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An  electromagnet  and  a  method  for  manufacturing  it. 
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(§?  A  cylindrical  yoke  of  an  electromagnet  consists  of  two  or 
more  yoke  elements,  each  of  which  is  made  of  a  number  of  yoke 
pieces  made  of  magnetizable  metal  sheets  and  arranged  radially 
around  a  cylindrical  coil  member  of  the  electromagnet  and  of  a 
filler  member  unifying  the  yoke  pieces.  The  thickness  of  the  yoke 
piece  increases  with  increasing  radial  distance  in  order  to 
improve  the  space  factor  of  the  yoke.  The  eddy  current  generated 
in  the  yoke  is  reduced  due  to  the  laminated  construction  of  the 
yoke.  The  yoke  disposed  close  to  and  coaxially  with  the  coil 
member  also  contributes  to  the  radial  dispersion  of  the  heat 
generated  in  the  coil  member  and  the  yoke.  The  improved  space 
factor  results  in  the  reduction  of  the  leakage  flux  of  the  elec- 
tromagnet  and  of  the  outermost  size  of  the  electromagnet  for  a 
certain  available  actuating  power. 
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Q. 
I l l  

ACTORUM  AG 

 A   cylindrical  yoke  of  an  electromagnet  consists  of  two  or 
more  yoke  elements,  each  of  which  is  made  of  a  number  of  yoke 
pieces  made  of  magnetizable  metal  sheets  and  arranged  radially 
around  a  cylindrical  coil  member  of  the  electromagnet  and  of  a 
filler  member  unifying  the  yoke  pieces.  The  thickness  of  the  yoke 
piece  increases  with  increasing  radial  distance  in  order  to 
improve  the  space  factor  of  the  yoke.  The  eddy  current  generated 
in  the  yoke  is  reduced  due  to  the  laminated  construction  of  the 
yoke.  The  yoke  disposed  close  to  and  coaxially  with  the  coil 
member  also  contributes  to  the  radial  dispersion  of  the  heat 
generated  in  the  coil  member  and  the  yoke.  The  improved  space 
factor  results  in  the  reduction  of  the  leakage  flux  of  the  elec- 
tromagnet  and  of  the  outermost  size  of  the  electromagnet  for  a 
certain  available  actuating  power. 



1.  F i e l d   of  t h e   I n v e n t i o n  

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

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

more  p a r t i c u l a r l y   to  an  e l e c t r o m a g n e t   in   w h i c h   a  c i r c u l a r  

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

m o u n t e d   a b o u t   t h e   a x i s   of  t he   c o i l   and  a  yoke   to   l e a d   t h e  

m a g n e t i c   f l u x   g e n e r a t e d   by  f e e d i n g   t h e   c o i l   w i t h   an  a l t e r n a t e  

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

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

t he   e l e c t r o m a g n e t i c   f o r c e   due  to  t h e   m a g n e t i c   f l u x .  

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

In  an  e l e c t r o m a g n e t   of  t h e   a b o v e   d e s c r i b e d   t y p e ,  

t h e   yoke   i s   made  of  l a m i n a t e d   s i l i c o n   s t e e l   s h e e t s   f o r   t h e  

p u r p o s e   of  p r e v e n t i n g   t h e   g e n e r a t i o n   of  eddy   c u r r e n t .  

For   t he   s a k e   of  e a s y   m a n u f a c t u r i n g ,   t h e   yoke   i s   u s u a l l y  

made  in   t h e   f o rm  of  a  r e c t a n g u l a r   c y l i n d e r   c o n s i s t i n g   o f  

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

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



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

H o w e v e r ,   s i n c e   an  a i r   gap  of  a  c o n s i d e r a b l e   t h i c k n e s s  

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

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

t h e   o u t e r m o s t - d i m e n s i o n   of  t h e   yoke   i s   i n c r e a s e d   by  a n  

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

b e c o m e s   r e l a t i v e l y   l a r g e - s i z e d   f o r   t h e   a v a i l a b l e   e l e c t r o m a g n e t i c  

p e r f o r m a n c e   as  an  e l e c t r o m a g n e t .   M o r e o v e r ,   s i n c e   t h e  

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

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

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

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

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

Summary   of   t h e   I n v e n t i o n  

Now  an  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   t o  

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

o n l y   t o   a  v e r y   r e d u c e d   d e g r e e   due  t o   a  d e v i s e d   c o n s t r u c t i o n  

of  many  l a m i n a t e d   yoke   p i e c e s .  

A n o t h e r   o b j e c t  o f   t h e   p r e s e n t   i n v e n t i o n   i s   t o  

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

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

T h a t   i s ,   i f ; a   n u m b e r   of  yoke   p i e c e s   c o n s t i t u t i n g  

t h e   y o k e   a r e   a r r a n g e d   r a d i a l l y   a r o u n d   t h e   c o i l ,   e a c h   one  o f  



t h e   many  yoke   p i e c e s   can  be  b r o u g h t   c l o s e   to  or  e v e n   i n  

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

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

can  be  l i m i t e d   to   t h e   minimum  v a l u e .  

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

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

f l u x   of  t h e   c o i l   i s   r e d u c e d   and  a  r e l a t i v e l y   l a r g e   e l e c t r o -  

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

be  e x e r t e d   on  t he   a r m a t u r e   c o r e .  

N a m e l y , i n   t h e   a b o v e   yoke   c o n s t r u c t i o n   w i t h   a  

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

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

c o r e   p i e c e s   and  so  a l m o s t   a l l   t he   m a g n e t i c   f l u x   g e n e r a t e d  

by  t h e   c o i l   can  be  b r o u g h t   to  t h e   s t a t o r   c o r e   and  t h e  

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

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

c o r e .  

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

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

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

O t h e r   o b j e c t s   and  a d v a n t a g e s   of  t h e   i n v e n t i o n  

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

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



B r i e f   D e s c r i p t i o n   of  t h e   D r a w i n g s  

F i g .   1  i s   a  l o n g i t u d i n a l   s e c t i o n   of  a  m a g n e t  

v a l v e   a p p a r a t u s ;  

F i g .   2  i s   a  s e c t i o n   t a k e n   a l o n g   t h e   l i n e   I I - I I  

in   F i g .   1 ;  

F i g .   3  i s   a  p e r s p e c t i v e   v i e w   of  a  c o i l   a s s e m b l y ;  

F i g .  4   i s   an  e x p l o d e d   p e r s p e c t i v e   v i ew   s h o w i n g  

t h e   r e l a t i o n s h i p   b e t w e e n   a  c o i l   member  and  yoke   e l e m e n t s ;  

F i g .   5  i s   a  p e r s p e c t i v e   v i e w   of  an  o u t e r   f r a m e ;  

F i g .   6  i s   a  p e r s p e c t i v e   v i e w   of  a  yoke  p i e c e ;  

F i g .   7  i s   an  e n l a r g e d   s e c t i o n   t a k e n   a l o n g   t h e  

l i n e   VII -  VII  in  F i g .   1 ;  

F i g .   8  i s   a  p l a n e   v i e w   i l l u s t r a t i n g   t h e   s e t t i n g  

up  s i t u a t i o n   of  yoke   p i e c e s   w i t h   use   of  an  a s s e m b l i n g   j i g ;  

F i g .   9  i s   a  s e c t i o n   t a k e n   a l o n g   t h e   l i n e   I X  -   I X  

in   F i g .   8 ;  

F i g .   10  i s   a  v i e w   s h o w i n g   t h e   s i t u a t i o n   o f  t h e  

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

F i g .   11  i s   a  l o n g i t u d i n a l   s e c t i o n   of  t h e   c o i l  

a s s e m b l y   f i l l e d   up  w i t h   s y n t h e t i c   r e s i n s ;  

F i g .   12  i s   an  e n l a r g e d   f r a g m e n t a l   s e c t i o n   t a k e n  

a l o n g   t h e   l i n e   X I I -   XII  in   F i g .   1 1 ;  

F i g .   13  i s  a   p l a n e   v i e w   s h o w i n g   a  d i f f e r e n t  

e x a m p l e   of  t h e   a s s e m b l i n g   j i g ;  



F i g .   14  i s   a  s e c t i o n   t a k e n   a l o n g   t h e   l i n e   XIV-  XIV 

in   F i g .   1 3 ;  

F i g s .   15  and  16  a r e   l o n g i t u d i n a l   s e c t i o n s   s h o w i n g  

d i f f e r e n t   e x a m p l e s   of  m o u l d s ;  

F i g .   17  i s   a  p l a n e   v i e w   s h o w i n g   a  s t i l l   d i f f e r e n t  

j i g   f o r   a s s e m b l i n g   t h e   yoke   p i e c e s ;  

F i g .   18  i s   a  s e c t i o n   t a k e n   a l o n g   t he   l i n e   XVIII -  XVIII 

in   F i g .   1 7 ;  

F i g .   19  i s   a  p l a n e   v i e w   s h o w i n g   a  s t i l l   d i f f e r e n t  

e x a m p l e   of  t h e   a s s e m b l i n g   j i g   f o r   yoke   e l e m e n t s ;  

F i g .   20  i s   a  p l a n e   v i e w   s h o w i n g   y o k e  e l e m e n t s  

p r o d u c e d   by  d i v i d i n g   t h e   yoke   i n t o   a  d i f f e r e n t   n u m b e r   o f  

p a r t s ;  

F i g .   21  i s   a  p e r s p e c t i v e   v i e w   s h o w i n g   a  d i f f e r e n t  

e x a m p l e   of  t h e   yoke   p i e c e ;  

F i g .   22  i s   an  e n l a r g e d   f r a g m e n t a l   v i e w   of  t h e  

yoke   p i e c e   of  F i g .   2 1 ;  

F i g .   23  i s   a  v i e w   s i m i l a r   to   F i g .   7  w i t h   t h e  

yoke   p i e c e   t h e r e i n   r e p l a c e d   by  t h a t   of  F i g .   2 1 ;  

F i g .   24  i s   a  p e r s p e c t i v e   v i e w   s h o w i n g   a  s t i l l  

d i f f e r e n t   e x a m p l e   of  t h e   yoke   p i e c e ;  

F i g .   25  i s   an  e n l a r g e d   f r a g m e n t a l   s e c t i o n   o f  

F i g .   2 4 ;  

F i g .   26  i s   a  v i e w   s i m i l a r  t o   F i g .   7  w i t h   t h e  

yoke   p i e c e   t h e r e i n   r e p l a c e d   by  t h a t   of  F i g .   2 4 ;  



F i g .   27  i s   a  p e r s p e c t i v e   v i e w   s h o w i n g   a  s t i l l  

d i f f e r e n t   e x a m p l e   of  t h e   yoke   p i e c e ;  

F i g .  2 8   i s   an  e n l a r g e d   f r a g m e n t a l   v i e w   of  F i g .   2 7 ;  

F i g .   29  i s   a  v i e w   s i m i l a r   to   F i g .   7  w i t h   t h e  

yoke   p i e c e   t h e r e i n   r e p l a c e d   by  t h a t   of  F i g .   2 7 ;  

F i g .   30  i s   a  l o n g i t u d i n a l  s e c t i o n   s h o w i n g   a  

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

F i g .   31  i s   an  e n l a r g e d   s i d e   e l e v a t i o n   of  t h e  

s t a t o r   c o r e   of  F i g .   3 0 ;  

F i g .   32  i s   an  e n l a r g e d   f r o n t   e l e v a t i o n   of  t h e  

s t a t o r   c o r e   of  F i g .   3 0 ;  

F i g .   33  i s   a  s e c t i o n   t a k e n   a l o n g   t h e   l i n e  

XXXIII -  XXXIII  in   F i g .   3 2 ;  

F i g .   34  i s   a  s e c t i o n   t a k e n   a l o n g   t h e   l i n e  

XXXIV -  XXXIV  in   F i g .   32  and  s h o w i n g - a   c o n s t r u c t i o n   t o  f i x  

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

F i g s .   35  and  36  a r e   p e r s p e c t i v e   v i e w s   o f  

c o n n e c t i o n   member  e l e m e n t s ;  

F i g s .   37  and  38  a r e   p e r s p e c t i v e   v i e w s   of  c o r e  

p i e c e s ;  

F i g .   39  i s   a  v i e w   s h o w i n g   an  a s s e m b l i n g   p r o c e s s  

of  t h e   s t a t o r   c o r e ;  

F i g .   40  i s   an  e n l a r g e d   s i d e   e l e v a t i o n   of  a n  

a r m a t u r e   c o r e   of  F i g .   3 0 ;  

F i g .   41  i s  a n   e n l a r g e d   f r o n t   e l e v a t i o n   of  s a i d  

a r m a t u r e   c o r e ;   a n d  



F i g .   42  i s   a  s e c t i o n   t a k e n   a l o n g   t h e   l i n e  

XXXXII -  XXXXII  in   F i g .   4 1 .  

