e  

p o s s i b l e   by  j u x t a p o s i n g   t h e   m a g n e t   43  w i t h   t h e   s o l e n o i d  

36  on  one  s i d e   t h e r e o f   w i t h o u t   any  c l e a r a n c e   i n t e r p o s e d  

t h e r e b e t w e e n .   H o w e v e r ,   i t   may  be  a r r a n g e d   as  a  v a r i a t i o n  

t h a t   t h e   p e r m a n e n t   m a g n e t   43  i s   s e p a r a t e d   a  l i t t l e   f r o m  

t h e   s o l e n o i d   36  and  has   a  p a i r   of  i t s   e x c l u s i v e   y o k e s .  

The  p e r m a n e n t   m a g n e t   43  s e r v e s   to   r e t u r n   t h e  

a r m a t u r e   35  f rom  i t s   d r i v e n   p o s i t i o n   to   i t s   o r i g i n a l  

p o s i t i o n   shown  in   F i g .   1  a f t e r   t h e   a r m a t u r e   i s   d r a w n  

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

36.  The  m a g n e t   43  t h e r e f o r e   makes   i t   u n n e c e s s a r y   t o  

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

d r a w i n g   f o r c e   w i t h   w h i c h   t h e   a r m a t u r e   35  i s   d r a w n   b y  

t h e   s o l e n o i d   36  i s   s e t   to   h a v e   a  p r a c t i c a l   v a l u e   a b o u t  

t w i c e   t h a t   of  t h e   p e r m a n e n t   m a g n e t ,   and  t h e   d r a w i n g  

f o r c e   of  t he   s o l e n o i d   can  be  t h e r e f o r e   o b t a i n e d   a s  

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

m a g n e t   43  u s u a l l y   a c t s   on  t h e   a r m a t u r e   3 5 .  

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

t h e   s o l e n o i d   36  and  t h e   d r a w i n g   and  r e t u r n i n g   a c t i o n  

of  t h e   p e r m a n e n t   m a g n e t   43  a r e   a l t e r n a t e l y   a c t e d   o n  

t h e   a r m a t u r e   35,  t h u s   e n a b l i n g   t h e   a r m a t u r e   35  to  b e  

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

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

v a l v e   33  i s   a l s o   c o o p e r a t e d   a t   t h e   same  t i m e   to  p u m p  

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

m o v a b l e   and  f i x e d   v a l v e s   33  and  4 2 .  



F i g .   4  shows  t h e   d i r e c t i o n s   in  w h i c h   t he   a r m a t u r e  

35  i s   d rawn  by  t h e   s o l e n o i d   36  and  p e r m a n e n t   m a g n e t   43  

and  t he   d i r e c t i o n s   in  w h i c h   t h e i r   l i n e s   45  and  46  o f  

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

of  m a g n e t i c   f o r c e   g e n e r a t e d   when  t h e   s o l e n o i d   36  i s  

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

y o k e s   39  and  40  b u t   t h a t   l e a k i n g   f l u x e s   a r e   g e n e r a t e d  

as  shown  by  t w o - d o t   and  d a s h   l i n e s   47  b e t w e e n   b o t h   o f  

y o k e s   4 0  a n d   44  b e c a u s e   t h e   a d j a c e n t   p e r m a n e n t   m a g n e t  

43  and  yoke   44  a r e   m a g n e t i c   m a t e r i a l s  a n d   e f f e c t   s a m e  

a c t i o n   as  t h a t   of  t h e   s o l e n o i d   y o k e s .   In  a d d i t i o n ,  

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

d i r e c t i o n   in  w h i c h   t h e   l i n e   46  of  m a g n e t i c   f o r c e   o f  

t h e   p e r m a n e n t   m a g n e t   43  i s   d i r e c t e d .   N a m e l y ,   when  t h e  

s o l e n o i d   36  e f f e c t s   i t s   d r a w i n g   and  d r i v i n g   f o r c e ,   t h e  

m a g n e t i c   e n e r g y   of  t h e   p e r m a n e n t   m a g n e t   43  w i t h   w h i c h  

t h e   d r a w i n g   f o r c e   i s   g e n e r a t e d   in  t h e   d i r e c t i o n   D  i s  

r e d u c e d   by  t h a t   of  t h e   l e a k i n g   f l u x e s   of  t h e   s o l e n o i d  

36.  T h i s   i s   a  p r e f e r a b l e   e f f e c t   b u t   can  be  a c h i e v e d  

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

p e r m a n e n t   m a g n e t   43  i s   a r r a n g e d   as  shown  in  F i g .   4 .  

