
European  Patent  Office  ©  Publication  number:  0  1 5 1   8 7 8  

Office  europeen  des  brevets  A 1  

©  EUROPEAN  PATENT  APPLICATION 

©  Application  number:  84308700.8  ©  Int.  CI.4:  H  01  J  3 5 / 1 0  

^   H  01  J  1 /44 
@  Date  of  filing:  13.12.84 

©  Priority:  03.02.84  JP  17787/84  ©  Applicant:  Kabushmi  Kaisha  Toshiba 
72,  Horikawa-cho  Saiwai-ku 
Kawasaki-shi  Kanagawa-ken  210(JP) 

@  Date  of  publication  of  application: 
21.08.85  Bulletin  85/34  @  Inventor:  Takahara,  Kenichi 

c/o  Patent  Division,  Kabushiki  Kaisha  Toshiba 
©  Designated  Contracting  States:  1-1  Shibaura  1-chome  Minato-ku  Tokyo  105UP) 

DE  PR  GB  NL 
@  Inventor:  Sudo,  Hajime 

c/o  Patent  Division,  Kabushiki  Kaisha  Toshiba 
1  -1  Shibaura  1  -chome  Minato-ku  Tokyo  1  05(JP) 

©  Representative:  Freed,  Arthur  Woolf  et  al, 
MARKS  &  CLERK  57-60  Lincoln's  Inn  Fields 
London  WC2A3LS(GB) 

©  Rotating-anode  X-ray  tube. 

@  Disclosed  is  a  rotating-anode  X-ray  tube  which  compris- 
es  a  housing  (10),  a  cathode  (22)  and  a  rotating  anode  (26) 
arranged  in  one  end  side  of  the  housing,  a  rotating  cylinder 
(40)  set  in  the  other  end  side  of  the  housing  (10)  and  adapted 
to  be  rotated  by  an  electric  motor  (52),  the  rotating  cylinder 
(40)  supporting  the  rotating  anode  (26),  a  magnetic  bearing 
(60)  disposed  in  the  other  end  side  of  the  housing  (10)  and 
supporting  the  rotating  cylinder  (40)  uncontacted  in  the 
radial  and  axial  directions  thereof,  and  a  shielding  wall  (34) 
for  dividing  the  inside  space  of  the  housing  (10)  into  a  first 
chamber  containing  the  cathode  (22)  and  the  rotating  anode 
(26),  and  a  second  chamber  containing  the  magnetic  bearing 
(60),  whereby  the  first  chamber  is  thermally  and  electro- 
magnetically  shielded  from  the  second  chamber. 
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The  p r e s e n t   i n v e n t i o n   r e l a t e s   to  a  r o t a t i n g -  

a n o d e   X - r a y   t u b e ,   and  more  s p e c i f i c a l l y   to  a  r o t a t i n g -  

a n o d e   X - r a y   t u b e   in  w h i c h   a  r o t a t i n g   s h a f t   r o t a t e d  

t o g e t h e r   w i t h   i t s   r o t a t i n g   a n o d e   i s   s u p p o r t e d   by  a  

m a g n e t i c   b e a r i n g .  

In  a  r o t a t i n g - a n o d e   X - r a y   t u b e   of  t h i s   t y p e ,  
t h e r m i o n s   e m i t t e d   f rom  a  c a t h o d e   a r e   c a u s e d   to   s t r i k e  

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

so  t h a t   t he   e n e r g y   of  t h e   t h e r m i o n s   i s   d i s c h a r g e d  

as  X - r a y s .   T h u s ,   in  such   a  r o t a t i n g - a n o d e   X - r a y  

t u b e ,   t he   s u b s t a n t i a l   t a r g e t   s u r f a c e   a r e a   of  t h e  

r o t a t i n g   anode   s t r u c k   by  t h e r m i o n s   can  be  m a d e  

w i d e r   t h a n   t h a t   of  a  s t a t i o n a r y   a n o d e   of  a  s t a t i o n a r y -  

a n o d e   t u b e ,   so  t h a t   h e a t   l o a d   a p p l i e d   to   t he   r o t a t i n g  

anode   can  be  r e d u c e d .   To  m a x i m i z e   t h i s   a d v a n t a g e  

o f  t h e   r o t a t i n g - a n o d e   X - r a y  t u b e ,  t h e r e f o r e ,   t h e  

r o t a t i n g   anode   s h o u l d   p r e f e r a b l y   be  r o t a t e d   as  f a s t  

as  p o s s i b l e .  