D e s c r i p t i o n   of  t h e   P r e f e r r e d   E m b o d i m e n t s  

In  F i g s .   1  to  12,   a  m a g n e t   v a l v e   a p p a r a t u s  

c o m p r i s e s   a  v a l v e   d e v i c e   1,  an  e l e c t r o m a g n e t   2  f o r   a c t u a t i n g  

t h e   v a l v e   d e v i c e   1  and  a  t e r m i n a l   box  3  to  w h i c h   t h e   e n d s  

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

For   a  s t a r t ,   an  a c c o u n t   i s   g i v e n   of  t h e   v a l v e   d e v i c e   1 .  

A  b o d y  4   i s   p r o v i d e d   i n t e r i o r l y   w i t h   a  s p a c e   5  f o r   a d v a n c e  

and  r e t r e a t   of  a  s p o o l   11  and  w i t h   an  o i l   p a s s a g e   6.  T h e  

body   i s   a l s o   p r o v i d e d   w i t h   a  p o r t   7  f o r   c o m m u n i c a t i o n   w i t h  

a  h y d r a u l i c   p r e s s u r e   s u p p l y   ( f o r   e x a m p l e ,   a  p u m p ) ,   p o r t s   8 

f o r   c o m m u n i c a t i o n   w i t h   a  p r e s s u r e - o i l   t a n k ,   and  p o r t s   9  a n d  

10  f o r   c o m m u n i c a t i o n   w i t h   a  d r i v e n   d e v i c e ,   f o r   e x a m p l e ,  

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

as  w e l l   w i t h   t h e   a f o r e s a i d   s p a c e   5  f o r   a d v a n c e   and  r e t r e a t  

of  t h e   s p o o l   11  or  w i t h   t h e   o i l   p a s s a g e   6.  In  t he   s p a c e   5 ,  

t h e   w e l l   known  s p o o l   11  i s   m o u n t e d   f o r   r i g h t   and  l e f t  

t r a v e l   as  v i e w e d   in   F i g .   1.  On  e i t h e r   end  of  t h e   s p o o l   1 1 ,  

a  s p r i n g   s e a t   12  i s   c a p p e d   and  a  s p o o l   r e s t o r i n g   s p r i n g   1 3  

i s   c o m p r e s s i v e l y   i n s e r t e d   b e t w e e n   t h e   s p r i n g   s e a t   12  a n d  

e a c h   of  t h r e a d e d   c o n n e c t o r s   of  an  e l e c t r o m a g n e t   to   b e  

d e s c r i b e d   l a t e r   on.   T h e s e   s p o o l   r e s t o r i n g   s p r i n g s   13  a r e  



m o u n t e d   f o r   k e e p i n g   t he   s p o o l   11  in  a  n e u t r a l   p o s i t i o n  

as  shown  in  F i g .   1  and  a r e   b o t h   c o m p r e s s i v e .  

In  t h e   n e x t   p l a c e ,   an  a c c o u n t   i s   g i v e n   of  t h e  

e l e c t r o m a g n e t   2.  T h i s   e l e c t r o m a g n e t   c o n s i s t s   of  an  a c t u a t o r  

16  to  o p e r a t e  m e c h a n i c a l l y   t h e   a f o r e m e n t i o n e d   v a l v e   d e v i c e   1 

and  of  a  m a g n e t i z e r   17  a d a p t e d   to  i m p a r t   m a g n e t i c   f l u x  

to  t h e   a c t u a t o r   16.   The  a c t u a t o r   16  has  a  s t a t o r   c o r e   2 0  

w h i c h ,   a t   one  end  t h e r e o f ,   has   an  i n t e g r a l   t h r e a d e d   c o n n e c t o r  

21  a d a p t e d   t h r e a d e d l y   in  t h e   b o d y  4   of  t h e   v a l v e   d e v i c e   1 .  

The  s t a t o r  c o r e   20  has   a l s o   a  f l a n g e   p o r t i o n   22  by  w h i c h  

a  c e i l i n g   0 - r i n g   23  i s   p r e s s e d   down.   The  s t a t o r   c o r e   2 0  

has   f u r t h e r   a  t h r o u g h   h o l e   24  w h e r e   a  p u s h   rod   25  i s   i n s e r t e d  

f o r   t h e   r i g h t   and  l e f t   d i s p l a c e m e n t   as  v i e w e d   in   F i g .   1 .  

One  end  p o r t i o n   of  a  t u b e   member   26  i s   c a p p e d   on  t h e   o t h e r  

end  p o r t i o n   of  t h e   s t a t o r   c o r e   20  and  b o t h   t h e   ends   p o r t i o n s  

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

t u b e .   The  t u b e   member   26  i s   made  of  a  n o n m a g n e t i c   m a t e r i a l ,  

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

c o r e   31.   To  t h e   o t h e r   end  p o r t i o n   of  t h e   t u b e   member   2 6  

i s   h e r m e t i c a l l y   w e l d e d   a  b l o c k i n g   member   27.   The  b l o c k i n g  

member   27  i s   p r o v i d e d   w i t h   a  t h r o u g h   h o l e   28  in   w h i c h   a  

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

to   t h e   l e f t   of  F i g .   1  and  r e t u r n   to   t h e   shown  p o s i t i o n .  

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

p u s h   p i n   29  i s   m a i n t a i n e d   by  an  0 - r i n g   30.   In  t h e   s p a c e  

d e f i n e d   by  t h e   t u b e   member  26  an  a r m a t u r e   c o r e   31  i s   d i s p o s e d  

f o r   t h e   r i g h t   and  l e f t   t r a v e l   in   F i g .   1.  On  a  p a r t   of  t h e  



c y l i n d r i c a l   s u r f a c e   of  t h i s   a r m a t u r e   c o r e   31  an  o i l   p a s s a g e  

g r o o v e   32  i s   cu t   o v e r   t h e   f u l l   a x i a l   l e n g t h   of  t h e   a r m a t u r e  

c o r e   31  so  t h a t   o i l   may  f l o w   t h r o u g h   t h e   g r o o v e   32  b e t w e e n  

t h e   l e f t   and  t h e   r i g h t   e n d s   of  t he   a r m a t u r e   c o r e   31  a s  

s e e n   in   F i g .   1.  The  a c t u a t o r   16  g o e s   by  t h e   name  of  a  

t u b e   a s s e m b l y .   N e x t   an  a c c o u n t   i s   g iven   of  t h e   m a g n e t i z e r  

17.  T h i s   m a g n e t i z e r   17  i s   s i t u a t e d   o u t s i d e   t h e   a c t u a t o r   1 6  

and  i s   p r e v e n t e d   by  a  s t o p   f i t t i n g   18  f rom  d e p a r t i n g   t h e  

v a l v e   d e v i c e   1.  The  m a g n e t i z e r   17  i s   p r o v i d e d   w i t h   a  h o u s i n g  

35,   w h i c h   i s   made  of  s y n t h e t i c   r e s i n s   in   one  c a s e   and  i s  

p r e p a r e d   as  a  d i e   c a s t i n g   in   a n o t h e r .   I n s i d e   t h e   h o u s i n g  

35  a  c o i l   a s s e m b l y   36  i s   f i t t e d   and  t h e   s p a c e   b e t w e e n   t h e  

c o i l   a s s e m b l y   36  and  t h e   h o u s i n g   35  i s   f i l l e d   up  w i t h   a  

f i l l e r   member   37.   As  t h e   m a t e r i a l   of  t he   f i l l e r   member   3 7 ,  

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

i n s u l a t i n g   and  of  s u f f i c i e n t   h e a t   c o n d u c t i o n .   Now  an  a c c o u n t  

is   g i v e n   of  t h e   c o i l   a s s e m b l y   36,   w h i c h   c o m p r i s e s   a  c y l i n d r i c a l  

c o i l   member   38  and  a  yoke   44  f o r m e d   so  as  to   e n c l o s e   t h e  

f o r m e r .   The  c o i l   member  38  c o n s i s t s   of  a  c y l i n d r i c a l   c o i l  

b o b b i n   39  w i t h   a  f l a n g e   a t   e i t h e r   end  t h e r e o f   and  a  c o i l  

w i r e   40  c o v o l u t e d   on  t h e   b o b b i n   39 .   From  one  of  t h e   f l a n g e s  

of  t he   b o b b i n   39  i s   e x t e n d i n g   a  t o n g u e   p i e c e   41  whose   t i p  

is   p r o v i d e d   w i t h   a  p l u g   h o l d e r   42 .   A  l e a d   w i r e   40a  of  t h e  

a f o r e s a i d   c o i l  w i r e   40 is  c o n n e c t e d   to   a  p l u g   43  h e l d   by  t h e  

p l u g   h o l d e r   42.   As  a  m a t t e r   of  c o u r s e ,   t he   c o i l   b o b b i n   3 9  



i s   made  of  a  m a t e r i a l   of  s u f f i c i e n t   e l e c t r i c a l   i n s u l a t i o n  

and   t h e   c o i l   w i r e   i s   a  w i r e   of  l i t t l e   e l e c t r i c a l   r e s i s t a n c e ,  

f o r  e x a m p l e ,   a  c o p p e r   w i r e .   The  yoke   44  c o n s i s t s   of  p l u r a l  

( two   i n   t h e   p r e s e n t   e m b o d i m e n t )   yoke   e l e m e n t s   45 .   E a c h  

y o k e   e l e m e n t   4'5  c o m p r i s e s   an  a u x i l i a r y   o u t e r   f r a m e   46  a n d  

a  p l u r a l i t y   of  s i m i l a r   yoke   p i e c e s   47  a r r a n g e d   r a d i a l l y  

t o w a r d s   t h e   a x i s   of  t h e  c o i l   member   38 .   The  o u t e r   f r a m e   4 6  

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

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

n e e d   n o t   be  s o .   The  yoke   p i e c e s   47  a r e   n e c e s s a r i l y   m a d e  

of   a  m a g n e t i c   m a t e r i a l .   E a c h   yoke   p i e c e   47  f o r m e d   of  a n  

i n t e r m e d i a t e   member   48  to   be  p o s i t i o n e d   a t   t h e   c y l i n d r i c a l  

s u r f a c e   of  t h e   c o i l   member   38  and   end  m e m b e r s   49  e x t e n d i n g  

i n t e g r a l l y   f r o m   b o t h   e n d s   of  t h e   i n t e r m e d i a t e   member   4 8  

as  shown  i n   F i g .   6.  The  i n t e r m e d i a t e   member   48  i s   s u b s t a n t i a l l y  

of   t h e   same  l e n g t h   as  t h e   c o i l   member   38  ( s l i g h t l y   l o n g e r  

by  a  c l e a r a n c e   f o r   a s s e m b l i n g   to   be  d e s c r i b e d  l a t e r ) .  

The  w i d t h   of  t h e   i n t e r m e d i a t e   member   of  e v e r y   yoke   p i e c e  

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

m a g n e t i c   f l u x   g e n e r a t e d   by  t h e   c o i l   member   38 .   The  e n d  

member   49  h a s   a  l e n g t h   e q u a l   to   t h e   sum  of   t h e   t h i c k n e s s  

of   t h e   c o i l   member   38  and  t h e   w i d t h   of   t h e   i n t e r m e d i a t e  

member   48 .   The  w i d t h   of  t h e   end  member   ( t h e   l e n g t h   t h e r e o f  

a l o n g   t h e   a x i s   of  t h e   c o i l   member   38)  i s   s e l e c t e d   to   b e  

s u f f i c i e n t   to   p a s s   t h e   m a g n e t i c   f l u x   of  t h e   c o i l   member   3 8 .  