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

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

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

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

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

m a g n e t   43  can  be  a c t e d   on  t h e   a r m a t u r e   when  i t   i s   r e t u r n e d  

f rom  i t s   d r i v e n   p o s i t i o n .   T h i s   i s   an  e x t r e m e l y   d e s i r a b l e  

e f f e c t .   F i g .   4  i s   a  s e c t i o n a l   v i e w   b u t   h a t c h i n g   in  e a c h  

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

A  s e c o n d   e m b o d i m e n t   of  e l e c t r o m a g n e t i c   o s c i l l a t i o n  

pump  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   and  shown  i n  

F i g .   5  i s   same  in  f u n d a m e n t a l   c o n s t r u c t i o n   as  t h e  

f i r s t   one .   T h e r e f o r e ,   e a c h   of  i t s   p a r t s   i s   r e p r e s e n t e d  

by  a  r e f e r e n c e   n u m e r a l   e x p r e s s e d   by  a d d i n g   one  h u n d r e d  

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

d e s c r i p t i o n   on  t h e s e   p a r t s   w i l l   be  o m i t t e d .  



In  t h e   c a s e   of  t h i s   s e c o n d   e m b o d i m e n t   of  a  pump  1 1 0 ,  

a  p i p e - l i k e   o s c i l l a t i n g   member   122  has   d i a p h r a g m s   w h i c h  

s e r v e   as  a  p a i r   of  e x p a n s i b l e   p o r t i o n s   126  and  127  a n d  

w h i c h   a r e   s u p p o r t e d   by  a  pump  f r a m e w o r k   v i a   end  p o r t i o n s  

123  and  124 .   Bo th   of  d i a p h r a g m - s h a p e d   e x p a n s i b l e  

p o r t i o n s   126  and  127  a l l o w   t h e  s p a c e   to   be  made  s m a l l e r  

in   t h e   a x i a l   d i r e c t i o n   as  c o m p a r e d   w i t h   t h e   b e l l o w s -  

s h a p e d   e x p a n s i b l e   p o r t i o n s   26  and  27,  and  t h i s   i s  

s u i t a b l e   f o r   a  pump  whose   l e n g t h   i s   s h o r t e n e d .  

A  m o v a b l e   v a l v e   133  i s   a r r a n g e d   i n s i d e   an  i n t e r -  

m e d i a t e   p o r t i o n   128  and  to   one  s i d e   t h e r e o f .   A  f i x e d  

v a l v e   142  i s   a r r a n g e d   i n s i d e   an  end  member   114  a n d  

o p p o s i t e   to   t h e   m o v a b l e   v a l v e   133 .   A  s l e e v e - s h a p e d  

m o v a b l e   a r m a t u r e   135  f i x e d   a r o u n d   t h e   i n t e r m e d i a t e  

p o r t i o n   c o r r e s p o n d s   to   a  s o l e n o i d   136  and  a  p e r m a n e n t  

m a g n e t   143  a r r a n g e d   c o n c e n t r i c   w i t h   and  a r o u n d   t h e  

a r m a t u r e   135 .   The  p e r m a n e n t   m a g n e t   143  u s e s   i t s   d r a w i n g  

f o r c e   to   r e t u r n   t h e   a r m a t u r e   135 ,   w h i c h   has   b e e n   d r a w n  

and  d r i v e n   by  t h e   s o l e n o i d ,   f r om  i t s   d r i v e n   p o s i t i o n  

to  i t s   o r i g i n a l   p o s i t i o n   shown  in   F i g .   5.  The  c o n v e n -  

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

u n n e c e s s a r y .   Same  t h i n g   as  in   t h e   f i r s t   e m b o d i m e n t  

can  be  s a i d   a b o u t   t h e   p o s i t i o n a l   r e l a t i o n   b e t w e e n   t h e  

s o l e n o i d   136  and  p e r m a n e n t   m a g n e t   143  and  t h e   a c t i o n  

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

As  d e s c r i b e d   a b o v e ,   any  of  e m b o d i m e n t s   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   a l l o w s   t h e   a r m a t u r e   to   b e  

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

b u t   by  t h e   d r a w i n g   f o r c e   of  t h e   p e r m a n e n t   m a g n e t .  

S i n c e   no  member   s u c h   as  t h e   s p r i n g   w h i c h   may  b r e a k  

b e c a u s e   of  i t s   f a t i g u e   when  t h e   o s c i l l a t i n g   member   i s  

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

r e l i a b i l i t y   of  t h e   pump  can  be  e n h a n c e d .   In  a d d i t i o n ,  

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

a t t a c h i n g   p o r t i o n s   of  t h e   s p r i n g   and  to  do  t h e   t r o u b l e -  

some  work   of  a t t a c h i n g   i t .   F u r t h e r ,   t h e   w h o l e   of   t h e  

pump  can  be  e a s i l y   s m a l l e r - s i z e d   and  t h e   p r o b l e m   o f  



c o r r o s i o n   can  be  s o l v e d   s u b s t a n t i a l l y   even   i f   t he   p u m p  
is   u sed   u n d e r   s p e c i f i c   a t m o s p h e r e   b e c a u s e   no  s p r i n g  

i s   e m p l o y e d   as  m o v a b l e   m e c h a n i c a l   p a r t .   As  a p p a r e n t  

f rom  t he   a b o v e ,   t h e   p r e s e n t   i n v e n t i o n   can  p r o v i d e  

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

v a r i o u s   e x c e l l e n t   e f f e c t s .  

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

is   n o t   l i m i t e d   to  t he   a b o v e - d e s c r i b e d   e m b o d i m e n t s .  