H o w e v e r ,   in  t he   r o t a t i n g - a n o d e   X - r a y   t u b e   in  w h i c h  

a  r o t a t i n g   s h a f t   r o t a t e d   t o g e t h e r   w i t h   the   r o t a t i n g  

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

c o n t a c t   t y p e ,   the   i n s i d e   of  t he   X - r a y   t u b e   is  k e p t  

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

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

t he   a n o d e   is  r o t a t e d   a t   a  h i g h   s p e e d ,   t h e r e f o r e ,   t h e  

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



i n c r e a s e .   M o r e o v e r ,   a l t h o u g h   t he   a m o u n t   of  h e a t   on  t h e  

r o t a t i n g   anode   may  be  s m a l l e r   t h a n   t h a t   a p p l i e d   to  t h e  

s t a t i o n a r y   a n o d e   of  t h e   s t a t i o n a r y - a n o d e   t u b e ,   t h e  

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

t h a n   a  t h o u s a n d   d e g r e e s   c e n t i g r a d e   d u r i n g   u s e .   T h u s ,  

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

be  h e a t e d   f u r t h e r   due  to   t h e   e x t e r n a l   f a c t o r   of  h e a t  

b e i n g   c o n d u c t e d   f rom  t h e   t a r g e t   s u r f a c e   of  t he   r o t a t i n g  

a n o d e .  

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

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

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

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

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

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

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

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

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

T h e r e f o r e ,   t he   a m o u n t   of  h e a t   a p p l i e d   to   t h e   m a g n e t i c  

b e a r i n g   can  be  g r e a t l y   r e d u c e d .   As  t h e   m a g n e t i c   b e a r i n g  

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

be  r o t a t e d   f a s t e r   by  a  m a g n e t i c   b e a r i n g   t h a n   in  t he   c a s e  

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

b e a r i n g .   . 
L i k e   the   r o t a t i n g - a n o d e  X - r a y   t u b e   u s i n g   t h e  

m e c h a n i c a l   b e a r i n g ,   h o w e v e r ,   t h e   r o t a t i n g - a n o d e   X - r a y  
t u b e   u s i n g   t he   m a g n e t i c   b e a r i n g   has   i n e v i t a b l e  

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

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

p o s i t i o n   d e t e c t o r s   f o r   d e t e c t i n g   the   a x i a l   and  r a d i a l  

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

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

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

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

p u t s   may  g r e a t l y   be  i n f l u e n c e d   by  X - r a y s   or  o t h e r  

e l e c t r o m a g n e t i c   w a v e s .   A l s o ,   s a m a r i u m - c o b a l t   or  o t h e r  

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



d e t e r i o r a t e   i f   e x p o s e d   to  X - r a y s   or  o t h e r   e l e c t r o m a g n e -  

t i c   w a v e s .   T h u s ,   when  s u p p o r t i n g   the   r o t a t i n g   s h a f t   o f  

t h e   r o t a t i n g - a n o d e   X - r a y   t u b e   by  means   of  a  m a g n e t i c  

b e a r i n g   u s i n g   m a g n e t i c   s e n s o r s   and  r a r e - e a r t h   m a g n e t s ,  

X - r a y s   e m i t t e d   f rom  t h e   r o t a t i n g   anode   w i l l   be  s c a t t e r e d  

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

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

s e n s o r s   w i l l   be  a d v e r s e l y   a f f e c t e d ,   and  t h e   r a r e -  

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

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

s t a b i l i t y ,   t h a t   i s ,   to  r o t a t e   t he   r o t a t i n g   a n o d e  

s t a b l y .  

The  o b j e c t   of  t he   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  r o t a t i n g - a n o d e   X - r a y   t u b e   c a p a b l e   of  c h e c k i n g  

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

f r o m   t h e   r o t a t i n g   a n o d e   on  t h e   d r i v i n g   m e m b e r s   f o r  

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

r o t a t i o n   of  t he   r o t a t i n g   a n o d e .  