The  i n t e r m e d i a t e   members   48  of  a l l   t h e   yoke   p i e c e s   4 7  

fo rm  a  s u b s t a n t i a l l y   c y l i n d r i c a l   yoke   p o r t i o n   e n c l o s i n g  

t h e   c o i l   member   38.   ( I n   e f f e c t ,   t h e   c y l i n d r i c a l   y o k e  

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

as  t h a t   of  t h e   p r e s e n t   e m b o d i m e n t   i n t e r f e r e   in   no  way  w i t h  

t h e   f u n c t i o n   to   c o n d u c t   m a g n e t i c   f l u x . )   The  e n d  m e m b e r s   4 9  

of  many  yoke   p i e c e s   47  a l l   t o g e t h e r   f o r m   two  f l a n g e - s h a p e d  

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

s u r f a c e   of  t h e   s p a c e   f o r   a d v a n c e   and  r e t r e a t   of  t h e  

a r m a t u r e   c o r e   31  to  one  end  of  t he   a f o r e m e n t i o n e d   c y l i n d r i c a l  

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

s u r f a c e   of  t h e   s t a t o r   c o r e   to   t h e   o t h e r   end  of  t he   c y l i n d r i c a l  

yoke   p o r t i o n .  

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

3.  T h i s   t e r m i n a l   box  c o m p r i s e s   a  ma in   box  52  and  a  l i d   53  

p u t   on  i t ,   and  b o t h   a r e   made  of  an  e l e c t r i c a l l y   i n s u l a t i n g  

m a t e r i a l   s u c h   as  s y n t h e t i c   r e s i n s .   The  ma in   box  52  c o n s i s t s  

of  a  b a s e   member   54  and  p a r t i t i o n   w a l l   m e m b e r s   55  and   5 6 ,  

and  t h e   b a s e   member   54  t o g e t h e r   w i t h   t h e   p a r t i t i o n   w a l l  

member   55  i s   f i x e d   on  t h e   b o d y  4   of  t h e   v a l v e   d e v i c e   1 

w i t h   f a s t e n i n g   s c r e w s   57.  B e t w e e n   t h e   b a s e   member   54  a n d  

t h e   p a r t i t i o n   w a l l   member  55  i s   p r e p a r e d   a  d i s p o s i t i o n  

s p a c e   58  w h e r e   a  c o n t r o l   c i r c u i t   59  i s   d i s p o s e d .   T h i s  

c i r c u i t   59  i n c l u d e s   a  p l u r a l i t y   of  c i r c u i t   c o m p o n e n t s   6 1 ,  

a  s o c k e t   62,   p i l o t   lump  63  and  so  on  a l l   m o u n t e d   on  a  



p r i n t e d - c i r c u i t   b o a r d   60.  To  t he   s o c k e t   62  t h e   p l u g   4 5  

is   c o n n e c t e d   d e t a c h a b l y   as  shown  c l e a r l y   in   F i g .   1.  T h e  

p a r t i t i o n   w a l l   member  56  i s   p r o v i d e d   w i t h   t e r m i n a l s   6 4  

and  as  w e l l   w i t h   an  i n t e g r a l   w i r e   i n l e t   65  t h r o u g h   w h i c h  

p o w e r   s u p p l y   w i r e s   a r e   t a k e n   in   to   be  c o n n e c t e d   to   t h e  

t e r m i n a l s   64.  The  l i d   53  i s   s e c u r e d  o n   t h e   main   box  5 2  

w i t h   m o u n t i n g   s c r e w s   6 6 .  

A l t h o u g h   n o t   s h o w n ,   t h e   o t h e r   e l e c t r o m a g n e t  

s i m i l a r   to   t h e   a f o r e m e n t i o n e d   e l e c t r o m a g n e t   2  i s   m o u n t e d  

a t   t h e   l e f t   s i d e   of  t h e   v l a v e   d e v i c e   1  as  s e e n   in   F i g .   1 

( o n l y   a  p a r t   of  t h e   s t a t o r   c o r e   of  t h e   o t h e r   e l e c t r o m a g n e t  

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

c o n n e c t e d   to   a  s o c k e t   62  p r o v i d e d   to   t h e   l e f t   h a n d   s i d e  

of  t h e   c o n t r o l   c i r c u i t  5 9 .  

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

64  t h r o u g h   t h e   w i r e s   t a k e n   in   f rom  o u t s i d e   i n   t h e   m a g n e t  

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

e l e c t r i c   p o w e r   i s   s e n t   to   t h e   c o i l   w i r e   40  t h r o u g h   t h e  

c o n t r o l   c i r c u i t   59  and  f u r t h e r   t h r o u g h   t h e   p l u g   43 .   I n  

t h i s   i n s t a n c e ,   t h e   p i l o t   l amp  63  i s   l i g h t e d   in   a  w e l l   k n o w n  

m a n n e r .   When  t h e   e l e c t r i c   p o w e r   i s   s u p p l i e d   as  d e s c r i b e d  

a b o v e   to   e s t a b l i s h   a  c u r r e n t   in   t h e   c o i l   w i r e   40 ,   a  c e r t a i n  

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

c o n s i s t i n g   of  t h e   c y l i n d r i c a l   yoke   p o r t i o n   of  t h e   yoke   4 4 ,  

one  of  t h e   f l a n g e - s h a p e d   yoke   p o r t i o n ,   a r m a t u r e   c o r e   3 1 ,  



t h e   s t a t o r   c o r e   20  and  t h e   o t h e r   f l a n g e - s h a p e d   yoke   p o r t i o n  

of  t h e   yoke   44.   C o n s e q u e n t l y ,   t h e   a r m a t u r e   c o r e   31  i s  

p u l l e d   t o w a r d s   and  moves  to   t h e   s t a t o r   c o r e   20.   T h i s  

m o v e m e n t   of  t h e   a r m a t u r e   c o r e   i s   t r a n s m i t t e d   to   t h e   s p o o l   11 

by  way  of  t h e   p u s h  r o d   25  and  t he   s p o o l   11  i s   d i s p l a c e d   t o  

t h e   l e f t   hand   s i d e   as  s e e n   in   F i g .   1.  In  c o n s e q u e n c e   o f  

t h i s ,   t h e   p o r t   7  c o m m u n i c a t e s   w i t h   t h e   p o r t   9  and  t h e   p o r t   10  

w i t h   t h e   p o r t   8 .  

Now,  on  i n t e r r u p t i o n   of  t h e   a b o v e   c u r r e n t ,   t h e  

g e n e r a t i o n   of  m a g n e t i c   f l u x   by  t h e   c o i l   38  s t o p s   and  so  t h e  

a r m a t u r e   c o r e   31  c e a s e s   to   be  p u l l e d   by  t h e   s t a t o r   c o r e   2 0 .  

T h e n ,   t h e   s p o o l   11  r e t u r n s   to  t h e   n e u t r a l   p o s i t i o n   as  s h o w n  

in  F i g .   1  u n d e r   t h e   b i a s   of  t h e   s p o o l   r e s t o r i n g   s p r i n g   1 3  

p r o v i d e d   a t   t h e   l e f t   of  t h e   s p o o l   11.  A l s o ,   t h e   a r m a t u r e  

c o r e   31  i s   r e t u r n e d   to   t h e   p o s i t i o n   as  shown  in   F i g .   1  b y  

t he   p u s h   rod   a c t u a t e d   by  t h e   s p o o l   1 1 .  

When  an  e l e c t r i c   c u r r e n t   i s   t u r n e d   on  in   t h e  

c o i l   w i r e   40  to   a c t u a t e   t h e   a r m a t u r e   c o r e   31  in   t h e   a f o r e -  

m e n t i o n e d   m a n n e r ,   t h e   eddy   c u r r e n t   l o s s   in   t h e   yoke   4 4  

can  be  d e c r e a s e d   and  t h e   e n e r g y   of  t h e   e l e c t r i c   c u r r e n t  

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

c o r e   31  even   i f   t h e   c u r r e n t   is   a l t e r n a t i n g .   N a m e l y ,   w h e n  

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

as  t h e   r e s u l t   of  t h e   p o w e r   f e e d   to   t he   c o i l   w i r e   40 ,   i t   i s  

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



f l o w   in  t h e   yoke   44,   w h i c h   c o n s i s t s   of  many  yoke   p i e c e s   4 7  

a r r a n g e d   r a d i a l l y ,   and  t he   eddy   c u r r e n t   l o s s   in  t h e   y o k e  

is   s m a l l .   T h u s ,   e l e c t r i c   e n e r g y   can  be  u s e d   e f f e c t i v e l y  

as  d e s c r i b e d   a b o v e .  

F u r t h e r m o r e ,   when  a  c u r r e n t   i s   t u r n e d   on  in   t h e  

c o i l   w i r e   40  to   o p e r a t e   t h e   e l e c t r o m a g n e t ,   t h e   h e a t   g e n e r a t e d  

by  t he   c o i l   w i r e   40,   i f   a n y ,   can  be  g i v e n   o f f   e f f e c t i v e l y  

to  o u t e r   r e g i o n s   of  t h e   a p p a r a t u s .   T h a t   i s ,   in   t h e   yoke   4 4  

e n c l o s i n g   t he   p e r i p h e r a l   s u r f a c e   of  t h e   c o i l   member   38,   a  

n u m b e r   of  yoke   p i e c e s   47  a r e   r a d i a l l y   a r r a n g e d .   C o n s e q u e n t l y ,  

t he   h e a t   g e n e r a t e d   by  t he   c o i l   w i r e   40  i s   f i r s t   t r a n s m i t t e d  

f rom  t h e   o u t e r   p e r i p h e r a l   s u r f a c e   of  t h e   c o i l   m e m b e r   3 8  

to   t h e   i n n e r   p e r i p h e r a l   e d g e s   of  t h e   yoke   p i e c e s   47  and  i s  

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

yoke   p i e c e s   47  to   be  c o n v e y e d   to   t h e   o u t e r   p e r i p h e r a l   e d g e s  

of  t h e   yoke   p i e c e s   47 .   A c c o r d i n g l y ,   t h e   h e a t   g e n e r a t e d  

by  t h e   c o i l   can  be  r e l e a s e d   f rom  w h o l e   t h e   b r o a d   o u t e r  

p e r i p h e r a l   s u r f a c e   of  t h e   yoke   44 .   In   t h i s   m a n n e r ,   t h e  

h e a t   in   t h e   c o i l   member   38  can  be  r e l e a s e d   e f f e c t i v e l y .  

The  h e a t   c o n d u c t e d   to   t h e   o u t e r   p e r i p h e r a l   edge   of  e a c h  

yoke   p i e c e   47  can  be  b r o u g h t   f u r t h e r   to   and  r e l e a s e d   a t   t h e  

o u t e r   p e r i p h e r a l   s u r f a c e   of  t h e   h o u s i n g   35  by  more  d i r e c t  

h e a t   c o n d u c t i o n   due  to   t he   o u t e r f r a m e   46,   t h e   f i l l e r   m e m b e r  

37  and  t h e   h o u s i n g ' 3 5 .  



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

of  t h e   a f o r e s a i d   m a g n e t i z e r   17  i s   d e s c r i b e d .   F i r s t l y ,   t h e  

h o u s i n g   35  and  t h e   c o i l   a s s e m b l y   a r e   m a n u f a c t u r e d   s e p a r a t e l y .  

The  c o i l   a s s e m b l y   36  i s   m a n u f a c t u r e d   in   t h e   f o l l o w i n g   m a n n e r .  

