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Improved  solenoid. 

An  improved  solenoid  for  use  in  a  solenoid  actuated 
valve  or  switch  as  disclosed.  The  problem  with  the  prior  art 
solenoid  is  that  the  magnetic  circuit  thereof  during 
operation  of  the  solenoid  contains  two  air  gaps  which 
adversely  affect  not  only  the  pulling force  of  the solenoid  but 
also  its  response  time.  The  pulling  force  and  response  time 
is  improved  by  the  incorporation  of  a  plate  or  disc  type 
armature  (68,  90,  154)  which  is  relatively  unrestrained  with 
respect  to  the  actuating  mechanism  for  the  valve  or  switch 
device  to  be  operated  thereby  to  eliminate  one  of  the  air 
gaps  leaving  thereby  only  a  single  air  gap  in  the  magnetic 
circuit  (Fig.  2). 



T h i s   i n v e n t i o n   r e l a t e s   g e n e r a l l y   to  t h e   f i e l d  

of   s o l e n o i d s   and  s o l e n o i d   a c t u a t e d   v a l v e s .   More  s p e c i -  

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

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

c o n s t r u c t i o n s .  

BACKGROUND  ART 

S o l e n o i d s   and  s o l e n o i d   a c t u a t e d   v a l v e s   a r e  

w e l l - k n o w n   in   t h e   a r t .   A  s o l e n o i d   t y p i c a l l y   c o m p r i s e s  

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

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

may  be  e q u i p p e d   w i t h   a  m o v a b l e   p l u n g e r   in   t h e   f o r m   o f  

an  i r o n   r o d   or  b a r   d e s i g n e d   f o r   a x i a l   m o v e m e n t   w i t h  

r e s p e c t   to  t h e   c o i l .  

The  f o r c e   or  p u l l   w h i c h   may  be  e x e r t e d   by  t h e  

s o l e n o i d   i s   a  f u n c t i o n   of   t h e   c u r r e n t   in   t h e   c o i l   o n c e  
t h e   c o r e   has   b e c o m e   s a t u r a t e d .   P r i o r   to  s a t u r a t i o n ,  
f o r c e   or   p u l l   i s   p r o p o r t i o n a l   to  t h e   s q u a r e   of  t h e  

e x c i t i n g   c u r r e n t .   In  g e n e r a l ,   t h e   f o r c e   or   p u l l   of  a  
s o l e n o i d   may  be  i n c r e a s e d   u s i n g   an  i r o n c l a d   s o l e n o i d   s o  

as  to   p r o v i d e   an  i r o n   r e t u r n   p a t h   f o r   t h e   m a g n e t i c  
f l u x .   As  a  c o r o l l a r y ,   i t   is   w e l l - k n o w n   t h a t   as  t h e   a i r  

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

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

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

a r m a t u r e   moves   a x i a l l y   i n t o   t h e   c o i l ,   t h e   a i r   gap  i n  

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



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

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

h a v e   b o t h  a   p r i m a r y   a n d  a  s e c o n d a r y   a i r   gap .   T h e s e  

gaps   w i l l   u s u a l l y   be  f o u n d   a t   o p p o s i t e   e n d s   of   t h e  

a r m a t u r e   and  w i l l   be  of  t h e   same  m a g n i t u d e   s i n c e   t h e  

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

no  a i r   gap  in   t h e   f u l l y   e n e r g i z e d   s t a t e ,   The  u s e f u l  

t r a v e l   of   t h e   a r m a t u r e   i s   t h u s   e q u a l   to  a p p r o x i m a t e l y  

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

r e f e r r e d   to  a b o v e ,   t h e   a r m a t u r e   may  be  m o u n t e d   on  a  r o d  

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

m o v e m e n t   w i t h i n   t h e   s o l e n o i d   c o i l   as  shown  in   U . S .  

p a t e n t s   2 , 7 6 5 , 8 0 8   and   3 , 2 5 0 , 2 9 3 .   Such   m o v e m e n t   may  b e  

r e s i s t e d   by  f r i c t i o n a l   f o r c e s   c a u s e d   by  t he   s i d e   t h r u s t  

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

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

m a g n e t i c   f i e l d .  

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

i s   shown  in   U .S .   p a t e n t   1 , 3 3 3 , 6 8 1   w h e r e   a  c u p - s h a p e d  

a r m a t u r e   r e s t r a i n e d   to  move  o n l y   in   an  a x i a l   d i r e c t i o n  

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

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

a p p e a r s   in   U .S .   p a t e n t   3 , 3 2 5 , 1 3 9   w h e r e i n   t h e   a r m a t u r e  

has   a  t a p e r e d   or  c o n i c a l   s h a p e   and  moves   a x i a l l y   i n t o   a  

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

a r m a t u r e   c o n s t r a i n e d   to   move  in   an  a x i a l   d i r e c t i o n   i s  

shown  in   U .S .   p a t e n t s   3 , 4 2 2 , 8 5 0   and  3 , 5 2 3 , 5 5 6 ,   A 

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

as  a  v a l v e   d i s c   i s   shown  in   U .S .   p a t e n t   3 , 7 5 1 , 0 0 1 ,   T h e  

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

m o u n t i n g   to  an  o s c i l l a t i o n   or  o s c i l l a t o r y   m o t i o n   a b o u t  

t h e   p i v o t   m o u n t i n g .  

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

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

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

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



t h e   s o l e n o i d   b u t   a l s o   i t s   r e s p o n s e   t i m e .   G e n e r a l l y ,   a n d  

in  a c c o r d a n c e   w i t h   ou r   i n v e n t i o n ,   we  o v e r c o m e   t h i s   p r o b l e m  

by  e l i m i n a t i n g   one  of   t h e   a i r   gaps   i m m e d i a t e l y   on  e n e r g i z -  

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

a f t e r   i s   t h r o u g h   o n l y   one  r e m a i n i n g   a i r   g a p ,   t h e   gap  b e t w e e n  

t h e   a r m a t u r e   and  a  s l e e v e   of   t h e   s o l e n o i d ,   as  h e r e i n a f t e r  

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

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

of   t h e   a r m a t u r e   to  e f f e c t i v e l y   e l i m i n a t e   one  of   t h e   a i r  

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

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

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

d e s c r i b e d   p r i o r   s o l e n o i d s .  

DISCLOSURE  OF  THE  INVENTION 

W i t h   t h e   f o r e g o i n g   in   m i n d ,   we  p r o v i d e   in   a c c o r d -  

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

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

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

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

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

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

w i t h i n   an  a r m a t u r e   c h a m b e r   f o r m e d   a d j a c e n t   one  end  o f  

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

d e f i n i n g   t he   c h a m b e r ,   and  means   p r o v i d i n g   m a g n e t i c   c i r -  

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

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

i n i t i a l l y   in   e n g a g e m e n t   t h e r e w i t h , a n d   t h e r e a f t e r   t o w a r d  

s a i d   s l e e v e .  

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

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

f l a t   a r m a t u r e   member   w h i c h   may  be  in   t h e   f o r m   of  a  d i s c .  

The  a r m a t u r e   may  be  u n i t a r y   or  i t   may  be  s p l i t .   T h e  

a r m a t u r e   may  m o r e o v e r   c o n s t i t u t e   a  p a r t   of   a  v a l v e   or  m a y  
d i r e c t l y   or  i n d i r e c t l y   a c t u a t e   a  v a l v e   m e m b e r .   W h e r e  

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



i t   may  do  so  t h r o u g h   a  p i n   w h i c h   i s   p r e f e r a b l y   made  o f  

n o n - m a g n e t i c   m a t e r i a l   or   m a t e r i a l   of  r e l a t i v e l y   l o w  

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

may  i n c l u d e   an  i n t e g r a l   b o d y   and  v a l v e   p o r t i o n   or  i t   m a y  

c o o p e r a t e   w i t h   an  e x t e r n a l   v a l v e   m e c h a n i s m .   A d d i t i o n -  

a l l y ,   a  p o r t i o n   of  t h e   m a g n e t i c   c i r c u i t   may  be  p r o v i d e d  

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

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

d e v i c e .  