The  above   o b j e c t  m a y   be  a c h i e v e d   by  a  r o t a t i n g -  

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

on  one  end  h a v i n g   an  X - r a y   r a d i a t i n g   p o r t i o n   f o r  

r a d i a t i n g   X - r a y s ,   a  c a t h o d e   d i s p o s e d   on  one  e n d  

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

d i s p o s e d   c l o s e   to  t he   c a t h o d e   in  t he   h o u s i n g  

and  a d a p t e d   to  e m i t   X - r a y s   when  s t r u c k   by  t h e r m i o n s  

r a d i a t e d   f rom  the   c a t h o d ,   t h e   X - r a y   f rom  t h e  

r o t a t i n g   anode   b e i n g   r a d i a t e d   f rom  t he   h o u s i n g  

t h r o u g h   t he   X - r a y   r a d i a t i n g   p o r t i o n   t h e r e o f ,   d r i v i n g  

means   d i s p o s e d   in  t he   h o u s i n g   on  the   o t h e r   e n d  

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

s h i e l d i n g   means   f o r   d i v i d i n g   t he   i n s i d e   of  t h e  

h o u s i n g ' i n t o   a  f i r s t   c h a m b e r   c o n t a i n i n g   t h e  

r o t a t i n g   anode   and  a  s e c o n d   c h a m b e r   c o n t a i n i n g  

t h e   d r i v i n g   means  so  t h a t   the   s e c o n d   c h a m b e r   i s  

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

t h e   f i r s t   c h a m b e r .  

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



f rom  t h e   r o t a t i n g   a n o d e   may  be  i n t e r c e p t e d   by  t h e  

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

f r o m   b e i n g   h e a t e d   by  t h e   h e a t   f rom  t he   r o t a t i n g  

a n o d e ,   t h a t   i s ,   t he   a m o u n t   of  h e a t   f rom  t h e   d r i v i n g  
m e a n s   can  g r e a t l y   be  r e d u c e d .  

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

b e a r i n g   to   s u p p o r t   t h e   r o t a t i n g   s h a f t   of  t h e   r o t a t i n g  

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

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

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

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

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

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

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

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

X - r a y   t u b e   a c c o r d i n g   to   a  f i r s t   e m b o d i m e n t   of  t h e  

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

F i g .   2  i s   a  s e c t i o n a l   v i ew   t a k e n   a l o n g   l i n e  

I I - I I   of  F i g .   1 1 .  

F i g .   3  is  a  p a r t i a l   s e c t i o n a l   v iew  of  a  

r o t a t i n g - a n o d e   X - r a y   t u b e   a c c o r d i n g   to  a  s e c o n d  

e m b o d i m e n t   of  t he   i n v e n t i o n ;   a n d  

F i g .   4  is  a  p a r t i a l   s e c t i o n a l   v iew  of   a  

r o t a t i n g - a n o d e   X - r a y   t u b e   a c c o r d i n g   to  a  t h i r d  

e m b o d i m e n t   of  t h e   i n v e n t i o n .  

R e f e r r i n g   now  to  F i g s .   1  and  2,  t h e r e   is   s h o w n  

a  r o t a t i n g - a n o d e   X - r a y   t u b e   a c c o r d i n g   to   a  f i r s t  

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

a n o d e   X - r a y   t u b e   is  p r o v i d e d   w i t h   a  h o l l o w   c y l i n d r i c a l  

v a c u u m   h o u s i n g   10.  The  v a c u u m   o u s i n g   10  c o m p r i s e s  

f i r s t   and  s e c o n d   m e t a l l i c   s h e l l :   12  and  14  e a c h  

o p e n i n g   a t   one  end .   The  f i r s t   and  s e c o n d   s h e l l s  

12  and  14  a r e   a i r t i g h t l y   c o u p l e r   by  means   of  a  

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

p o r t i o n s   16  and  18  f o r m e d   on  t h e   r e s p e c t i v e   o p e n  
e n d s   of  t he   f i r s t   and  s e c o n d   s h e l l s   12  and  14  



a re   j o i n e d   t o g e t h e r .   An  e x h a u s t   t u b e   ( n o t   s h o w n  

in  F i g .   1)  is  c o n n e c t e d   to  t he   v a c u u m   h o u s i n g   1 0 .  

The  e x h a u s t   t u b e   is  c o n n e c t e d   t o ,   e . g . ,   a  v a c u u m  

pump,  and  is   s e a l e d   a f t e r   t he   vacuum  h o u s i n g   10 

is  e v a c u a t e d   to   a  p r e d e t e r m i n e d   d e g r e e   of  v a c u u m .  

In  t h i s   f i r s t   e m b o d i m e n t ,   t he   vacuum  h o u s i n g   10 

i s   made  of  m e t a l .   A l t e r n a t i v e l y ,   h o w e v e r ,   i t   may  
be  f o r m e d   of  g l a s s .  