N a m e l y ,   t h e   c o i l   w i r e   40  i s   f i s t   c o v o l t e d   on  t h e   c o i l   b o b b i n  

39  and  t h e   l e a d   w i r e   40a  f o r   t h e   c o i l   w i r e   40  i s   c o n n e c t e d  

to  t h e   p l u g   43,   t h e   c o i l   member  38  as  shown  in   F i g .  4   b e i n g  

f o r m e d .   On  t h e   o t h e r   h a n d ,   t he   p l u r a l   yoke   e l e m e n t s   4 5  

a r e   made  in   a  s e p a r a t e   p r o c e s s   o t h e r   t h a n   t h a t   f o r   t h e  

c o i l   member   38 .   For   t he   m a n u f a c t u r e   of  t h e   yoke   e l e m e n t s ,  

a  n e c e s s a r y   n u m b e r   of  o u t e r   f r a m e s   46  as  shown  in  F i g .   5 

a r e   p r e p a r e d   and  a t   t h e   same  t i m e   a  n u m b e r   of  yoke   p i e c e s   4 7  

as  shown  in   F i g .   6  a r e   a l s o   p r e p a r e d .   F u r t h e r m o r e ,   a n  

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

member   71  as  shown  in  F i g s .   8  and  9  and  of  a  c e n t e r   c o l u m n   7 2  

a d a p t e d   in   i t   d i s m o u n t a b l y   a l o n g   i t s   a x i s .   The  d i a m e t e r  

of  t h e   c e n t e r   c o l u m n   72  i s   made  e q u a l   to   t h a t   of  t h e   a f o r e -  

m e n t i o n e d   a c t u a t o r   16.   When  s u c h   a  j i g   has   b e e n   p r e p a r e d ,  

t h e   o u t e r   f r a m e   46  i s   f i r s t   a d a p t e d   b e t w e e n   t h e   e n c l o s i n g  

member  71  and  t h e   c e n t e r   c o l u m n   72.   T h e n ,   a  n u m b e r   of  y o k e  

p i e c e s   47  a r e   i n s e r t e d   b e t w e e n   t h e   o u t e r   f r a m e   46  and  c e n t e r  

c o l u m n   72  f rom  t h e   u p s i d e   t o w a r d s   t h e   d o w n s i d e   of  F i g .   9 .  

A f t e r   a  p r e s c r i b e d   n u m b e r   of  yoke   p i e c e s   47  have   b e e n   i n s e r t e d ,  

t h e   e n c l o s i n g   member   71  i s   d i v i d e d   i n t o   two  a l o n g   t h e  

p a r t i t i o n   l i n e  7 3  o f  F i g .   8,  and  t h e   o u t e r   f r a m e   46  a n d  



a  p l u r a l i t y   of  yoke  p i e c e s   47  h a v i n g   b e e n  a d a p t e d   t h e r e i n  

a r e   t a k e n   ou t   so  t h a t   t h e   yoke   p i e c e s   may  n o t   be  in  b i t s .  

T h e n ,   t h e   yoke   e l e m e n t s   45,   h a v i n g   b e e n   t a k e n   o u t ,   a r e  

p u t   on  t h e   c o i l   38  p r e p a r e d   b e f o r e h a n d   in  t he   fo rm  a s  

shown  in  F i g .  4   and  t h e   fo rm  as  shown  in   F i g .   3  i s   c o n s t r u c t e d .  

By  t h e   s t e p   t h u s   f a r   t h e   a s s e m b l i n g   o f  t h e   c o i l   a s s e m b l y   3 6  

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

a s s e m b l y   36  i s   i n s e r t e d   i n t o   t h e   h o u s i n g   35.   T h e n ,   a  

p o s i t i o n i n g   j i g   74  i s   s e t   in   t h e   c o i l   a s s e m b l y   36.   T h i s  

p o s i t i o n i n g   j i g   74  c o n s i s t s   of  a  s e t t i n g   p o r t i o n   a d a p t a b l e  

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

35  and  of  a  rod   member   76  a d a p t e d   to   be  i n s e r t e d   in  t h e   c o i l  

a s s e m b l y   36  and  p o s i t i o n s   t h e   c o i l   a s s e m b l y   36  a g a i n s t   t h e  

h o u s i n g   35 .   The  rod   member   76  i s   f o r m e d   to   be  as  t h i c k   a s  

t h e   a f o r e m e n t i o n e d   a c t u a t o r   16.   N e x t ,   a  s u i t a b l e   t y p e   o f  

l i q u i d   f i l l e r   m a t e r i a l   i s   p o u r e d   i n t o   t h e   h o u s i n g   35  t h r o u g h  

an  i n j e c t i o n   p o r t   77  f o r m e d   i n   t h e   j i g   74.   T h i s   f i l l e r  

m a t e r i a l   i s   made  to   s t r e a m   in  among  t h e   c o i l   member   3 8 ,  

r e s p e c t i v e   yoke   p i e c e s   47  and  t h e   o u t e r   f r a m e   46  in   t h e  

c o i l   a s s e m b l y   36  as  w e l l   as  b e t w e e n . t h e   h o u s i n g   35  and  t h e  

c o i l   a s s e m b l y   36.   H a v i n g   b e e n   p o u r e d ,   t h e   f i l l e r   m a t e r i a l  

i s   s o l i d i f i e d .   In   t h i s   s o l i d i f y i n g   p r o c e s s ,   t h e   l i q u i d  

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

t h e   h o u s i n g   35  i s   s h u t   up  a  f o r e h a n d   w i t h   a  b o t t o m   p l a t e   3 5 a  

. a s   shown  in   F i g .   11.   A f t e r   t h e   f i l l e r   m a t e r i a l   has   b e e n  



s o l i d i f i e d ,   t h e   j i g   74  as  w e l l   as  t h e   b o t t o m   p l a t e   3 5 a  

i s   r e m o v e d .   By  t h e   s t e p   to  t h i s   p o i n t   t h e   m a g n e t i z e r   1 7  

i s   c o m p l e t e d .  

I f ,   in   p o u r i n g   t h e   f i l l e r   m a t e r i a l ,  t h e   rod   m e m b e r  

76  in   t h e   p o s i t i o n i n g   j i g   74  i s   made  of  a  m a g n e t i z a b l e  

m a t e r i a l   and  an  e l e c t r i c   c u r r e n t   i s   t u r n e d   on  in   t h e   c o i l  

member   38  of  t h e   c o i l   a s s e m b l y   36  t h r o u g h   p l u g s   43,   t h e  

f o l l o w i n g   e f f e c t s   can  be  o b t a i n e d .   T h a t   i s ,   as  t h e   r e s u l t  

of  t h e   a f o r e m e n t i o n e d   e n e r g i z a t i o n   of  t h e   c o i l   member   3 8 ,  

t h e   r o d   member   76  i s   m a g n e t i z e d   to  become   an  e l e c t r o m a g n e t .  

C o n s e q u e n t l y ,   t h e   i n t e r n a l   p e r i p h e r a l   e d g e s   49a  of  t h e  

end  m e m b e r s   49  in   many  yoke   p i e c e s   47  a r e   p u l l e d   by  t h e   r o d  

member  76  as  shown  in   F i g .   12.   In  t h i s   m a n n e r ,   t h e   i n t e r n a l  

p e r i p h e r a l   e d g e s   49a  of  t h e   end  m e m b e r s   49  in   many  y o k e  

p i e c e s   47  a r e   in   a l i g n m e n t   in   good  o r d e r   a r o u n d   t h e   o u t e r  

p e r i p h e r a l   s u r f a c e   of  t h e   rod   member  76.   M o r e o v e r ,   t h e  

e x t e r n a l   p e r i p h e r a l   e d g e s   49b  of  t h e   end  m e m b e r s   49  a r e  

r e p e l l i n g   one  a n o t h e r   to   be  a r r a n g e d   s i d e   by  s i d e   a t   r e g u l a r  

i n t e r v a l s   as  shown  in   F i g .   12,   s i n c e   a l l   of  t h e   e x t e r n a l  

p e r i p h e r a l   e d g e s   49b  a r e   m a g n e t i z e d   to  be  of  t h e   same  p o l a r i t y  

( f o r   e x a m p l e ,   N  p o l e ) .   T h e r e f o r e ,   i f   t h e   f i l l e r   m a t e r i a l  

i s   p o u r e d   among  t h e   yoke  p i e c e s   47  in   s u c h   an  a l i g n m e n t  

and  i s   s o l i d i f i e d   t h e r e ,   many  yoke  p i e c e s   47  can  be  f i x e d  

in  good  o r d e r   a t   s u b s t a n t i a l l y   r e g u l a r   i n t e r v a l s .  

F u r t h e r m o r e ,   s i n c e   t h e   i n t e r n a l   p e r i p h e r a l   e d g e s   49a  in   t h e  



c o i l   a s s e m b l y   36  f o r m e d   in  t h e   a f o r e m e n t i o n e d   m a n n e r   a r e  

a r r a n g e d   in  good  o r d e r   as  d e s c r i b e d   a b o v e ,   t h e   i n t e r n a l  

p e r i p h e r a l   e d g e s   49a  in   t h e   a s s e m b l e d   e l e c t r o m a g n e t   2  come  

to  p o s i t i o n s   v e r y   c l o s e   to   t h e   s t a t o r   c o r e   20  or  t h e   a r m a t u r e  

c o r e   31  of  t h e   a c t u a t o r   16.   S u b s e q u e n t l y ,   t h e   r e l u c t a n c e  

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

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

c o r e   31 .   F u r t h e r m o r e ,   t h e   h e a t   g e n e r a t e d   by  t h e   c o i l  

member  38  on  e n e r g i z a t i o n   t h e r e o f   can  be  u t i l i z e d   t o  q u i c k e n  

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

On  t h e   o t h e r   h a n d ,   t h e   a c t u a t o r   16  i s   m a n u f a c t u r e d  

s e p a r a t e l y   f rom  t h e   m a g n e t i z e r   17.  N a m e l y ,   t h e   t u b e   m e m b e r  

26  i s   p u t   on  t h e   s t a t o r   c o r e   20,  b o t h   a r e   f i x e d   to   e a c h   o t h e r  

by  w e l d i n g   and  t h e   a r m a t u r e   c o r e   31  i s   i n s e r t e d l y   m o u n t e d  

in   t h e   t u b e   member   26.   F u r t h e r ,   t h e   p u s h   p i n   29  i s   i n s e r t e d  

in   t h e   t h r o u g h   h o l e   28  of  t h e   b l o c k i n g   member   27,   w h i c h   i s  

t h e n   f i x e d   to   t h e   t u b e   member   26  by  w e l d i n g .   The  a c t u a t o r  

16  i s   t h u s   c o m p l e t e d .   N e x t ,   an  a c c o u n t   i s   g i v e n   of  t h e  

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

t h e   a c t u a t o r   16  i s   c o n n e c t e d   to   t h e   v a l v e   b o d y  4   by  s c r e w i n g  

t h e   t h r e a d e d   c o n n e c t o r   21  i n t o   t h e   t h r e a d e d   h o l e   of  t h e  

v a l v e   body   4.  T h e n ,   t h e   m a g n e t i z e r   17  i s   p u t   on  t h e   o u t e r  

p e r i p h e r a l   s u r f a c e   of  t h e   a c t u a t o r   16.   A  s t o p p e r   m e m b e r  

18,  f o r   e x a m p l e   a  C - s h a p e d   r i n g ,   i s   p u t   in   a  p e r i p h e r a l  

g r o o v e   27a  f o r m e d   on  t h e   b l o c k i n g   member   27,   t r a n s v e r s e l y  

to   t h e   a x i s   of  t h e   b l o c k i n g   member   27 .   T h u s ,   a l s o   t h e  



m a g n e t i z e r   17  i s   f i x e d   r e l a t i v e   to   t h e   v a l v e   d e v i c e   1 ,  

and  t h e   m a g n e t   v a l v e   a p p a r a t u s   is   c o m p l e t e d .  