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

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

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

and  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 u r e   1  i s   a  top   p l a n   v i e w   of   an  i m p r o v e d  

s o l e n o i d   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 ;  

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

s o l e n o i d   v a l v e   t a k e n   a l o n g   l i n e   2-2   of   F i g u r e   1 ;  

F i g u r e   3A-3D  a r e   a  s e r i e s   of  f r a g m e n t a r y  

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

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

a r m a t u r e   of   t h e   s o l e n o i d   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 u r e   4  i s   a  g r a p h   s h o w i n g   t h e   i m p r o v e d   p e r -  
f o r m a n c e   of   t h e   s o l e n o i d   of   t h e   p r e s e n t   i n v e n t i o n   i n  

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

F i g u r e   5  i s   a  t op   p l a n   v i e w   of  a  m o d i f i e d  

f o r m   of   a  s o l e n o i d   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 ;  

F i g u r e   6  i s   a  c r o s s - s e c t i o n a l   v i e w   of  t h e  

m o d i f i e d   s o l e n o i d   v a l v e   t a k e n   a l o n g   l i n e s   6-6  o f   F i g u r e  

5 ;  

F i g u r e   7  i s   a  c r o s s - s e c t i o n a l   v i e w   of   a  

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

F i g u r e   8  i s   a  m o d i f i c a t i o n   of  t h e   s o l e n o i d  

v a l v e   shown  in   F i g u r e   2  w h e r e i n   t h e   a c t u a t i n g   p i n   i s  

o f f s e t   f r o m   t he   a x i s   of   t h e   s o l e n o i d ;   a n d  



F i g u r e   9  i s   a  f u r t h e r   m o d i f i c a t i o n   of  t h e  

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

member   is   d i v i d e d .  

DETAILED  DESCRIPTION  OF  THE  INVENTION 

R e f e r r i n g   f i r s t   to  F i g u r e s   1  and  2,  t h e  

s o l e n o i d   v a l v e   body   is   i n d i c a t e d   g e n e r a l l y   by  t h e  

n u m e r a l   10  and  c o m p r i s e s   a n  u p p e r   s o l e n o i d   p o r t i o n   1 2  

and  a  l o w e r   v a l v e   p o r t i o n   14.  The  v a l v e   b o d y   10  i s  

s y m m e t r i c a l   a b o u t   i t s   a x i s   and  is   made  f r o m   a  m a g n e t i c  

m a t e r i a l   so  as  to  be  c a p a b l e   of  f u n c t i o n i n g   as  p a r t   o f  

.  a   m a g n e t i c   c i r c u i t .   P r e f e r a b l y ,   t h e   body   10  i s   f o r m e d  

w i t h   f i v e   c o n c e n t r i c   and  c o m m u n i c a t i n g   b o r e s .   At  t h e   t o p ,  

t h e   l a r g e s t   b o r e   i s   t h e   s o l e n o i d   b o r e   16  w h i c h   i s  

a d a p t e d   to  r e c e i v e   t h e   s o l e n o i d   c o i l   18.  A  s e c o n d   a n d  

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

b e t w e e n   t h e   s o l e n o i d   b o r e   16  and  a  b a l l   v a l v e   b o r e   2 2 .  

The  f o u r t h   and  s t i l l   s m a l l e r   s p r i n g   b o r e   24  c o m m u n i c a t e s  

b e t w e e n   t h e   b a l l   v a l v e   b o r e   22  and  a  r e l i e f   a p e r t u r e  

2 6 .  

The  v a l v e   p o r t i o n   14  of  t h e   body   10  h a s  

t h r e a d s   28  f o r m e d   e x t e r i o r l y   t h e r e o n   to  f a c i l i t a t e   t h e  

a t t a c h m e n t   of  t h e   s o l e n o i d   v a l v e   to  a  m a c h i n e   ( n o t  

shown)   or  o t h e r   d e v i c e   w i t h   w h i c h   t h e   v a l v e   may  b e  

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

w a s h e r s   or  0 - r i n g   s e a l s   ( n o t   shown)   may  a l s o   be  e m p l o y e d ,  

An  a n n u l a r   g r o o v e   29  is   f o r m e d   on  t h e   o u t e r   s u r f a c e   o f  

t h e   v a l v e   p o r t i o n   14  and  a  d i a m e t r a l   p a s s a g e w a y   30  

c o m m u n i c a t e s   b e t w e e n   t h e   a n n u l a r   g r o o v e   29  and  t h e   b a l l  

v a l v e   b o r e   22.  A  s e c o n d   a n n u l a r   g r o o v e   32  i s   f o r m e d   i n  

t h e   v a l v e   p o r t i o n   14  of  t h e   s o l e n o i d   body   10  and  c o m m u n i -  

c a t e s   t h r o u g h   a  s e c o n d   d i a m e t r a l   p a s s a g e w a y   34  w i t h   t h e  

s l e e v e   b o r e   20.  The  a n n u l a r   g r o o v e   32  may,  f o r   e x a m p l e ,  

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

p r e s s u r e   w h i l e   t h e   a n n u l a r   g r o o v e   29  c o m m u n i c a t e s   w i t h  

a  d e v i c e   r e q u i r i n g   a  s u p p l y   of  p r e s s u r i z e d   f l u i d .  

A  s l e e v e   36  made  f r o m   a  m a g n e t i c   m a t e r i a l   i s  

p r e s s   f i t t e d   i n t o   t h e   s l e e v e   b o r e   20,  or  o t h e r w i s e  

c l o s e l y   f i t t e d   to  t h e   s l e e v e   b o r e   20,  and  e x t e n d s  



u p w a r d l y   to  a  p o i n t   n e a r   t h e   t op   of   t h e   s o l e n o i d   b o d y  

10.  The  s l e e v e   36  i s   p r o v i d e d   w i t h   an  a x i a l   b o r e   3 8  

w h i c h   c o n t a i n s   an  e n l a r g e d   r e g i o n   40  a t   t h e   t h e   l o w e r   e n d  

t h e r e o f .   An  a n n u l a r   g r o o v e   42  i s   f o r m e d   on  t h e   o u t s i d e  

s u r f a c e   of  t h e   s l e e v e   36  so  as  to  r e g i s t e r   w i t h   t h e  

d i a m e t r a l   p a s s a g e w a y   34  and  a  d i a m e t r a l   p a s s a g e w a y   4 4  

c o m m u n i c a t e s   b e t w e e n   t h e   a n n u l a r   g r o o v e   42  and  t h e  

e n l a r g e d   r e g i o n   40  of   t h e   a x i a l   b o r e   3 8 .  

A  b a l l   v a l v e   46  is   l o c a t e d   in   t h e   b a l l   v a l v e  

b o r e   22  and  b i a s e d   by  a  s p r i n g   48  a g a i n s t   a  s e a t   5 0  

f o r m e d   in   t h e   l o w e r   end  of   t h e   s l e e v e   36  by  t h e   e n l a r g e d  

r e g i o n   40  of   t h e   a x i a l   b o r e   38.  The  s p r i n g   48  i s  

s e a t e d   in   t h e   s p r i n g   b o r e   2 4 .  