The  p e r m a n e n t   m a g n e t   may  no t   be  c o n n e c t e d   or  a r r a n g e d  

a d j a c e n t   to  t h e   s o l e n o i d   and  i s   n o t   l i m i t e d   to   t h o s e  

of  r i n g - s h a p e d   or  a n n u l a r   t y p e .  



1.  An  e l e c t r o m a g n e t i c   o s c i l l a t i o n   pump  c o m p r i s i n g  

a  pump  f r a m e w o r k   (12,  14,  17,  18;  112,   114 ,   117 ,   1 1 8 )  

h a v i n g   an  i n l e t   (11,  111)  and  an  o u t l e t   (13,   1 1 3 ) ,  

a  p i p e - l i k e   o s c i l l a t i n g   member   (22,   122)  s u p p o r t e d  

a t   b o t h   e n d s   t h e r e o f   by  s a i d   f r a m e w o r k   and  h a v i n g   a  

p a i r   of  e x p a n s i b l e   p o r t i o n s   (26,   27;  126 ,   127)  a n d  

an  i n t e r m e d i a t e   p o r t i o n   (28,  128)  b e t w e e n   s a i d   e x p a n s i b l e  

p o r t i o n s   and  o s c i l l a t e d   a l o n g   an  a x i a l   l i n e   (25)  i n  

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

of  s a i d   e x p a n s i b l e   p o r t i o n s   to   f e e d   a  l i q u i d   t h e r e -  

t h r o u g h ,   a  m o v a b l e   v a l v e   (33,   133)  s u p p o r t e d   i n s i d e   t h e  

i n t e r m e d i a t e   p o r t i o n   and  m o v a b l e   w i t h   t h e   i n t e r m e d i a t e  

p o r t i o n ,   a  m o v a b l e   a r m a t u r e   (35,   135)  f i x e d   a r o u n d   t h e  

i n t e r m e d i a t e   p o r t i o n   and  m o v a b l e   w i t h   t h e   i n t e r m e d i a t e  

p o r t i o n   b e t w e e n   an  o r i g i n a l   p o s i t i o n   and  a  d r i v e n  

p o s i t i o n ,   a  s o l e n o i d   (36,  136)  a r r a n g e d   in   t h e   f r a m e w o r k  

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

f o r c e   to   d raw  and  d r i v e   t h e   a r m a t u r e   t o g e t h e r   w i t h   t h e  

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

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

c h a r a c t e r i z e d   in  t h a t   a  p e r m a n e n t   m a g n e t   (43,   143)  i s  

a r r a n g e d   in   t h e   f r a m e w o r k   (12,   14,  17,  18;  112 ,   1 1 4 ,  

117,   118)  in  a  m a n n e r   to   c o r r e s p o n d   to   t h e   a r m a t u r e  

(35,   135)  t h e r e b y   to  r e t u r n   by  t h e   d r a w i n g   f o r c e   o f  

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

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

a x i a l   l i n e   ( 2 5 ) .  

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

to  c l a i m   1,  w h e r e i n   s a i d   p e r m a n e n t   m a g n e t   (43,   1 4 3 )  

i s   a r r a n g e d   a d j a c e n t   to  t h e   s o l e n o i d   (36,   136)  and  t o  

one  s i d e   t h e r e o f   a l o n g   t h e   a x i a l   l i n e .  

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

to  c l a i m   2,  w h e r e i n   s a i d   p e r m a n e n t   m a g n e t   (43,   1 4 3 )  

has   a  p a i r   of  y o k e s   (39,  40;  139 ,   140)  f o r   s a n d w i c h i n g  

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



one  (40,  140)  of  s a i d   y o k e s   i s   commonly   u s e d   as  one  o f  

p a i r e d   y o k e s   (40,  44;  140,   144)  f o r   t he   s o l e n o i d .  

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

to  any  of  c l a i m s   1,  2  and  3,  w h e r e i n   s a i d   p e r m a n e n t  

m a g n e t   (43,   143)  is   r i n g - s h a p e d   to  e n c l o s e   t he   a r m a t u r e  

(35,   1 3 5 ) .  

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

to  c l a i m   1,  f u r t h e r   c o m p r i s i n g   a  f i x e d   v a l v e   (42,   1 4 2 )  

d i s p o s e d   r e m o t e   f rom  t h e   m o v a b l e   v a l v e   (33,   1 3 3 ) .  

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

to  c l a i m   1,  w h e r e i n   t h e   e x p a n s i b l e   p o r t i o n s   (26,   2 7 )  

of  s a i d   o s c i l l a t i n g   member  (22)  a r e   b e l l o w s - s h a p e d .  

7.  An  e l e c t r o m a g n e t i c   o s c i l l a t i o n   pump  a c c o r d i n g  

to  c l a i m   1,  w h e r e i n   t h e   e x p a n s i b l e   p o r t i o n s   (126 ,   1 2 7 )  

of  s a i d   o s c i l l a t i n g   member  (122)  a r e   d i a p h r a g m - s h a p e d .  
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