Now,  F i g s .   13  and  14  show  a  d i f f e r e n t   e x a m p l e  

of  t he   a s s e m b l i n g   j i g   f o r   t h e   yoke   e l e m e n t s   46  ( u n l i k e   t h a t  

shown  i n   F i g s .   8  and  9 ) .   I n  t h e   a s s e m b l i n g   j i g   shown  i n  

F i g s .   13  and  14,   an  e n c l o s i n g   member  71e  i s   f o r m e d   i n t e g r a l  

w i t h   a  c e n t e r   c o l u m n   7 2 e .   I f   a  member   in   t h e s e   f i g u r e s  

is   c o n s i d e r e d   to   be  t h e   same  as  or  a l i k e   to   t h e   c o r r e s p o n d i n g  

one  in   p r e v i o u s   f i g u r e s ,   i t   i s   g i v e n   a  n u m e r a l   same  as  i n  

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

d e s c r i p t i o n   has   b e e n   o m i t t e d .   ( I n   any  of  t h e   f o l l o w i n g  

f i g u r e s ,   an  a l p h a b e t   f ,   g,  - - - - -   or  so  on  i s   s u c c e s s i v e l y  

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

r e p e a t e d   d e s c r i p t i o n   i s   a g a i n   o m i t t e d . )  

N e x t ,   F i g .   15  shows   a  d i f f e r e n t   e x a m p l e   o f  

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

a  mou ld   c o n s i s t s   of  two  m e m b e r s   78  and  79  and  t h e   l a t t e r  

i s   p r o v i d e d   w i t h   a  rod   member   7 6 f .   When  t h e   j i g   of  t h i s  

c o n s t r u c t i o n   i s   u s e d ,   a  h o u s i n g   35 f   c o n t a i n i n g   a  c o i l  

a s s e m b l y   t h e r e i n   i s   a d a p t e d   b e t w e e n   t h e   e l e m e n t s   79  and  7 8 .  

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

35 f   and  t h e   c o i l   a s s e m b l y   36 f   t h r o u g h   an  i n j e c t i o n   p o r t   7 7 f  

and  t h e   f i l l e r   m a t e r i a l   i s   s o l i d i f i e d .   In  t h i s   c a s e ,  

i t   i s   p r e f e r a b l e   to   e n e r g i z e   t h e   c o i l   member   3 8 f   t h r o u g h  

p l u g s   43  as  in   t h e   p r e v i o u s   c a s e .   A f t e r   t h e   f i l l e r   m a t e r i a l  



has   b e e n   s o l i d i f i e d ,   t he   e l e m e n t s   78  and  79  a r e   s e p a r a t e d  

f r o m   e a c h   o t h e r .   T h u s ,   a  m a g n e t i z e r   17f   i s   c o m p l e t e d .  

In  t h e   c a s e   of  t he   e x a m p l e   shown  in  F i g .   15,  i t   is   u n n e c e s s a r y  

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

p l a t e .  

In  t h e   n e x t   p l a c e ,   F i g .   16  shows  a  s t i l l   d i f f e r e n t  

e x a m p l e   of  t he   m o u l d i n g   m e t h o d   of  a  m a g n e t i z e r   17g .   T h e  

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

mould   as  shown  in  F i g .   15.  In  t h e   c a s e   of  t h i s   e x a m p l e ,  

t h e   m o u l d i n g   i s   done   w i t h o u t   u s i n g   t h e   h o u s i n g .   N a m e l y ,  

a  c o i l   member  38g  and  a  yoke   44g  a r e   p o s i t i o n e d   a r o u n d   a  

c e n t e r   c o l u m n   76g  of  an  e l e m e n t   79g  a n d ,   w i t h   t h e s e   k e p t  

t h e r e ,   e l e m e n t s   78g  and  79g  a r e   c o m b i n e d .   T h e n ,   t h e   f i l l e r  

m a t e r i a l   i s   i n j e c t e d   t h r o u g h   an  i n j e c t i o n   p o r t   77g  to   b e  

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

i n j e c t e d   f i l l e r   m a t e r i a l ,   on  s o l i d i f i c a t i o n   t h e r e o f ,   b e c o m e s  

a  member   w h i c h   f u n c t i o n s   as  a  h o u s i n g .   I t   i s   p r e f e r a b l e  

as  w e l l   in   t h i s   e x a m p l e   to  e n e r g i z e   t h e   c o i l   member   3 8 g  

t h r o u g h   p l u g s   43g  as  in   t h e   p r e v i o u s   c a s e .  

N e x t ,   F i g s .   17  and   18  s h o w  a   d i f f e r e n t   e x a m p l e  

of   t h e   j i g   u s e d   f o r   t h e   a s s e m b l i n g   of  yoke   e l e m e n t s   4 5 h .  

T h i s   j i g   c o n s i s t s   of  an  o u t e r   f r a m e   81,  an  i n n e r   f r a m e   8 2  

d i v i s i b l e   i n t o   two  s e c t i o n s   and  a  c o r e   83.   The  a s s e m b l i n g  

of   t h e   yoke   e l e m e n t   45h  w i t h   use   of  s u c h   a  j i g   i s   p e r f o r m e d  

as  f o l l o w s .   F i r s t ,   a  n u m b e r   of  yoke   p i e c e s   47h  a r e   a r r a n g e d  



and  f i x e d   a r o u n d   t h e   c o r e   as  shown  in  F i g .   17,   and  t h e  

p i e c e s   47h  t o g e t h e r   w i t h   t h e   c o r e   83  a r e   i n s e r t e d   i n t o  

t he   i n n e r   f r a m e   82  w h i c h   has   b e e n   s e t   in   t h e   o u t e r   f r a m e   8 1 .  

T h e n ,   a  b o n d i n g   a g e n t ,   f o r   e x a m p l e   l i q u i d   r e s i n s   or  a d h e s i v e s ,  

i s   p o u r e d   t h r o u g h   an  i n j e c t i o n   p o r t   84  f o r m e d   b e t w e e n   t h e  

i n n e r   f r a m e   82  and  t h e   c o r e   83.  A f t e r   t h e   b o n d i n g   a g e n t  

has   s e t t l e d ,   t h e   o u t e r   f r a m e   81  is   f i r s t   t a k e n   o f f ,   t h e n  

t he   i n n e r   f r a m e   82  i s   d i v i d e d   i n t o   two  s e c t i o n s   and  l a s t l y  

t h e   f i n i s h e d   yoke   e l e m e n t   45h  i s   d e t a c h e d   f r o m   t h e   c o r e   8 3 .  

S i n c e   a l l   t h e   many  yoke   p i e c e s   47h  in   t h e   yoke   e l e m e n t   4 5 h  

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

t h e   n e x t   s t e p ,   i . e .   s e t t i n g   t h e   yoke   e l e m e n t   a r o u n d   t h e  

c o i l   member   and  i n s e r t i n g   them  i n t o   t h e   h o u s i n g ,   can  b e  

c a r r i e d   ou t   e a s i l y .   I f   t h e  c o r e   83  of  t h e   p r e s e n t   e x a m p l e  

i s   made  of  a  p e r m a n e n t   m a g n e t ,   t h e   work   to  a r r a n g e   a n d  

f i x   t h e   many  yoke   p i e c e s   a r o u n d   t h e   c o r e   83  and  to   i n s e r t  

them  i n t o   t h e   i n n e r   f r a m e   82  i s   made  e a s y .   N a m e l y ,   i t  

b e c o m e s   p o s s i b l e   to   j o i n   ( t o   k e e p )   t h e   p l u r a l   yoke   p i e c e s  

47h  a r o u n d   t h e   c o r e   83  u n d e r   t h e   m a g n e t i c   f o r c e   t h e r e o f  

and  t h e   many  yoke   p i e c e s   can   be  p r e v e n t e d  f r o m   d i s p e r s i n g .  

M o r e o v e r ,   w i t h   use   of  s u c h   a  m a g n e t i z e d   c o r e ,   t h e   m a n y  

yoke   p i e c e s   can  be  a r r a n g e d   in   good  o r d e r   as  in   t h e   c a s e  

d e s c r i b e d   in   r e f e r e n c e   to  F i g .   1 2 .  

In  t h e   n e x t   p l a c e ,   F i g .   19  shows   a  s t i l l   d i f f e r e n t  

e x a m p l e   of  t h e   a s s e m b l i n g   j i g .   T h i s   e x a m p l e   of  t h e   a s s e m b l i n g  



j i g   d i f f e r s   f rom  t h a t   shown  in  F i g s .   17  and  18  in  t h e  

p a r t i t i o n   p o s i t i o n   of  an  i n n e r   f r a m e   8 2 i .  

N e x t ,   F i g .   20  shows   a  d i f f e r e n t   e m b o d i m e n t   o f  

t h e   p r e s e n t   i n v e n t i o n .   In  t h i s   e m b o d i m e n t   of  F i g .   2 0 ,  

a  yoke   44j  i s   d e s i g n e d   to  c o n s i s t s   of  f o u r   yoke   e l e m e n t s  

4 5 j .   G e n e r a l l y   s p e a k i n g ,   t he   n u m b e r   of  t h e   yoke   e l e m e n t s  

i s   n o t   l i m i t e d   to   2  of  t h e   p r e v i o u s   e m b o d i m e n t   o r  4   of  t h e  

p r e s e n t   e m b o d i m e n t   b u t   may  be  3  or  an  a r b i t r a r y   n u m b e r  

more  t h a n   3 .  

In  t h e   n e x t   p l a c e ,   a  d i f f e r e n t   e x a m p l e   of  t h e  

f o r m   of  t h e   yoke   p i e c e s   i s   shown  in   F i g s .   21  and  22.   A 

yoke   p i e c e   47k  shown  i n   t h e s e   f i g u r e s   i s   so  f o r m e d   t h a t  

i t s   t h i c k n e s s   i s   d e c r e a s i n g   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 a l  

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

In  a  f i n i s h e d   yoke   e l e m e n t   44k  as  shown  in   F i g .   28,   a  

p l u r a l i t y   of   t h e   yoke   e l e m e n t s   47k  made  in   t h i s   f o r m   c a n  

be  a r r a n g e d   c l o s e l y   w i t h o u t   any   a i r   g a p s .   C o n s e q u e n t l y ,  

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

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

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

can  be  r e d u c e d   to   o b t a i n   a  m a g n e t i c   c i r c u i t   c r o s s   s e c t i o n  

of  a  c e r t a i n   a r e a   and  h e n c e   i t   i s   p o s s i b l e   to   p r o m o t e   t h e  

m i n i a t u r i z a t i o n   of  an  e l e c t r o m a g n e t .   In  t h e   p r e s e n t   e x a m p l e ,  

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

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



p r o c e s s i n g   i s   p e r f o r m e d   f o r   r e d u c t i o n   of  eddy   c u r r e n t ,   i s  

u s e d   as  t h e   m a t e r i a l   of  t h e   yoke   p i e c e   4 7 k .  

N e x t ,   in  F i g s .   24  and  25  i s   shown  an  e x a m p l e   o f  

t h e   yoke   e l e m e n t   of  s t i l l   d i f f e r e n t   f o r m s .   In  t h e s e   f i g u r e s ,  

a  yoke   p i e c e   47 l   i s   f o r m e d   w i t h   s p a c e   s e c u r i n g   p r o j e c t i o n s  

86.   T h i s   p r o j e c t i o n   can  be  made  by  p r o t r u d i n g   a  s m a l l   p a r t  

of  a  yoke   p i e c e   47 t   s i m u l t a n e o u s l y   when  i t   i s   d i e d   f rom  a  

m e t a l   s h e e t   m a t e r i a l   ( m a g n e t i c   s h e e t   m a t e r i a l ) .   The  y o k e  

p i e c e s ,   e a c h   h a v i n g   s u c h   a  p r o j e c t i o n   86,  can  be  a r r a n g e d  

s y s t e m a t i c a l l y   a t   r e g u l a r   i n t e r v a l s .  