The  s o l e n o i d   c o i l   18  may  be  s e a l e d   i n t o . t h e  

s o l e n o i d   p o r t i o n   12  of   t h e   s o l e n o i d   b o d y   10  by  a p p r o -  

p r i a t e   p o t t i n g   m a t e r i a l   52.  One  t e r m i n a l   54  of  t h e  

s o l e n o i d   c o i l   18  may  be  c o n n e c t e d   e l e c t r i c a l l y   to  t h e  

s o l e n o i d   p o r t i o n   12  of   t h e   s o l e n o i d   b o d y   10  w h i c h ,   i n  

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

o t h e r   t e r m i n a l   56  o f   t h e   s o l e n o i d   c o i l   18  c a r r i e s   a  

s c r e w   58  to   c o n n e c t   t h e   s o l e n o i d   c o i l   18  to   an  a p p r o p r i a t e  
e l e c t r i c a l   c i r c u i t   ( n o t   s h o w n ) .   Of  c o u r s e ,   e x t e r n a l  

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

be  p r o v i d e d .  

An  a n n u l a r   cap  60  made  f r o m   a  m a g n e t i c   m a t e r i a l  

i s   a f f i x e d   to   t h e   s o l e n o i d   p o r t i o n   12  of   t h e   b o d y   1 0 ,  

f o r   e x a m p l e ,   by  c r i m p i n g   a  t h i n   w a l l   p o r t i o n   62  of  t h e  

body   10  o v e r   t h e   r i m   of   t h e   cap  60.  The  t h i n   w a l l  

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

i n t e r c o n n e c t   t h e   a n n u l a r   cap  60  and  t h e   s o l e n o i d   p o r t i o n  
12  of   t h e   b o d y   10  w h i c h ,   in   t u r n ,   i s  i n   m a g n e t i c   c o n n e c -  

t i o n   w i t h   t h e   s l e e v e   36.  The  u p p e r   p o r t i o n   of   t h e   cap  6 0  

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

a  s t a n d a r d   1 2 - p o i n t   s o c k e t   w r e n c h   to  f a c i l i t a t e   t i g h t e n -  

i n g   of   t h e   s o l e n o i d   b o d y   10  i n t o   a  t h r e a d e d   s e a t   ( n o t  

s h o w n ) .   Of  c o u r s e ,   t h e   cap  60  may  be  d e s i g n e d   to   b e  

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



t i g h t e n i n g   means   may  be  f o r m e d   on  t h e   e x t e r i o r   s u r f a c e  

of  t h e   s o l e n o i d   p o r t i o n   12  of   t h e   b o d y   10.  P r e f e r a b l y  

an  i n s e r t   64  made  f r o m   a  n o n - m a g n e t i c   m a t e r i a l   i s  

f i t t e d   i n t o   t h e   a n n u l a r   cap  60.  W h i l e   t h e   i n s e r t   64  i s  

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

o r i f i c e ,   i t   may  be  d e s i r a b l e   to  r e d u c e   t h e   s i z e   of  t h e  

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

i n t o   t h e   a r m a t u r e   c h a m b e r   or  to  e l i m i n a t e   t h e   o r i f i c e  

i f   no  v e n t i n g   i s   d e s i r e d .   A  d r i v e   p i n   66,  p r e f e r a b l y  

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

r e c i p r o c a t i n g   m o v e m e n t   w i t h i n   t h e   a x i a l   b o r e   38  of  t h e  

s l e e v e   36  and   i s   of  s u c h   l e n g t h   as  to  c o n t a c t   t h e   b a l l  

v a l v e   46  a t   i t s   l o w e r   end  and  an  a r m a t u r e   member   68  a t  

i t s   u p p e r   end .   When  t h e   b a l l   v a l v e   46  is   in   c o n t a c t  

w i t h   i t s   s e a t   50,  t h e   d r i v e   p i n   66  p u s h e s   t h e   a r m a t u r e  

member   68  u p w a r d l y   and   c l o s e l y   a d j a c e n t   to  t h e   l o w e r  

s u r f a c e   of   t h e   i n s e r t   64.  I t   w i l l   be  u n d e r s t o o d   t h a t  

t h e   d r i v e   p i n   66  i s   n o t   a f f i x e d   to  e i t h e r   t h e   b a l l  

v a l v e   46  or  t h e   a r m a t u r e   member   6 8 ,  

The  a r m a t u r e   member   68  is   made  f r o m   a  m a g n e t i c  

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

of  t h e   a n n u l a r   cap  60  w h i c h   d e f i n e s   an  a r m a t u r e   c h a m b e r .  

As  shown  in   F i g u r e s   1  and  2,  t h e   a r m a t u r e   member   68  i s ,  

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

c h a m b e r   of   t h e   a n n u l a r   cap  60.  I t   w i l l   t h u s   be  a p p a r e n t  
t h a t   t h e   a r m a t u r e   member   68  i s   f r e e l y   m o v e a b l e ,   i . e . ,  

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

m o t i o n   w i t h   r e s p e c t   to  t h e   d r i v e   p i n   66  w h i c h   c o m p r i s e  

t r a n s l a t i o n   or  r o t a t i o n   or   b o t h .   In  o r d e r   to  a c c o m p l i s h  
t h i s   m o t i o n ,   t h e   maximum  d i m e n s i o n   of   t h e   a r m a t u r e   m u s t  

be  l e s s   t h a n   t h e   i n s i d e   d i m e n s i o n   of  t h e   a r m a t u r e  

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

n o t   b e i n g   c r i t i c a l .  

R e f e r r i n g   p a r t i c u l a r l y   to  F i g u r e   2,  t h e  

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

t h e   body   10,  t h e   t h i n   w a l l   p o r t i o n   62  of  t h e   b o d y   1 0 ,  

t h e   s l e e v e   36,  t h e   a r m a t u r e   member   68  and  t h e   a n n u l a r  



cap  60.  In  t h i s   c i r c u i t ,   two  a i r   gaps   a r e   i n i t i a l l y  

p r e s e n t ,   a  l a t e r a l   one  b e t w e e n   t h e   a r m a t u r e   member   a n d  

t h e   i n s i d e   w a l l   of   t h e   a n n u l a r   cap  60  and  an  a x i a l   g a p  
b e t w e e n   t h e   a r m a t u r e   and   t h e   u p p e r   end   of   t h e   s l e e v e .  

B e c a u s e   t h e r e   i s   r e l a t i v e l y   l i t t l e   r e s i s t a n c e   to   l a t e r a l  

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

c u r r e n t   t h r o u g h   t h e   c o i l   18,  t h e   r e s u l t i n g   m a g n e t i c  

f i e l d   w i l l   e x e r t   a  f o r c e   on  t h e   a r m a t u r e   member   68  w h i c h  

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

u n t i l   c o n t a c t   i s   made  b e t w e e n   t h e   a r m a t u r e   member   68  a n d  

a  p o i n t   on  t h e   i n t e r n a l   w a l l   of   t h e   cap  60,  Of  c o u r s e ,  
t h e   a r m a t u r e   member   68  may  f o r t u i t o u s l y   a l r e a d y   be  i n  

c o n t a c t   w i t h   t h e   i n t e r n a l   p e r i p h e r a l   w a l l   of   t h e   cap  6 0 .  