I n s i d e   t h e   f i r s t   s h e l l   12  of  t h e   vacuum  h o u s i n g  

10,  a  c a t h o d e   22  h a v i n g   a  t u n g s t e n   c o i l   f i l a m e n t  

and  f o c u s i n g   e l e c t r o d e s   ( n o t   shown)   is   d i s p o s e d  

c l o s e   to  t he   p e r i p h e r a l   w a l l   of  t h e   f i r s t   s h e l l  

12.  The  c a t h o d e   22  i s   e l e c t r i c a l l y   c o n n e c t e d  

to   and  s u p p o r t e d   by  a  s t em  24.  The  s t e m   24 

f i r s t   e x t e n d s   i n w a r d   f rom  t h e   c a t h o d e   22  i n  

t h e   r a d i a l   d i r e c t i o n   of  t h e   f i r s t   s h e l l   12,  a n d  

is   t h e n   b e n t   to  e x t e n d   a l o n g   t h e   a x i s   of  the   f i r s t  

s h e l l   12.  The  u p p e r   end  of  t h e   s t e m   24  p e n e t r a t e s  

t h e   c l o s e d   end  w a l l   of  t he   f i r s t   s h e l l   12  in  a n  

a i r t i g h t   m a n n e r   to  e x t e n d   to  t h e   o u t s i d e .  

I n s i d e   t he   f i r s t   s h e l l   12,  m o r e o v e r ,   a  

r o t a t i n g   a n o d e   26  in  t he   form  of  a  f l a t ,   c i r c u l a r  

t r u n c a t e d   cone   is  d i s p o s e d   c o a x i a l l y   w i t h   the   f i r s t  

s h e l l   12  f a c i n g   the   c a t h o d e   22.  T h e  r o t a t i n g  

anode   26  is   f o r m e d   of  t u n g s t e n ,   and  t he   t a p e r e d  

p e r i p h e r a l   s u r f a c e   of  t he   r o t a t i n g   a n o d e   26  d e f i n e s  

wha t   is  c a l l e d   t he   t a r g e t   s u r f a c e   28  w h i c h   i s  

s t r u c k   by  t h e r m i o n s   e m i t t e d   f rom  t h e   c a t h o d e  

22.  The  a n g l e   b e t w e e n   t h e   t a r g e t   s u r f a c e   28  

of  t he   r o t a t i n g   anode   26  and  t h e   a x i s   of  t h e  

f i r s t   s h e l l   12  is  s e t   so  t h a t   X - r a y s   p r o d u c e d  

when  the   t h e r m i o n s   f rom  t he   c a t h o d e   s t r i k e   a g a i n s t  

the   t a r g e t   s u r f a c e   28  a re   r a d i a t e d   t h r o u g h   a  g l a s s  

X - r a y   window  30  w h i c h   is  a t t a c h e d   to   t he   p e r i p h e r a l  

w a l l   of  t he   f i r s t   s h e l l   1 2 .  

The  r o t a t i n g   anode   26  is  c o n n e c t e d   to  a  s u p p o r t i n g  

s h a f t   32  made  o f ,   e . g . ,   m o l y b d e n u m .   The  s u p p o r t i n g  



s h a f t   32,  w h i c h   i s   c o a x i a l   w i t h   t he   f i r s t   s h e l l  

12  or   t h e   v a c u u m   h o u s i n g   10,   e x t e n d s   i n t o   t h e  

s e c o n d   s h e l l   14  t h r o u g h   an  o p e n i n g   in  a  s h i e l d i n g  

w a l l   34  w h i c h   d i v i d e s   t h e   i n s i d e   s p a c e   of  t h e  

vacuum  h o u s i n g   10  in  t w o .  