In   F i g s .   27  and  28  s h o w i n g   a  s t i l l   d i f f e r e n t  

e x a m p l e   of  t h e   yoke   p i e c e ,   an  e n g a g e   p r o j e c t i o n   87  i s   f o r m e d  

on  t h e   t o p   of  a  s p a c e   s e c u r i n g   p r o j e c t i o n   86m,  w h e r e a s   t h e  

r e a r   s i d e   of  t h e   s p a c e   s e c u r i n g   p r o j e c t i o n   86m  i s   s h a p e d   t o  

p r e s e n t   an  e n g a g e   r e c e s s   88.   When  a  yoke   e l e m e n t   46m  i s  

a s s e m b l e d   f r o m   t h e s e   yoke   p i e c e s   47m,  t h e y   can  be  u n i f i e d  

j u s t   by  a r r a n g i n g   them  i n   s u c h   a  m a n n e r   t h a t   t h e   e n g a g e  

p r o j e c t i o n   87  of   one  of  t h e   yoke   p i e c e s   47m  may  e n g a g e   w i t h  

t h e   e n g a g e   r e c e s s   88  of  a n o t h e r   of  t h e   yoke   p i e c e s   4 7 m .  

A c c o r d i n g l y ,   t h e   yoke   e l e m e n t   46m  can  be  a s s e m b l e d   w i t h o u t  

u s i n g   t h e   a f o r e m e n t i o n e d   o u t e r   f r a m e   as  shown  in   F i g .   2 9 .  

Now,  r e f e r r i n g   to   F i g .   30 ,   w h e r e   a  d i f f e r e n t  

e x a m p l e   of  t h e   a c t u a t o r   i s   s h o w n ,   an  a c t u a t o r   98  i n c l u d e s  

a  h o l l o w   c o n t a i n e r   92,   w h i c h   c o n s i s t s   of  a  c o n n e c t o r   9 3  

f o r   c o n n e c t i o n   to   t h e   body   of  t h e   v å l v e   a p p a r a t u s   and  o f  



a  r e c e i v e r   94  f o r   r e c e i p t   of  an  a r m a t u r e   c o r e   to   b e  

d e s c r i b e d   l a t e r .   The  c o n n e c t o r   93  i s   g e n e r a l l y   made  of  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   b u t   may  be  made  of  a  n o n -  

m a g n e t i c   m e t a l i c   m a t e r i a l .   The  r e c e i v e r   94  c o n s i s t s   of  a  

c y l i n d r i c a l   m e m b e r  9 7   a d a p t e d   to   g u i d e   t h e   a d v a n c i n g   o r  

r e t r e a t i n g   a r m a t u r e   c o r e   and  of  an  end  member   98  i n t e g r a l  

w i t h   t h e   c y l i n d r i c a l   member  97.   T h e s e   member s   97  and  9 8  

a r e   made  of  m a g n e t i c   m a t e r i a l s   b u t   may  be  made  of  n o n m a g n e t i c  

m a t e r i a l s .   One  end  of  an  i n t e r m e d i a t e   c y l i n d e r   99  i s   f i x e d  

to   one  end  of  t h e   c y l i n d r i c a l   member  97  by  w e l d i n g   a l l  o v e r  

t h e   p e r i p h e r i e s   of  b o t h   e n d s .   T h i s   i n t e r m e d i a t e   c y l i n d e r   9 9  

i s   s i t u a t e d   i n s i d e   t h e   c o i l   member   and  t h a t   o u t s i d e   t h e  

s p a c e   f o r   t h e   a d v a n c e   and  r e t r e a t   of  t h e   a r m a t u r e   c o r e .  

S u b s e q u e n t l y ,   t h i s   i n t e r m e d i a t e   c y l i n d e r   99  i s   made  o f  

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

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

c y l i n d e r   99  w h i c h   s h o u l d   p a s s   t h r o u g h   t h e   a r m a t u r e  c o r e  

and   s t a t o r   c o r e .   The  o t h e r   end  of  t h e   c y l i n d e r   99  i s  

f i x e d   to  a  c y l i n d r i c a l   p o r t i o n   96  by  w e l d i n g   a l l  o v e r   t h e i r  

p e r i p h e r i e s .   T h u s ,   t h e   h o l l o w   c o n t a i n e r   92  i s   h e r m e t i c a l l y  

s e a l e d .   In   t h e   h o l l o w   c o n t a i n e r   92,   a  s t a t o r   101  i s  

f i x e d l y   p r o v i d e d   c l o s e   t o   t h e   c o n n e c t o r   93  and  an  a r m a t u r e  

c o r e   102  i s   a r r a n g e d   f o r   a d v a n c e   and  r e t r e a t   to   t h e   l e f t  

and  t h e   r i g h t   in   F i g .   3 0 .  



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

c o r e   101  r e f e r r i n g   to   F i g s .   31  to  38 .   The  s t a t o r   c o r e   101 

c o n s i s t s   of  a  c e n t r a l   c o n n e c t i o n   member   103  and  a  c o r e   m a i n  

p o r t i o n   104  d i s p o s e d   t h e r e a r o u n d .   The  c o n n e c t i o n   m e m b e r  

103  c o n s i s t s   of  two  e l e m e n t s   105  and  106  j o i n e d   t o g e t h e r .  

The  c o n n e c t i o n   member   103  i s   made  of   a  h i g h   s t r e n g t h   m a t e r i a l  

s u c h   as  S10C  or  S45C.   E a c h   of  t h e   e l e m e n t s   105  and  1 0 6  

h a s ,   a t   i t s   p e r i p h e r y ,   an  a n n u l a r   j o i n t   p o r t i o n   107 ,   t h e  

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

a  d o v e t a i l   g r o o v e .   The  e l e m e n t   105  i s   p r o v i d e d ,   in   i t s  

c e n t r a l   p o r t i o n ,   w i t h   a  t h r o u g h   h o l e   108  in   w h i c h   t h e  

a f o r e m e n t i o n e d   p u s h   rod   25  i s   i n s e r t e d .   The  c o r e   m a i n  

p o r t i o n   104  i s   c o n s t r u c t e d   by  a s s e m b l i n g   a  p l u r a l i t y   o f  

s u c h   c o r e   e l e m e n t s   109  and  110  r e s p e c t i v e l y   as  shown  i n  

F i g s .   37  and  38 .   T h e s e   many  c o r e   e l e m e n t s   109  and  110  a r e  

a r r a n g e d   a l t e r n a t e l y   as  c l e a r l y   shown  in  F i g .   32  and  e a c h  

of  them  is   r a d i a l l y   d i s p o s e d   a r o u n d   t h e   c e n t r a l   c o n n e c t i o n  

member   103 .   The  c o r e   e l e m e n t   109  i s   made ,   f o r   e x a m p l e ,   o f  

a  s i l i c o n   s t e e l   s h e e t   and  t h e   c o r e   e l e m e n t   110  of  a  m a g n e t i c  

s t e e l   s h e e t   so  t h a t   i t   may  be  d i f f i c u l t   f o r   e d d y   c u r r e n t  

to   f l o w   in  t h e   c o r e   ma in   p o r t i o n   1 0 4 .   The  c o r e   p i e c e   1 1 0  

i s   made  t h i c k e r   t o w a r d s   t h e   o u t e r   p e r i p h e r a l   s i d e ,   i . e .  

t h i n n e r   t o w a r d s   t h e   i n n e r   p e r i p h e r a l   s i d e .   C o n s e q u e n t l y ,  

when  t h e   c o r e   p i e c e s   109  and  110  a r e   l a m i n a t e d   one  u p o n  

a n o t h e r ,   t h e y   can   be  a r r a n g e d   in   t h e   fo rm  of  an  a n n u l u s  



a r o u n d   t h e   c o n n e c t i o n   member   103 .   Bo th   t h e   c o r e   p i e c e s  

109  and  110  may  be  made  e i t h e r   of  s i l i c o n   s t e e l   s h e e t s   o r  

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

a r b i t r a r y   t y p e   i s   p r e f e r a b l y   a p p l i e d   to   i n c r e a s e   t h e  

s u p e r f i c i a l   e l e c t r i c   r e s i s t i v i t y .   When  t h e   c o r e   p i e c e s   o f  

b o t h   t he   a b o v e   t y p e s   a r e   made  of  a  s i n g l e   k i n d   of  m a t e r i a l  

as  in   t h e   a b o v e   c a s e ,   t h e y   need   n o t   be  d i f f e r e n t   in   s h a p e s  

f rom  e a c h   o t h e r   as  shown  in  F i g s .   37  and  38  b u t   t h o s e   c o r e  

p i e c e s   of  one  t y p e   a r e   s u f f i c e   w h i c h   have   s u c h   a  t h i c k n e s s  

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

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

of   t h e   c o r e   p i e c e s   109  and  110  i s   so  f o r m e d   as  to  p r e s e n t  

a  j o i n t   member   111  h a v i n g   a  s h a p e   c o n f o r m a b l e   to   t h e   j o i n t  

member   107  of  t h e   c o n n e c t i o n   member   103 .   The  a b o v e   i n n e r  

p e r i p h e r a l   p o r t i o n   of   t h e   c o r e   p i e c e s   109  and  110  i s   p r o v i d e d  

a l s o   w i t h   a  r e c e s s   1 1 2 .   A  n u m b e r   of  t h e   r e c e s s e s   112  o f  

a l l   t h e   c o r e   p i e c e s   109  and  110  a r e   d i s p o s e d   in   s u c c e s s i o n  

to   d e f i n e   an  a n n u l a r   g r o o v e   113  as  shown  in   F i g .   31 .   T h e  

c o r e   p i e c e s   109  and  110  a r e   f u r t h e r   p r o v i d e d   w i t h   a  g a i n   1 1 4  

f o r   p u t t i n g   a  s h a d i n g   c o i l   t h e r e i n .   T h e s e   g a i n s   114  a s  

w e l l   d e f i n e   an  a n n u l a r   g r o o v e   115  as  shown  in   F i g .   3 2 .  

In   t h e   g r o o v e   115  i s   e m b e d e d   a  s h a d i n g   c o i l   116 ,   w h i c h   i s  

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

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

o r   o u t .  
o r  s t a n p i n g  



Now,  t h e   a r m a t u r e   c o r e   102  i s   d e s c r i b e d   r e f e r r i n g  

to   F i g s .   40  to   42 .   T h i s   a r m a t u r e   c o r e   102  i s   c o n s t r u c t e d  

e q u i v a l e n t l y   to  t h e   a f o r e m e n t i o n e d   s t a t o r   c o r e   101 .   T h a t   i s ,  

a  c o n n e c t i o n   member   117  c o n s i s t s   of  two  e l e m e n t s   118  and  1 1 9  

e a c h   of  w h i c h   has   a  j o i n t   p o r t i o n   120 .   On  t h e   o t h e r   h a n d ,  

a  c o r e   ma in   p o r t i o n   121  a r o u n d   t h e   c o n n e c t i o n   member   1 1 7  

i s   f o r m e d   of  a  p l u r a l i t y   of  t h o s e   c o r e   p i e c e s   122 ,   e a c h  

b e i n g   made  of  a  s i l i c o n   s t e e l   s h e e t   and  t h o s e   c o r e   p i e c e s ,  

e a c h   b e i n g   made  of  a  m a g n e t i c   s t e e l   s h e e t ,   w h i c h   a r e  

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

117 .   F u r t h e r m o r e ,   e a c h   of  t h e   c o r e   p i e c e s   122  and  123  h a s  

a  j o i n t   p o r t i o n   124 ,   w h i c h   i s   c o u p l e d   w i t h   t h e   j o i n t   p o r t i o n  

120  of  t h e   c o n n e c t i o n   member   117 .   The  c o r e   main   p o r t i o n   121  

of  t h e   a r m a t u r e   c o r e   102  i s   p r o v i d e d ,   on  i t s   s i d e   s u r f a c e ,  

w i t h   an  o i l   p a s s a g e   s l o t   125  w h i c h   i s   c u t   l e n g t h w i s e   i n  

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

t h e   d i r e c t i o n   of  a d v a n c e   or  r e t r e a t   of  t h e   a r m a t u r e   c o r e .  