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

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

l e a v i n g   t h e r e b y   o n l y   a  s i n g l e   a i r   gap  - -   t h e   gap  b e t w e e n  

t h e   a r m a t u r e   member   68  and  t h e   s l e e v e   3 6 ,  

R e f e r e n c e   i s   now  made  to  F i g u r e s   3A-3D  w h i c h  

show,   s c h e m a t i c a l l y ,   t h e   m o v e m e n t   of   t h e   a r m a t u r e  

member   68  and  d r i v e   p i n   66  when  e l e c t r i c a l   c u r r e n t   i s  

c a u s e d   to  f l o w   in  t h e   c o i l   18,  F i g u r e   3A  r e p r e s e n t s  

t h e   g e n e r a l   c o n d i t i o n   of   t h e   a r m a t u r e   member   68  when  n o  

c u r r e n t   i s   f l o w i n g   in   t h e   c o i l   18.  U n d e r   t h i s   c o n d i t i o n ,  

t h e   s p r i n g   48  w i l l   u r g e   t h e   b a l l   v a l v e   46  a g a i n s t   i t s  

s e a t   50  and  p u s h   t h e   d r i v e   p i n   66  u p w a r d l y .   I f   p r e s s u r -  
i z e d   h y d r a u l i c   f l u i d   i s   p r e s e n t   a b o v e   t h e   b a l l   v a l v e   46  i n  

t h e   r e g i o n s   i d e n t i f i e d   by  t h e   n u m e r a l s   32,  34,  40,   4 2  

and  44,  ( i n   F i g u r e   2 ) ,   f l u i d   p r e s s u r e   w i l l   a l s o   a c t   o n  

t h e   end  of   t h e   d r i v e   p i n   66  f o r c i n g   i t   u p w a r d l y   u n t i l  

t h e   d r i v e   p i n   66  h o l d s   t h e   a r m a t u r e   member   68  a g a i n s t  
t h e   i n s e r t   64  as  s u g g e s t e d   by  t he   a r r o w   70  in   f i g u r e  
3A.  As  s o o n   as  c u r r e n t   b e g i n s   to  f l o w   in   t h e   c o i l   1 8 ,  

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

f o r c e   on  t h e   l i g h t w e i g h t   a r m a t u r e   member   68,  S i n c e   t h e  

a n n u l a r   gap  b e t w e e n   t h e   a r m a t u r e   member   68  and  t h e   c a p  
60  w i l l ,   in   g e n e r a l ,   n o t   be  u n i f o r m ,   t h e   a r m a t u r e  

member   w i l l   f i r s t   move  in   t h e   d i r e c t i o n   w h e r e   t h e  



s m a l l e s t   gap  e x i s t s   s i n c e ,   a t   t h i s   p o i n t ,   t h e   f o r c e  

a c r o s s   t h e   gap  i s   a t   a  maximum.   T h i s   i n i t i a l   m o t i o n   i s  

i n d i c a t e d   by  t h e   a r r o w   72  in   F i g u r e   3B  and  t h e   r e m a i n i n g  

a i r   gap  i s   i n d i c a t e d   by  t h e   d i m e n s i o n   74  in   F i g u r e   3 B ,  

As  shown  i n   F i g u r e   3C,  t h e   f o r c e   a c r o s s   t h e  

a i r   gap  b e t w e e n   t h e   s l e e v e   36  and   t h e   a r m a t u r e   m e m b e r  

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

t h e   p o i n t   A  so  as  to  p r o v i d e   a  l e v e r   a c t i o n   w h i c h   w i l l  

b e g i n   to  f o r c e   t h e   d r i v e   p i n   66  to  move  in   a  d o w n w a r d l y  

d i r e c t i o n ,   as  i n d i c a t e d   by  t h e   a r r o w   76,  t h e   d i m e n s i o n  

78.  The  a i r   gap  74  b e t w e e n   t h e   a r m a t u r e   member   68  a n d  

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

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

w i l l   i n c r e a s e   t h e   f o r c e   on  t h e   p i n   66  w h i c h   t e n d s   t o  

o v e r c o m e   t h e   f o r c e   of  s p r i n g   48  to  o p e n   t h e   b a l l   v a l v e  

4 6 .  

U l t i m a t e l y ,   t h e   gap  74  w i l l   be  s u b s t a n t i a l l y  

c l o s e d   as  shown  in  F i g u r e   3D  as  t h e   d r i v e   p i n   66  r e a c h e s  

t h e   l i m i t   of   i t s   t r a v e l .   At  t h i s   p o i n t ,  t h e   gap  may  b e  

on  t h e   o r d e r   of  0 . 0 1 0   i n c h .  

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   i n i t i a l   m o v e -  

men t   of   t h e   a r m a t u r e   member   68  w h i c h   e l i m i n a t e s   t h e   g a p  
b e t w e e n   t h e   a r m a t u r e   member   and  t h e   cap  60  o c c u r s   u n d e r  

a l m o s t   f r i c t i o n l e s s   c o n d i t i o n s   and  t h e r e f o r e   i s   a c c o m -  

p l i s h e d   v e r y   q u i c k l y .   T h u s ,   t h e   a c t u a l   a m o u n t   or   d i m e n s i o n  

of   t h i s   f i r s t   gap  i s  o f   no  g r e a t   s i g n i f i c a n c e .   T h e  

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

t h e r e a f t e r   when  o n l y   gap  74  r e m a i n s .   As  t h e   c l e a r a n c e s  

in   t h e   m e c h a n i c a l   s y s t e m   m u s t   f i r s t   be  t a k e n   up,   t h e  

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

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

in   d r i v i n g   t h e   p i n   66  d o w n w a r d l y .   The  m e c h a n i c a l   a d v a n -  

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

f u r t h e r   f r o m   t h e   p i v o t   p o i n t   A  t h a n   i s   t h e   a x i s   of  t h e  

d r i v e   p i n   66.  The  l o c a t i o n   of  t h e   r e s u l t a n t   f o r c e   i s  



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

n a r r o w e r   p o r t i o n   of   t h e   a i r   gap  7 4 ,  

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

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

s o l e n o i d s   i s   shown  in   F i g u r e   4.  In  t h e   t e s t s   r e p r e s e n t e d  

by  F i g u r e   4,  i d e n t i c a l   s o l e n o i d   c o i l s   w e r e   u t i l i z e d .  

The  c o i l   d a t a   i s   shown  in   T a b l e   1  b e l o w :  

The  c u r v e s   of   F i g u r e   4  show  t h e   f o r c e   d e v e l o p e d   by  e a c h  

s o l e n o i d   as  a  f u n c t i o n   of   t h e   a i r   gap  74.  As  t h e  

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

i m p r o v e d   p e r f o r m a n c e   as  m e a s u r e d ,   f o r   e x a m p l e ,   by  t h e  

v e r t i c a l   d i s t a n c e s   C,  C'  i s   n e c e s s a r i l y   due  to   t h e  

n o v e l   d e s i g n   of  a p p l i c a n t ' s   a r m a t u r e   w h i c h   e n a b l e s   t h e  

s o l e n o i d   to   f u n c t i o n   in   a  new  and  i m p r o v e d   m a n n e r .  

I t   has   b e e n   n o t e d   a b o v e   t h a t   t he   i n i t i a l  

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

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

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

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

b e i n g   t a k e n   up.   T h u s ,   w h i l e   t h e   a i r   gap  i s   a t   i t s  

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

so  t h a t   t h e   s o l e n o i d   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  

is   a  r a p i d   a c t i n g   d e v i c e .   T h e s e   c h a r a c t e r i s t i c s   a r e   o f  

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

m o t i o n   r e q u i r e s   l i t t l e   f o r c e ,   t h e   t o l e r a n c e   on  t h e  

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

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

and   t h e r e f o r e   t h e   c o s t   of   t h e   s o l e n o i d   may  be  m i n i m i z e d .  

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

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 t s   i t   f o r   u s e   i n  

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



f a s t   and  r e l i a b l e   s o l e n o i d   o p e r a t i o n   i s   r e q u i r e d .  

I t   i s   to  be  u n d e r s t o o d   t h a t   a  n u m b e r   o f  

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

T h u s ,   w h i l e   i t   i s   c o n v e n i e n t   to  u s e   an  a x i a l l y   s y m m e t r i c  

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

and  an  a x i a l   p i n ,   i t   is   p o s s i b l e   to  make  t h e   a r m a t u r e  

member   or  c o i l   or  b o t h   in   an  e l l i p t i c a l   or  r e c t a n g u l a r  

s h a p e ,   and   t h e   d r i v e   p i n  m a y   be  o f f s e t   f r o m   t h e   s o l e n o i d  

a x i s .   I n d e e d ,   i f   i t   i s   d e s i r e d   to  i n c r e a s e   t h e   s o l e n o i d  

f o r c e   a t   t h e   e x p e n s e   of   r e d u c e d   t r a v e l ,   t h e   p i n   66  m a y  
be  o f f s e t   f r o m   t he   a x i s   as  shown  in  F i g u r e   8,  P a r t s  

common  to  F i g u r e s   2  and   8  a r e   shown  by  t he   same  d e s i g n a t o r s  

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

i n s t a n c e ,   o n l y   t h e   s l e e v e   member   36'   n e e d   be  m o d i f i e d  

by  p r o v i d i n g   a  b o r e   38'   t h e r e i n   w h i c h   i s   o f f s e t   f r o m  

t h e   a x i s   of  t h e   s l e e v e   by  t h e   d e s i r e d   a m o u n t ,   W i t h  

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

t h e   a r m a t u r e   member   68;  i . e . ,   t h a t   p a r t   to  t h e   l e f t   o f  

p i n   66  as  v i e w e d   in   F i g u r e   8,  w i l l   be  d r a w n   t o w a r d s   t h e  

c o i l   18  f i r s t   and  t h e   s h o r t e r   p o r t i o n   of   t h e   a r m a t u r e  

member   68  i s   a d j a c e n t   t he   p i v o t   p o i n t   A.  B e c a u s e   t h e   p i n  

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

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

In  a d d i t i o n   to  m o d i f y i n g   t h e   s h a p e   of  t h e  

a r m a t u r e   member   and  s o l e n o i d ,   i t   i s   p o s s i b l e   to  s p l i t  

t h e   a r m a t u r e   m e m b e r ,   f o r   e x a m p l e ,   a l o n g   an  a x i s   o f  

s y m m e t r y .   T h i s   f u r t h e r   m o d i f i c a t i o n   is   shown  in   F i g u r e  
9  w h e r e ,   as  in   F i g u r e   8,  p a r t s   common  to  F i g u r e s   2  a n d  

9  a r e   shown  by  t h e   same  d e s i g n a t o r s   w h i l e   m o d i f i e d  

p a r t s   a r e   i n d i c a t e d   by  a  p r i m e .   In  t h i s   m o d i f i c a t i o n ,  

o n l y   t h e   a r m a t u r e   member   68'   n e e d   be  m o d i f i e d   by  d i v i d i n g  

i t ,   f o r   e x a m p l e ,   a l o n g   an  a x i s   of  s y m m e t r y .   In  t h i s  

f o r m   of   t h e   i n v e n t i o n ,   t h e   i n i t i a l   m o t i o n   of  t h e   d i v i d e d  

a r m a t u r e   68 '   w i l l   be  t o w a r d s   t h e   i n t e r n a l   p e r i p h e r y   o f  

t h e   a n n u l a r   cap  60  so  as  to  e s t a b l i s h   p i v o t   p o i n t s   A  

and  A " .   T h e r e a f t e r ,   t h e   d i v i d e d   a r m a t u r e   68 '   w i l l   a c t  

a g a i n s t   t h e   u p p e r   end  of  t h e   p i n   66  to  d r i v e   i t   d o w n w a r d -  

l y ,  



D e p e n d i n g   on  t h e   g e o m e t r y   a n d  t o l e r a n c e s   in   t h e   s y s t e m ,  

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

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

w i t h i n   w h i c h   t h e   s o l e n o i d   b e g i n s   to  a c t .  

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

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

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

W h i l e   i t   ha s   b e e n   i l l u s t r a t e d   in   c o n j u n c t i o n   w i t h   a  

b a l l   v a l v e   in   F i g u r e   2,  t h e   s o l e n o i d   may  be  u s e d   w i t h  

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

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

E x a m p l e s   of   s u c h   f u r t h e r   m o d i f i c a t i o n s   a r e   shown  i n  

F i g u r e s   5  t h r o u g h   7 .  

R e f e r e n c e   i s   now  made  to  F i g u r e s   5  and  6 

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

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

w i t h   w h i c h   i t   i s   e m p l o y e d .  

The  m a c h i n e   body   80  f o r m e d   f r o m   a  m a g n e t i c  

m a t e r i a l   h a s   f o r m e d   t h e r e i n   a  b o r e   82  to   a c c o m m o d a t e  

t h e   s o l e n o i d   v a l v e   a s s e m b l y   84.  A  s o m e w h a t   s m a l l e r  

c o n c e n t r i c   b o r e   86  i s   a l s o   f o r m e d   in   t h e   m a c h i n e   b o d y  

80  to  r e c e i v e ,   p r e f e r a b l y ,   a  pad   or   d i s c   of  n o n - m a g n e t i c  

m a t e r i a l   88.  The  r e m a i n d e r   of   t h e   b o r e   86  f u n c t i o n s   a s  

an  a r m a t u r e   c h a m b e r   and  r e c e i v e s   t h e   r e l a t i v e l y   u n r e -  

s t r a i n e d   a r m a t u r e   member   90.  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   n o n - m a g n e t i c   p a d   or   d i s c   88  may,   a l t e r n a t i v e l y  

be  a f f i x e d   to  t h e   a r m a t u r e   member   90,  i f   d e s i r e d .   W h i l e  

i t   i s   p r e f e r r e d   to  p r o v i d e   a  d i s c   of  n o n - m a g n e t i c  

m a t e r i a l   88,  s u c h   a  d i s c   may  be  r e p l a c e d   by  an  a i r   g a p  

or  may  be  o m i t t e d   e n t i r e l y .   The  a r m a t u r e   member   90  i s  

shown  in   s o l i d   l i n e s   in   F i g u r e   6  in   i t s   u n e n e r g i z e d  

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

e n e r g i z e d   p o s i t i o n .   As  shown  in   F i g u r e   6  t h e   a r m a t u r e  

member   90  f i t s   l o o s e l y   or  f r e e l y   in   t h e   b o r e   86  so  a s  

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

member   90  and  t h e   b o r e   86.  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   m a c h i n e   body   80  f o r m s   a  p o r t i o n   of   t h e   m a g n e t i c  



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

84.  T h i s   r e q u i r e s   t h a t   t h e   m a c h i n e   body   80  be  f o r m e d  

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

i f   t h e   m a c h i n e   body   80  i s   f o r m e d   f r o m   a  n o n - m a g n e t i c  

m a t e r i a l ,   s u c h   as  a l u m i n u m ,   f o r   e x a m p l e ,   an  i n s e r t   m a d e  

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

in   t h e   m a c h i n e   body   80  in   t h e   r e g i o n   of  t h e   s o l e n o i d  

a s s e m b l y   to  m e e t   t h e   r e q u i r e m e n t s   of   t h e   m a g n e t i c  

c i r c u i t .  

The  s o l e n o i d   a s s e m b l y   84  c o m p r i s e s   a  c y l i n d r i -  

c a l   s o l e n o i d   body   p o r t i o n   92  h a v i n g   a  c i r c u m f e r e n t i a l  

s h o u l d e r   94  to  a c c o m m o d a t e   an  0 - r i n g   s e a l   96  w h i c h   p r o -  
v i d e s   a  s e a l   b e t w e e n   t h e   s o l e n o i d   b o d y   92  and  t h e   b o r e  

82.  A  s l e e v e   98  i s   p r e s s   f i t t e d   or  o t h e r w i s e   j o i n e d   t o  
t he   s o l e n o i d   body   92.  The  s l e e v e   98  i s   p r o v i d e d   w i t h  

an  a x i a l   b o r e   100 ,   t h e   u p p e r   end   of  w h i c h   may  be  t a p p e d  

to  f o r m   a  c o n n e c t i o n   f o r   a  f l u i d   l i n e   ( n o t   s h o w n ) .   A 

v a l v e   s e a t   102  may  be  f o r m e d   on  t h e   o p p o s i t e   or  i n n e r  

end  o f  t h e  s l e e v e   98.  A  p l a t e   104  is   f i t t e d   on  t h e  

s o l e n o i d   body   92  in  m a g n e t i c   c o n t a c t   w i t h   t h e  s l e e v e   98  

and  i s   f a s t e n e d   to  t h e   m a c h i n e   b o d y   80  by  a  p l u r a l i t y  

of   f a s t e n e r s   106  so  as  to  c o m p l e t e   t h e   m a g n e t i c   c i r c u i t  

b e t w e e n   t h e   s l e e v e   member   98  and  t h e   m a c h i n e   body   8 0  

and   f u n c t i o n   as  a  m a g n e t i c   c i r c u i t   m e a n s .  