The  s l o t   125  i s   f o r m e d   by  s a n d w i c h i n g   s e v e r a l   c o r e   p i e c e s  

1221  and  1 2 3 '   of  s m a l l e r   r a d i a l   s i z e   b e t w e e n   t h e   c o r e   p i e c e s  

122  and  123 .   An  o i l   p a s s a g e  s l o t   126  i s   f o r m e d   on  t h a t  

end  s u r f a c e   of  t h e   c o r e   ma in   p o r t i o n   121  w h i c h   i s   o p p o s i t e  

to  t h e   s t a t o r   c o r e   1 0 1 .   T h i s   s l o t   126  is   p r e p a r e d   b y  

r e d u c i n g   t h e   a x i a l   l e n g t h   of  t h e   c o r e   p i e c e   1 2 2 1 ,   i . e .  

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

102  a t   t h e   s l o t   126  as  c l e a r l y   shwon  in   F i g .   42 .   F u r t h e r m o r e ,  



on  t h e   e l e m e n t   118  of  t h e   c o n n e c t i o n   member   117  in   t h e  

a r m a t u r e   c o r e   102  i s   f o r m e d   an  o i l   p a s s a g e   s l o t   127  w h i c h  

c o m m u n i c a t e s   w i t h   t h e   a f o r e m e n t i o n e d   o i l   p a s s a g e   s l o t   1 2 6 .  

The  d i s t a n c e   L  b e t w e e n   t h e   i n n e r   ends   of  a  p a i r   of  o p p o s t i n g  

s l o t s   127  i s   made  s m a l l e r   t h a n   t h e   d i a m e t e r   of  t h e   p u s h  

r o d   25.   A c c o r d i n g l y ,   e v e n   when  t h e   a r m a t u r e   c o r e   102  h a s  

b e e n   p u l l e d   by  t h e   s t a t o r   c o r e   101 ,   a  p a r t   of  t h e   s l o t   1 2 7  

can  c o m m u n i c a t e   w i t h   t he   t h r o u g h   h o l e   108  w h e r e   t h e   w o r k i n g  

o i l   f l o w s .  

When  an  e l e c t r i c   c u r r e n t   i s   t u r n e d   on  in   t h e  

c o i l   to  a c t u a t e   t h e   a r m a t u r e   c o r e   102  in   t h e   a b o v e   m e n t i o n e d  

c o n s t r u c t i o n ,   t h e   eddy   c u r r e n t   l o s s   in   t h e   s t a t o r   c o r e   101  

and  t h e   a r m a t u r e   c o r e   102  due  to   t h e   e l e c t r i c   c u r r e n t ,  

e v e n   t h o u g h   an  a l t e r n a t e   c u r r e n t ,   can  be  r e d u c e d   and  t h e  

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

a c t u a t i o n   of  t h e   a r m a t u r e   c o r e   1 0 2 .   The  r e a s o n   i s   as  f o l l o w s .  

The  r e s p e c t i v e   c o r e   ma in   p o r t i o n s   104  and  121  of  t h e   s t a t o r  

c o r e   101  and  t h e   a r m a t u r e   c o r e   102  a r e   b o t h   of  l a m i n a t e d  

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

t o   f l o w .   On  t h e   o t h e r   h a n d ,   s i n c e   e i t h e r   t h e   c o n n e c t i o n  

member   103  or  117  i s   of  s o l i d   c o n s t r u c t i o n ,   t h e r e   i s   a  

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

H o w e v e r ,   e i t h e r   t h e   c o n n e c t i o n   member   103  or  117  i s   u s e d  

in   t h e   c e n t r a l   r e g i o n   of  t h e   r e s p e c t i v e   c o r e   101  or  1 0 2  



and   so  i t s   c r o s s - s e c t i o n a l   a r e a   i s   much  s m a l l e r   c o m p a r e d  

w i t h   t h a t   of  t h e   c o r e   101  or  102 .   For   e x a m p l e ,   i f   t h e  

r a d i u s   of   t h e   c o n n e c t i o n   member   i s   1 /3   of  t h a t   of  t h e   c o r e ,  

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

t o   1 / 9 ,   and   i f  t h e   r a d i u s   1 / 5 ,   t h e   c r o s s - s e c t i o n a l   a r e a   1 / 2 5 .  

I f   t h e   c r o s s - s e c t i o n a l   a r e a   of  t h e   c o n n e c t i o n   member   i s   s o  

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

s m a l l e r .   For   t h i s   r e a s o n ,   t h e   e d d y   c u r r e n t   l o s s   in   t h e  

c o r e s   101  and  102  i s   s m a l l .  

M o r e o v e r ,   in   t h e   a b o v e   m e n t i o n e d   o p e r a t i o n ,  

when   t h e   l o a d   b e a r i n g   s u r f a c e   of  t h e   a r m a t u r e   c o r e   1 0 2 ,  

i . e .   t h e   s u r f a c e   t h e r e o f   to   a b u t   on  t h e   p u s h   r o d   25,   s t r i k e s  

a g a i n s t   t h e   p u s h   rod   25,   t h e   r e a c t i o n   f o r c e   of  an  i m p a c t  

i s   e x e r t e d   on  t h e   c o n n e c t i o n   member   117  by  t h e   p u s h   r o d   2 5  

i n   t h e   a x i a l   d i r e c t i o n   ( t h e   l e f t   and   r i g h t   d i r e c t i o n   i n  

F i g .   3 0 ) .   The  r e a c t i o n   f o r c e   i s   a p p l i e d   t h r o u g h   t h e   j o i n t  

p o r t i o n   120  and   t h e   j o i n t   p o r t i o n   124  j o i n t e d   t h e r e t o  

e q u a l l y   on  a l l   t h e   p i e c e s   1 2 2 ,  1 2 3 ,  1 2 2 1   and   1 2 3 ' .  

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

a b o u t   among  t h e   many  p i e c e s   1 2 2 ,   1 2 3 ,   122 t   and  1 2 3 '   e v e n   i f  

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

F u r t h e r m o r e ,   in   t h e   a b o v e   o p e r a t i o n   of  t h e  

a r m a t u r e   c o r e ,   t h e   p u s h   r o d   25  a d v a n c e s   and  r e t r e a t s   r e p e a t e d l y  

i n   t h e   t h r o u g h   h o l e   108  b o r e d   t h r o u g h   t h e   c e n t r a l   p o r t i o n  

o f   t h e   s t a t o r   c o r e   1 0 1 .   H o w e v e r ,   any   of  t h e   c o r e   p i e c e s  



109  and  110  d o e s   n o t   t o u c h   t h e   a d v a n c i n g   or  r e t r e a t i n g   p u s h  

r o d   25,   s i n c e   t h e   t h r o u g h   h o l e   108  i s   f o r m e d   in  t h e   c o n n e c t i o n  

member  103 .   T h u s ,   t h e   o p e r a t i o n   of  t h e   a p p a r a t u s   o v e r   a  l o n g  

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

t h e   many  c o r e   p i e c e s   109  and  1 1 0 .  

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

of  t he   a c t u a t o r   90  i s   d e s c r i b e d .   F i r s t   t h e   s t a t o r   c o r e  

101  of  t h e   a c t u a t o r   90  i s   m a n u f a c t u r e d   as  f o l l o w s .   One  

e l e m e n t   105  of  t h e   c o n n e c t i o n   member   as  shown  in  F i g .   3 6 ,  

one  e l e m e n t   106  of  t h e   c o n n e c t i o n   member   as  shown  in  F i g .   3 6  

and  a  n u m b e r   of  c o r e   p i e c e s   109  as  shown  in  F i g .   37  a n d  

c o r e   p i e c e s   110  as  shown  in   F i g .   38  a r e   p r e p a r e d .   T h e  

e l e m e n t   105  i s   f i x e d   on  t h e   j i g   128 ,   p r e p a r e d   in   a d v a n c e ,  

by  an  a r b i t r a r y   m e t h o d   as  shown  in   F i g .   9 ( A ) .   For   e x a m p l e ,  

i t   i s   f i x e d   by  i n s e r t i n g   a  p o s i t i o n i n g   rod   129  of  t h e   j i g  

128  i n t o   t h e   t h r o u g h   h o l e   108 .   T h e n ,   many  p i e c e s   109  a n d  

110  a r e   a r r a n g e d   r a d i a l l y   a r o u n d   t h e   e l e m e n t   105  in   s u c c e s s i o n  

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

as  shown  in   F i g .   32  may  be  e s t a b l i s h e d .   In  t h i s   c a s e ,   t h e  

j o i n t   member   111  of  e a c h   c o r e   p i e c e   i s   b r o u g h t   i n t o   e n g a g e m e n t  

w i t h   t h e   j o i n t   member   107  of  t h e   e l e m e n t   105 .   In  t h e   n e x t  

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

b e e n   a r r a n g e d ,   t h e   e l e m e n t   106  i s   t h r u s t e d   a g a i n s t   t h e  

e l e m e n t   105  by  a  s u i t a b l e   p r e s s i n g   in   m e t h o d   so  t h a t   t h e  

j o i n t   member   107  may  e n g a g e   t h e   j o i n t   member  111 .   A f t e r   t h e  



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

s l i p p i n g   away  ou t   of  t he   c o n n e c t i o n   member   103  by  t h e   e n g a g e -  

ment   of  t h e   j o i n t   member  111  of  e a c h   c o r e   p i e c e   w i t h   t h e  

j o i n t   member   107  of  t h e   c o n n e c t i o n   member   103 .   The  e l e m e n t  

106  i s   s e c u r e l y   f i x e d   to  t h e   e l e m e n t   105  by  c a u l k i n g   a  p a r t  

i n d i c a t e d   by  t h e   n u m e r a l   130  and  t h e   r e l i a b l e   u n i f i c a t i o n  

b e t w e e n   t h e   e l e m e n t s   105  and  106  and  b e t w e e n   t h e s e   e l e m e n t s  

and  c o r e   p i e c e s   109  and  110  i s   o b t a i n e d   by  w e l d i n g   a  p a r t  

i n d i c a t e d   by  t h e   n u m e r a l   131 .   T h e r e a f t e r ,   t h e   o u t e r   s u r f a c e  

of  t h e   c o r e   ma in   p o r t i o n   104  i s   p r o c e s s e d   by  p o l i s h i n g   ( f o r  

e x a m p l e   by  c e n t e r l e s s   p o l i s h i n g )   to  be  f i n i s h e d   to   a  d i a m e t e r  

s u i t a b l e   f o r   t i g h t l y   f i t t i n g   in   t h e   c y l i n d r i c a l   p o r t i o n   9 6  

of  t h e   h o l l o w   c o n t a i n e r   92  and  i n s i d e   t h e   i n t e r m e d i a t e  

c y l i n d e r   99 .   M o r e o v e r ,   b o t h   t h e   end  s u r f a c e s   of  t h e   s t a t o r  

c o r e   101  ( t h e   l e f t   and  t h e   r i g h t   end  s u r f a c e s   in   F i g .   3 3 )  

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

A f t e r   or   b e f o r e   t h e   p o l i s h i n g   and  t h e   c u t t i n g   p r o c e s s e s ,  

t h e   s h a d i n g   c o i l   116  i s   f i t t e d   in   t h e   g r o o v e   1 1 5 .   T h i s  

f i t t i n g   p r o c e d u r e   c o n s i s t s   of  i n s e r t i n g   t h e   c o i l   116  i n t o  

t h e   g r o o v e   115  and  d e f o r m i n g   a  p a r t   i n d i c a t e d   by  a  n u m e r a l  

132  of   F i g .   32  to   t h e   fo rm  as  shown  in   F i g .   34  to   make  t h e  

c o i l   116  a b u t   t h e   s i d e   s u r f a c e   of  t h e   g r o o v e   115  and  b e  

f i x e d   t h e r e i n .   In  t h i s   m a n n e r ,   t h e   s t a t o r   c o r e   101  i s  

c o m p l e t e d .  

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

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



101 .   T h a t   i s ,   a f t e r   t h e   c o r e   main  p o r t i o n   121  has   b e e n  

c o m b i n e d   w i t h   t h e   c o n n e c t i o n   member  117 ,   t h e   e l e m e n t s   1 1 8  

and  119  a r e   f i x e d   to   e a c h   o t h e r   by  c a u l k i n g   a  p a r t   i n d i c a t e d  

by  a  n u m e r a l   133  and  t h e n   t h e   r e l i a b l e   u n i f i c a t i o n   b e t w e e n  

t h e   e l e m e n t s   118  and  119  and  b e t w e e n   them  and  t h e   p i e c e s  

122 ,   123 ,   1 2 2 '   and  123 '   i s   o b t a i n e d   by  w e l d i n g   s u c h   p a r t s ,  

as  i n d i c a t e d   by  n u m e r a l s   134  and  135 ,   r e s p e c t i v e l y .   T h e  

o u t e r   s u r f a c e   of  c o r e   ma in   p o r t i o n   121  i s   p r o c e s s e d   b y  

p o l i s h i n g   and  t h e   a r m a t u r e   c o r e   102  i s   c o m p l e t e d .  

On  t h e   o t h e r   h a n d ,   t h e   c o n n e c t i o n   member   93  a n d  

the   r e c e i v e r   94  of  t h e   h o l l o w   c o n t a i n e r   92  a r e   f o r m e d  

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

t he   r e c e i v e r   94,   t h e   c y l i n d r i c a l   member  97  and  t h e  

i n t e r m e d i a t e   c y l i n d e r   99  a r e   w e l d e d   t o g e t h e r   in   a d v a n c e   a n d  

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

t h e y   may  n o t   i n t e r f e r e   w i t h   t h e   a d v a n c e   and  r e t r e a t   m o v e m e n t  

o f . t h e   a r m a t u r e   c o r e   1 0 2 .  

As  a  n e x t   p r o c e d u r e ,   t h e   s t a t o r   c o r e   101 ,   t h e  

a r m a t u r e   c o r e   102 ,   p u s h   p i n s   and  so  on  a r e   f i l l e d   t o g e t h e r  

in   t h e   h o l l o w   c o n t a i n e r   62  and  t h e r e b y   t h e   a c t u a t o r   90  i s  

c o m p l e t e d .   The  f i r s t   s t e p   of  t h i s   p r o c e d u r e   i s   to   f i t   t h e  

s t a t o r   c o r e   101  i n t o   t h e   c y l i n d r i c a l   member  96  of  t h e  

c o n n e c t o r   93.   M e a n w h i l e   t h e   p u s h   p i n s   a r e   i n s e r t e d   i n t o  

t h e   t h r o u g h   h o l e s   of  t h e   r e c e i v e r   94  and  b e s i d e s   t he   a r m a t u r e  

c o r e   102  i s   c o n t a i n e d   i n s i d e   t h e   r e c e i v e r   94.  T h e n ,   one  e n d  



p o r t i o n   of  t h e   i n t e r m e d i a t e   c y l i n d e r   99  of  t h e   r e c e i v e r   9 4  

i s   made  to  c o v e r   t h e   s t a t o r   c o r e   101 .   N e x t ,   one  end  e d g e s   o f  

t h e   c y l i n d r i c a l   p o r t i o n   96  and  the   i n t e r m e d i a t e   c y l i n d e r  

99  of  t h e   r e c e i v e r   94  a r e   met  to   e a c h   o t h e r   and  w e l d e d  

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

113  of  t h e   s t a t o r   c o r e   101  i s   s i t u a t e d   j u s t   i n s i d e   t h e  

c o n t a c t i n g   e d g e s   of  t h e   c y l i n d r i c a l   p o r t i o n   96  and  t h e  

i n t e r m e d i a t e   c y l i n d e r   99.   A c c o r d i n g l y ,   when  t h e   c o n t a c t i n g  

e d g e s   a r e   w e l d e d   and  h e n c e   h e a t e d ,   t h e   h e a t   due  to  w e l d i n g  

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

h a r d   to  be  c o o l e d )   and  as  r e s u l t   of  t h a t ,   t h e   c o n t a c t i n g  

ends   can  be  w e l d e d   w i t h   e a s e   and  in   a d d i t i o n   w i t h   good  w o r k  

e f f i c i e n c y .   In  c o n s e q u e n c e   of  t h e   a b o v e   w e l d i n g   w o r k ,   a  

r a i s e d   s t r i p e   136  i s   f o r m e d   w h i c h   r i s e s   f r o m   t h e   c o n t a c t i n g  

e d g e s   t o w a r d s   t h e   b o t t o m   of  t h e   g r o o v e   113  as  shown  i n  

F i g .   33.   T h i s   r a i s e d   s t r i p e   1 3 6 ,   as  a  m a t t e r   of  c o u r c e ,  

i s   f o r m e d   a l l  o v e r   t h e   c i r c u m f e r e n c e   of  t h e   g r o o v e   113  a n d  

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

of   t h e   s t a t o r   c o r e   101  r e l a t i v e   to   t h e   h o l l o w   c o n t a i n e r   9 2  

i s   p r e v e n t e d .   By  t h e   work   as  p r o c e e d s   in   t h e   f o r e g o i n g   m a n n e r ,  

t h e   c y l i n d r i c a l   p o r t i o n   96  and  t h e   i n t e r m e d i a t e   c y l i n d e r   9 9  

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

h o l l o w   c o n t a i n e r   92  to   w h i c h ,   a t   t h e   same  t i m e ,   i s   s e c u r e d  

t h e   a r m a t u r e   c o r e   101  to   c o m p l e t e   t h e   a c t u a t o r   9 0 .  



As  many  a p p a r e n t l y   w i d e l y   d i f f e r e n t   e m b o d i m e n t s  

of  t h e   p r e s e n t   i n v e n t i o n   may  be  made  w i t h o u t   d e p a r t i n g   f r o m  

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

t h e   i n v e n t i o n   i s   n o t   l i m i t e d   to  t h e   s p e c i f i c   e m b o d i m e n t s  

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



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

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

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

yoke   d i s p o s e d   a r o u n d   s a i d   c o i l   member   and  a d a p t e d   to  c o n d u c t  

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

i s   g e n e r a t e d   by  and  p a s s e s   o u t s i d e   of  s a i d   c o i l   m e m b e r ,  

t h e   i m p r o v e m e n t   c h a r a c t e r i z e d   by  t h a t   s a i d   yoke   i s   made  o f  

a  n u m b e r   of  s i m i l a r   yoke   p i e c e s   a r r a n g e d   r a d i a l l y   a r o u n d  

s a i d   c o i l   m e m b e r .  

2.  In   t h e   e l e c t r o m a g n e t   as  s e t   f o r t h   in   c l a i m  

1,  t h e   i m p r o v e m e n t   c h a r a c t e r i z e d   by  t h a t   e a c h   of  s a i d   y o k e  

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

t h e r e o f   and  t h i c k e r   t o w a r t s   t h e   o u t e r   p e r i p h e r a l   edge   t h e r e o f  

and   t h e   s i d e   s u r f a c e s   of  s a i d   e a c h   yoke   p i e c e   i s   in   c l o s e  

v i c i n i t y   of  t h e   s i d e   s u r f a c e s   of  a d j a c e n t   yoke   p i e c e s .  

3  In  t h e   e l e c t r o m a g n e t   as  s e t   f o r t h   in   c l a i m   1 ,  

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

c o n s i s t s   of  a  c o n n e c t i o n   member   and  of  a  n u m b e r   of  c o r e  

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



4.  In  t h e   e l e c t r o m a g n e t   as  s e t   f o r t h   in  c l a i m   1 ,  

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

c o n s i s t s   of  a  c o n n e c t i o n   member  and  a  n u m b e r   of  c o r e   p i e c e s  

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

5.  In  a  m e t h o d   f o r   m a n u f a c t u r i n g   an  e l e c t r o -  

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

and  an  a r m a t u r e   c o r e   b o t h   b e i n g   m o u n t e d   a b o u t   t h e   c e n t e r  

a x i s   of  s a i d   c o i l   member   and  a  yoke   d i s p o s e d   a r o u n d   s a i d  

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

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

p a s s e s   o u t s i d e   of  s a i d   c o i l   member ,   s a i d   yoke   c o n s i s t i n g  

of   a  n u m b e r   of  s i m i l a r   yoke   p i e c e s   a r r a n g e d   r a d i a l l y   a r o u n d  

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

i n c l u d i n g   t h e   f o l l o w i n g   s t e p s   (a)   to   ( d ) :  

(a )   a  s t e p   to   f o rm  s a i d   c y l i n d r i c a l   c o i l   m e m b e r ,  

(b)   a  s t e p   to   f o rm  p l u r a l   yoke   e l e m e n t s ,   e a c h  

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

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

s u r f a c e   c o a x i a l   w i t h   t he   o u t e r   s i d e   s u r f a c e   of  s a i d   c o i l  

m e m b e r ,  

(c)   a  s t e p   to   a r r a n g e   s a i d   p l u r a l   yoke   e l e m e n t s  

a r o u n d   s a i d   c y l i n d r i c a l   c o i l   member  so  t h a t   s a i d   e l e m e n t s  

may  s o r r o u n d   s a i d   c o i l   m e m b e r ,   a n d  

(d)  a  s t e p   to  c o n n e c t   s a i d   c y l i n d r i c a l   c o i l  

member   and  p l u r a l   yoke   e l e m e n t s   t o g e t h e r .  



6.  A  m e t h o d   as  s e t   f o r t h   in   c l a i m   5  w h e r e i n  

t h e   s t e p   to  fo rm  s a i d   yoke   e l e m e n t   c o n s i s t s   of  s e t t i n g   a n  

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

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

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

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

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

t h e   c e n t e r   a x i s ,   and  t a k i n g   ou t   s a i d   o u t e r   f r a m e   t o g e t h e r  

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

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

7.  A  m e t h o d   as  s e t   f o r t h   in  c l a i m   6  w h e r e i n  

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

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

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

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

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

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

and   c o n n e c t i n g   s a i d   c o i l   member   and  s a i d   yoke   e l e m e n t s  

t o g e t h e r   by  p o u r i n g   s a i d ' l i q u i d   f i l l e r   m a t e r i a l   b e t w e e n   s a i d  

h o u s i n g   and   s a i d   rod   member   and  by  s o l i d i f y i n g   s a i d   f i l l e r  

m a t e r i a l .  

8.  A  m e t h o d   as  s e t   f o r t h   in   c l a i m   7  w h e r e i n  

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



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

member  made  of  a  m a g n e t i c   m a t e r i a l ,   and  b e s i d e s   a  s t e p   i s  

i n c l u d e d   in   w h i c h   s a i d   rod   member   i s   m a g n e t i z e d   by  e n e r g y z i n g  

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

9.  A  m e t h o d   as  s e t   f o r t h   in   c l a i m   5  w h e r e i n  

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

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

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

c o i l   member   i n t o   an  i n n e r   mou ld   and  i n s e r t i n g   a  rod   m e m b e r  

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

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

and  c o n n e c t i n g   s a i d   c o i l   member  and  s a i d   yoke   e l e m e n t s  

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

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

i n s i d e   s a i d   mou ld   and  by  s o l i f y i n g   s a i d   f i l l e r   m a t e r i a l .  

10 .   The  m e t h o d   as  s e t   f o r t h   in   c l a i m   5  w h e r e i n  

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

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

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

one  a n o t h e r   by  p o u r i n g   a  b i n d e r   m a t e r i a l   f o r   u n i f y i n g   s a i d  

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

and  by  s o l i d i f y i n g   s a i d   b i n d e r   m a t e r i a l .  



11.  A  m e t h o d   as  s e t   f o r t h   in   c l a i m   10  w h e r e i n  

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

a  c o r e   i s ,   in   e f f e c t ,   a  s t e p   to   a r r a n g e   a  n u m b e r   of  s a i d  

yoke   p i e c e s   one  by  one  a r o u n d   a  c o r e   made  of  a  m a g n e t   u n d e r  

t h e   a t t r a c t i n g  f o r c e   due  to  s a i d   m a g n e t i z e d   c o r e .  
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