A  s o l e n o i d   c o i l   108  is   p l a c e d   in   t he   s o l e n o i d  

body   92  and  s e a l e d   in   p l a c e   by  a p p r o p r i a t e   p o t t i n g  
m a t e r i a l   110.   One  t e r m i n a l   112  of   t h e   s o l e n o i d   c o i l  

108  e x t e n d s   u p w a r d l y   t h r o u g h   t h e   p o t t i n g   m a t e r i a l   1 1 0  

w h i l e   t h e   o t h e r   t e r m i n a l   114  may  be  g r o u n d e d   to  t h e  

p l a t e   104.   A  p a s s a g e w a y   116  in   t h e   m a c h i n e   body   8 0  

c o m m u n i c a t e s   b e t w e e n   t h e   b o r e   82  and  a  p o r t i o n   of  t h e  

m a c h i n e   ( n o t   shown)   r e q u i r i n g   an  i n t e r m i t t e n t   s u p p l y   o f  

f l u i d .  

As  shown  in   F i g u r e s   5  and  6 , t h e   s o l e n o i d  

v a l v e   of  t h e   p r e s e n t - i n v e n t i o n   is   n o r m a l l y   o p e n   in   t h e  

u n e n e r g i z e d   s t a t e   and  f l u i d   e n t e r i n g   t h e   b o r e   100  m a y  

p a s s   f r e e l y   t h r o u g h   t h e   b o r e   100,   t h e   b o r e   82  a n d  

t h e n c e   t h r o u g h   t h e   p a s s a g e   way  116.   When  e l e c t r i c a l  



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   s o l e n o i d   108  a  m a g n e t i c  

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

s l e e v e   98,   t h e   p l a t e   104 ,   t h e   m a c h i n e   b o d y   80  and  t h e  

a r m a t u r e   90.  I n i t i a l l y ,   as  shown  in   F i g u r e   6,  t h e  

m a g n e t i c   c i r c u i t   c o n t a i n s   two  a i r   g a p s :   ( J l   t h e   a n n u l a r  

gap  b e t w e e n   t h e   a r m a t u r e   member   90  and  t h e   b o r e   86  a n d  

(2)  t h e   gap  b e t w e e n   t h e   a r m a t u r e   member   90  and  t h e   s e a t  

102  on  t h e   s l e e v e   98.  H o w e v e r ,   t h e   f i r s t   gap  i s   c l o s e d  

q u i c k l y   as  t h e   a r m a t u r e   member   90  s l i d e s   on  t h e   pad   8 8  

u n t i l   i t   c o n t a c t s   t h e   b o r e   86,  f o r   e x a m p l e ,   a t   p o i n t   B.  

T h e r e a f t e r ,   t h e   a r m a t u r e   member   90  p i v o t s   a b o u t   t h e   p o i n t  

B  u n t i l   t h e   a r m a t u r e   member   s t r i k e s   t h e   v a l v e   s e a t   1 0 2 .  

F i n a l l y ,   t h e   a r m a t u r e   member   90  w i l l   come  to  r e s t   m a k i n g  

s u r f a c e   c o n t a c t   w i t h   t h e   v a l v e   s e a t   102  to  c l o s e   t h e   b o r e  

100  and  p r e v e n t   f u r t h e r   f l o w   of   f l u i d   t h r o u g h   b o r e   1 0 0 ,  

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

of  t h e   u p p e r   s u r f a c e   of   t h e   a r m a t u r e   member   90  and  t h e  

b o t t o m   p o r t i o n   of   t h e   s l e e v e   98  c o m p r i s i n g   t h e   v a l v e   s e a t  

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

c l o s u r e .   I f   d e s i r e d ,   t h e   v a l v e   s e a t   102  may  be  f o r m e d  

s e p a r a t e l y   f r o m   t h e   s l e e v e   98  and  p r e s s e d   or  o t h e r w i s e  

a t t a c h e d   to   t h e   s l e e v e   9 8 .  

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

b o r e   100  and   t h e   w e i g h t   of  t h e   a r m a t u r e   member   90  w i l l  

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

when  t h e   e l e c t r i c a l   c u r r e n t   in   t h e   s o l e n o i d   c o i l   i s  

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

f r o m   a  n o n - m a g n e t i c   m a t e r i a l   may  be  i n s t a l l e d   to   u r g e  
t h e   a r m a t u r e   member   90  away  f r o m   t h e   v a l v e   s e a t   1 0 2 .  

Such  an  a r r a n g e m e n t   may  a l s o   be  u s e d   i f   i t   i s   d e s i r e d  

to  o p e r a t e   t h e   s o l e n o i d   v a l v e   in   an  i n v e r t e d   p o s i t i o n .  

A  f u r t h e r   m o d i f i c a t i o n   is   shown  in   F i g u r e   7 

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

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

t h e   f i g u r e   118  d e s i g n a t e s   a  m a c h i n e   b o d y   made  f r o m   a  

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

t h e r e i n   a  b o r e   120  w h i c h   a c c o m m o d a t e s   t h e   s o l e n o i d   a s s e m b l y  



122.   A  p a s s a g e w a y   124  c o m m u n i c a t e s   b e t w e e n   a  s o u r c e   o f  

f l u i d   ( n o t   shown)   and  t h e   b o r e   120.   B o r e s   126  and  1 2 8  

a r e   f o r m e d   in   t h e   m a c h i n e   body   118  and  a l s o   c o m m u n i c a t e  

w i t h   t h e   b o r e   120.   Bore   130  c o m m u n i c a t e s   b e t w e e n   t h e   b o r e  

126  and  a  f i r s t   p a r t   of   t h e   m a c h i n e   body   118  r e q u i r i n g   a n  

i n t e r m i t t e n t   s u p p l y   of   f l u i d   w h i l e   b o r e   132  c o m m u n i c a t e s  

b e t w e e n   b o r e   128  and  a  s e c o n d   p a r t   of  t h e   m a c h i n e   b o d y  

118  r e q u i r i n g   an  i n t e r m i t t e n t   s u p p l y   of   f l u i d .  

A  b a l l   v a l v e   134  i s   p o s i t i o n e d   in   t h e   b o r e  

126  and  b i a s e d   a g a i n s t   a  s e a t   136  by  a  l i g h t   s p r i n g   1 3 8  

s e a t e d   in   p l u g   140  t h r e a d e d   i n t o   t h e   b o r e   126.   T h e  

b a l l   v a l v e   134  is   shown  in  i t s   c l o s e d   p o s i t i o n   in   s o l i d  

l i n e s   w h i l e   i t s   open   p o s i t i o n   i s   i n d i c a t e d   by  p h a n t o m  
l i n e s .  

A  s e c o n d   b a l l   v a l v e   142  is   p o s i t i o n e d   in   t h e  

b o r e   128  and  b i a s e d   a g a i n s t   a  s e a t   144  by  a  l i g h t  

s p r i n g   146  s e a t e d   in   a  p l u g   148  t h r e a d e d   i n t o   t h e   b o r e  

128.   A g a i n ,   t h e   b a l l   v a l v e   .142  is   shown  in   i t s   c l o s e d  

p o s i t i o n   by  s o l i d   l i n e s   w h i l e   t h e   open   p o s i t i o n   i s  

i n d i c a t e d   by  p h a n t o m   l i n e s .   A  p i n   150  is   p o s i t i o n e d   i n  

t h e   b o r e   128  b e t w e e n   t h e   b a l l   v a l v e   142  and  a  pad   1 5 2  

on  t h e   a r m a t u r e   member   154  w h i c h   i s   l o o s e l y   or  f r e e l y  

p o s i t i o n e d   w i t h i n   t h e   b o r e   120,   A  s e c o n d   pad   156  m a y  
be  f o r m e d   on  t h e   a r m a t u r e   member   154  to  c o n t a c t   t h e  

b a l l   v a l v e   136.   The  p a d s   152  and  156  a r e ,   p r e f e r a b l y ,  

f o r m e d   f rom  a  n o n - m a g n e t i c   m a t e r i a l .   The  a r m a t u r e  

member   154  is  shown  in   i t s   e n e r g i z e d   p o s i t i o n   by  s o l i d  

l i n e s   and  in   i t s   u n e n e r g i z e d   p o s i t i o n   in   p h a n t o m   l i n e s .  

The  s o l e n o i d   a s s e m b l y   122  c o m p r i s e s   a  c y l i n d r i -  
c a l   b o d y   p o r t i o n   158  h a v i n g   a  c i r c u m f e r e n t i a l   s h o u l d e r  

160  a d a p t e d   to  c a r r y   an  0 - r i n g   s e a l   162  w h i c h   s e a l s   t h e  

s o l e n o i d   b o d y   158  is   a f f i x e d   to  a  p l a t e   164  f o r m e d  

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

m a c h i n e   body   118  by  a  p l u r a l i t y   of  s c r e w s   166.   A  c o r e  

or  s l e e v e   168  f o r m e d   f r o m   a  m a g n e t i c   m a t e r i a l   i s   p r e s s  
f i t t e d   or  o t h e r w i s e   f a s t e n e d   to  t h e   body   158  and  t h e  

p l a t e   164  so  as  to  p r o v i d e   good   m a g n e t i c   c o n t a c t   w i t h  



t h e   p l a t e   164.   An  a x i a l   b o r e   170  i s   f o r m e d   in   t h e  

s l e e v e   168  to  l o c a t e   a  r e l a t i v e l y   h e a v y   c o m p r e s s i o n  

s p r i n g   172.   C o m p r e s s i o n   s p r i n g   172  is   d e s i g n e d   w i t h   a  

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

s p r i n g s   138  and  146  so  t h a t   in   t h e   u n e n e r g i z e d   c o n d i t i o n  

of   t h e   s o l e n o i d   t h e   a r m a t u r e   member   154  w i l l   n o r m a l l y  

be  p o s i t i o n e d   as  shown  in  t h e  p h a n t o m  l i n e s   and  t h e  

b a l l   v a l v e s   134  and  142  w i l l   be  o p e n ,  

A  s o l e n o i d   c o i l   174  is   l o c a t e d   in   t h e   b o d y  

158  and  s e a l e d   t h e r e i n   by  a p p r o p r i a t e   p o t t i n g   m a t e r i a l  

176.   One  t e r m i n a l   178  of   t h e   s o l e n o i d   c o i l   174  m a y  

c o n v e n i e n t l y   be  g r o u n d e d   to  t he   p l a t e   164  w h i l e   t h e  

o t h e r   t e r m i n a l   180  e x t e n d s   u p w a r d l y   t h r o u g h   t h e   p o t t i n g  

m a t e r i a l   1 7 6 .  

In  o p e r a t i o n ,   upon   p a s s a g e   of  an  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   s o l e n o i d   c o i l   174 ,   a  m a g n e t i c   f i e l d  

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

c o m p r i s e s   t h e   m a c h i n e   b o d y   118,   t h e   p l a t e   1 6 4 ,   t h e  

s l e e v e   168  and  t he   a r m a t u r e   154.   The  a r m a t u r e   m e m b e r  

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

120.   T h e r e a f t e r ,   t h e   a r m a t u r e   member   154  w i l l   p i v o t  

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

f i n a l l y   come  to  r e s t   a g a i n s t   t h e   l o w e r   s i d e   of   t h e  

s o l e n o i d   b o d y   158,   I t   w i l l   be  u n d e r s t o o d   t h a t   when   t h e  

s o l e n o i d   174  i s   e n e r g i z e d   t h e   a r m a t u r e   154  w i l l   be  i n  

t h e   p o s i t i o n   shown  by  t h e   s o l i d   l i n e s   in   F i g u r e   7  a n d  

b o t h   b a l l   v a l v e s   134  and  142  w i l l   f u n c t i o n   as  c h e c k  

v a l v e s ,   r e m a i n i n g   c l o s e d   e x c e p t   when  t h e   f l u i d   p r e s s u r e  
in   c o n d u i t   124  i s   s u f f i c i e n t l y   h i g h   to  o v e r c o m e   t h e  

f o r c e   of   t h e   s p r i n g s   138  and  146.   H o w e v e r ,   when  t h e  

s o l e n o i d   174  is   d e e n e r g i z e d ,   h i g h   p r e s s u r e   f l u i d   m a y  
f l o w   f r o m   t h e   c o n d u i t s   1 3 0 ,   132  b a c k   t h r o u g h   t h e   b a l l  

v a l v e s   134,   142  and  t h r o u g h   t h e   c o n d u i t   124  in   a  r e -  

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

s u b s t a n t i a l l y   e q u a l i z e d ,  



W h i l e   s e p a r a t e   p a d s   152,   156  h a v e   b e e n   d e s -  

c r i b e d ,   i t   w i l l   be  u n d e r s t o o d   t h a t   a  t h i n   l a y e r   o f  

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

of   t h e   a r m a t u r e   member   154 .   I f   t h e   a r m a t u r e   m e m b e r   1 5 4  

i s   d i s c   s h a p e d ,   i t   may  be  d e s i r a b l e   to  c o m b i n e   t he   p a d s  

1 5 2 , , 1 5 6   i n t o   a  s i n g l e   a n n u l u s   or  c i r c u l a r   p a d .  

In  F i g u r e   7,  b a l l   v a l v e   142  is  s e p a r a t e d   f r o m  

t h e   a r m a t u r e   member   154  by  t h e   p i n   150  w h i l e   no  s i m i l a r  

p i n   i s   u s e d   in   c o n j u n c t i o n   w i t h   b a l l   v a l v e   134.   I t  

w i l l   be  u n d e r s t o o d   t h a t   b o t h   v a l v e s   may  u t i l i z e   e i t h e r  

c o n s t r u c t i o n   as  may  be  d e s i r e d .   M o r e o v e r ,   more   t h a n  

two  v a l v e s   may  be  c o n t r o l l e d   by  t he   s o l e n o i d   a s s e m b l y  
122  p r o v i d e d   t h a t   t h e   s p r i n g   r a t e   of  s p r i n g   172  e x c e e d s  

t h e   c o m b i n e d   r a t e   of  t h e   b a l l   v a l v e   s p r i n g s .   F i n a l l y ,  
w h i l e   b a l l   v a l v e s   h a v e   b e e n   d e s c r i b e d   and  i l l u s t r a t e d ,  
o t h e r   t y p e s   of  v a l v e s   s u c h   as  p o p p e t   v a l v e s ,   l e a f  

v a l v e s   or  s l i d i n g   or  s p o o l   v a l v e s   c o u l d   be  s u b s t i t u t e d  

f o r   t h e   b a l l   v a l v e s .  

The  e m b o d i m e n t   of   t h e   i n v e n t i o n   shown  i n  

F i g u r e   7  i s   p a r t i c u l a r l y   d e s i r a b l e   f o r   u s e   in   t h e  

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

t y p e   d i s c l o s e d   in   U.S .   p a t e n t   3 , 2 2 0 , 3 9 2 ,   f o r   e x a m p l e ,  

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

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

d e s i r e d .  

The  t e r m s   and  e x p r e s s i o n s   w h i c h   h a v e   b e e n  

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

l i m i t a t i o n   and  t h e r e   i s   no  i n t e n t i o n   in   t h e   u s e   of   s u c h  

t e r m s   and  e x p r e s s i o n s   of  e x c l u d i n g   any  e q u i v a l e n t s   o f  

t h e   f e a t u r e s   shown  and  d e s c r i b e d   or  p o r t i o n s   t h e r e o f ,  
b u t   i t   i s   r e c o g n i z e d   t h a t   v a r i o u s   m o d i f i c a t i o n s   a r e  

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



1.  A  s o l e n o i d   c o m p r i s i n g   a  s o l e n o i d   c o i l  

d i s p o s e d   w i t h i n   a  s o l e n o i d   b o d y ,   c h a r a c t e r i z e d   by  a  

s l e e v e   ( 3 6 , 9 8   o r   168)  of   m a g n e t i c   m a t e r i a l   w i t h   a  

b o r e   ( 3 8 , 1 0 0   or   170)  a t   l e a s t   p a r t i a l l y   t h e r e t h r o u g h  
and  b e i n g   d i s p o s e d   in   s a i d   b o d y   a t   l e a s t   in   p a r t   w i t h i n  

t h e   i n n e r   c o n f i n e s   o f   s a i d   c o i l ,   an  a r m a t u r e   ( 6 8 , 9 0   o r  

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

an  a r m a t u r e   c h a m b e r   f o r m e d   a d j a c e n t   one  end  of   t h e   s l e e v e  

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

t h e   c h a m b e r ,   and   means   ( 6 2 , 1 0 4   or  164)  p r o v i d i n g   m a g n e t i c  
c i r c u i t   i n t e r c o n n e c t i o n   of   s a i d   s o l e n o i d   b o d y ,   s a i d   s l e e v e  

and  s a i d   a r m a t u r e .  

2.  The  s o l e n o i d   of   c l a i m   1,  c h a r a c t e r i z e d   by  t h e  

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

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

3.  The  s o l e n o i d   of   c l a i m   1  or   2,  c h a r a c t e r i z e d  

by  a  l a y e r   of  n o n - m a g n e t i c   m a t e r i a l   ( 5 2 , 5 6 , 6 4 , 8 8 )   on  a  s i d e  

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

4.  The  s o l e n o i d   o f   a n y  o n e   of   c l a i m s   1  to   3 ,  

c h a r a c t e r i z e d   in   t h a t   s a i d   a r m a t u r e   c h a m b e r   i s   c y l i n d r i c a l  

and  s a i d   a r m a t u r e   member   ( 6 8 , 9 0 , 1 5 4 )   i s   d i s c   s h a p e d .  

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

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

c o m p r i s e s   p l a t e   means   ( 1 0 4 , 1 6 4 )   a f f i x e d   to   s a i d   s l e e v e   ( 9 8 ,  

168)   and   to   means   ( 8 0 , 1 1 8 )   f o r m e d   of  m a g n e t i c   m a t e r i a l   p r o -  

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

6.  The  s o l e n o i d   of  c l a i m   5,  c h a r a c t e r i z e d   i n  

t h a t   s e a l i n g   m e a n s   ( 9 6 , 1 0 2 )   a r e   i n t e r p o s e d   b e t w e e n   s a i d   s o l -  

e n o i d   b o d y   ( 9 2 , 1 0 8 )   and   s a i d   m e a n s   ( 8 0 , 1 1 8 )   h a v i n g   f o r m e d  

t h e r e i n   s a i d   a r m a t u r e   c h a m b e r ,   s a i d   l a t t e r   m e a n s   ( 8 0 , 1 1 8 )  

i n c l u d i n g  a   p a s s a g e w a y   ( 1 1 6 , 1 2 4 )   c o m m u n i c a t i n g   w i t h   s a i d  

a r m a t u r e   c h a m b e r .  



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

c l a i m s ,   c h a r a c t e r i z e d   i n   t h a t   s a i d   s l e e v e   (98)   h a s   a  

b o r e   ( 1 0 0 )   f o r m e d   e n t i r e l y   t h e r e t h r o u g h ,   a  v a l v e   s e a t  

( 1 0 2 )   e x t e n d i n g   c i r c u m f e r e n t i a l l y   a r o u n d   s a i d   b o r e   a t  

t h a t   end   of   s a i d   s l e e v e   a d j a c e n t   s a i d   a r m a t u r e .  

8.  The  s o l e n o i d   a c c o r d i n g   to   a n y  o n e   o f  

c l a i m s   1  to  6,  c h a r a c t e r i z e d   in   t h a t   t h e   b o r e   ( 1 7 0 )   i n  

s a i d   s l e e v e   ( 1 6 8 )   e x t e n d s   o n l y   p a r t i a l l y   t h e r e t h r o u g h  

and   b i a s i n g   means   ( 1 7 2 )   a r e   p r o v i d e d   in   s a i d   b o r e   t o  

b i a s   s a i d   a r m a t u r e   ( 1 5 4 )   away  f r o m   s a i d   s l e e v e .  

9.  The  s o l e n o i d   of  c l a i m   8,  c h a r a c t e r i z e d   b y  

a t   l e a s t   one  v a l v e   means   ( 1 3 6 )   a c t u a t e d   by  s a i d   a r m a t u r e  

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

10.  The  s o l e n o i d   of   a n y  o n e   o f   c l a i m s   1  to  4 ,  

c h a r a c t e r i z e d   in   t h a t   a  p i n   (66)   i s   m o u n t e d   f o r   r e c i p -  

r o c a t i n g   m o v e m e n t   w i t h i n   t h e   b o r e   (38)   o f   t h e   s l e e v e   ( 3 6 ) ,  

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

cap  (60)   f a s t e n e d   to   t h e   b o d y  ( 1 2 )   so  as  to  h a v e   m a g n e t i c  

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

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

e n g a g e m e n t   w i t h   t h e   u p p e r   end   of   s a i d   p i n ,  

11.  The  s o l e n o i d   o f   c l a i m   10,  c h a r a c t e r i z e d  

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

of   n o n - m a g n e t i c   m a t e r i a l   (64)   b e i n g   d i s p o s e d   w i t h i n   s a i d  

c a p .  
12.  The  s o l e n o i d   of   c l a i m   11,  c h a r a c t e r i z e d  

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

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

t h e  i n s i d e   s u r f a c e   of   t h e   t op   of   s a i d   c a p .  
13.  The  s o l e n o i d   of   a n y  o n e   of   c l a i m s   1 0  

to  12,  c h a r a c t e r i z e d   in   t h a t   s a i d   s l e e v e   i s   p o s i t i o n e d  

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

t h e   b o r e   of   s a i d   s l e e v e   i s   e i t h e r   on  t h e   a x i s   or   o f f  

t h e   a x i s   of  s a i d   s l e e v e .  

14.  The  s o l e n o i d   a c c o r d i n g   to   a n y  o n e   o f  

c l a i m s   1  to   4 ,   c h a r a c t e r i z e d   i n   t h a t   s a i d   a r m a t u r e   i s  

d i v i d e d   i n t o   two  p a r t s   s u b s t a n t i a l l y   a l o n g   an  a x i s   o f  

s y m m e t r y   of   s a i d   a r m a t u r e .  
















	bibliography
	description
	claims
	drawings
	search report