The  s h i e l d i n g   w a l l   34  i s   f i t t e d   in  an  a n n u l a r  

g r o o v e   36  w h i c h   i s   d e f i n e d   by  a  p a i r   of  s t e p   p o r t i o n s  

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

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

s h e l l s   12  and  14.  T h u s ,   when  t h e   f i r s t   and  s e c o n d  

s h e l l s   12  and  14  a r e   c o u p l e d   t o g e t h e r   in  t h e   a f o r e s a i d  

m a n n e r ,   t h e   s h i e l d i n g   w a l l   34  i s   f i x e d   b e t w e e n   t h e  

f i r s t   and  s e c o n d   s h e l l s   12  and  14.   The  s h i e l d i n g  

w a l l   34  is   f o r m e d   of  a  h i g h l y   c o n d u c t i v e   m a t e r i a l  

w i t h   a  h i g h   t h e r m a l   r e f l e c t i o n   f a c t o r .   For   e x a m p l e ,  

t h e   s h i e l d i n g   w a l l   34  may  be  f o r m e d   by  a  c o a t i n g  

p l a t e   made  of   t u n g s t e n ,   m o l y b d e n u m   or   a n o t h e r  

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

m a t e r i a l .   The  s h i e l d i n g   w a l l   34  is   g r o u n d e d   t h r o u g h  

t h e   vacuum  h o u s i n g   10.   T h u s ,   t h e   r e s p e c t i v e   i n s i d e s  

of  t h e   f i r s t   and  s e c o n d   s h e l l s   1 2  a n d   14  a r e  

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

e a c h   o t h e r .  

The  s h a f t   32  of   t h e   r o t a t i n g   a n o d e   26  e x t e n d i n g  

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

c y l i n d e r   40  of  a  r o t a t i n g   m e c h a n i s m   3 8 .  

The  s e c o n d   s h e l l   14  w i l l   now  be  b r i e f l y   d e s c r i b e d .  

A  h o l l o w   i n t e r m e d i a t e   c y l i n d e r   p o r t i o n   14b  c o a x i a l  

w i t h   an  o u t e r   p e r i p h e r a l   w a l l   14a  of  t he   s e c o n d  

s h e l l   14  p r o t r u d e s   f rom  t h e   c l o s e d   end  w a l l   o f  

t h e   s e c o n d   s h e l l   14  t o w a r d   t h e   f i r s t   s h e l l   1 2 .  

A l s o ,   a  h o l l o w   i n n e r   c y l i n d e r   p o r t i o n   14c  c o a x i a l  

w i t h   t h e   i n t e r m e d i a t e   c y l i n d e r   p o r t i o n   14b  p r o t r u d e s  
i n w a r d   f rom  t h e   end  w a l l   of  t h e   i n t e r m e d i a t e   c y l i n d e r  

p o r t i o n   14b  n e a r   t h e   f i r s t   s h e l l   12.  T h u s ,   t h e  

s e c o n d   s h e l l   14  has   a  t r i p l e - w a l l   s t r u c t u r e ,   a s  
shown  in  F i g .   1 .  



The  r o t a t i n g   c y l i n d e r   40  is   in  t h e   fo rm  o f  

a  h o l l o w   c y l i n d e r   o p e n e d   a t   one  end ,   and  i s   c o n t a i n e d  

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

p e r i p h e r a l   w a l l   14a  and  the   i n t e r m e d i a t e   c y l i n d e r  

p o r t i o n   14b  of  t h e   s e c o n d   s h e l l   14,   a l l o w i n g   a  

r a d i a l   c l e a r a n c e   in  t he   s p a c e .   The  s h a f t   32  o f  

t h e   r o t a t i n g   a n o d e   26  is  s u p p o r t e d   on  t h e   e n d  

w a l l   of  t he   r o t a t i n g   c y l i n d e r   40  b e s i d e   t h e  

s h i e l d i n g   w a l l   34  by  means   of  an  e l e c t r i c   i n s u l a t i n g  

member   42,  a x i a l l y   e x t e n d i n g   in  t h e   i n n e r   c y l i n d e r  

p o r t i o n   14c .   Here   i t   is  to  be  n o t e d   t h a t   m e c h a n i c a l  

b e a r i n g s   44  of   a  c o n t a c t   t y p e   a r e   a r r a n g e d   a t   a n  

a x i a l   i n t e r v a l   on  t h e   i n n e r   p e r i p h e r a l   s u r f a c e   o f  

t h e   i n n e r   c y l i n d e r   p o r t i o n   14c .   The  b e a r i n g s   4 4 ,  

w h i c h   a re   no t   in  c o n t a c t   w i t h   t he   s u p p o r t i n g   s h a f t  

32  in  t he   n o r m a l   o p e r a t i n g   s t a t e ,   s e r v e   to   s u p p o r t  
t h e   s u p p o r t i n g   s h a f t   32  i n  c a s e   of  an  e m e r g e n c y .  

A  c o n t a c t   p i n   90  p r o t r u d e s   d o w n w a r d   f rom  t h e  

l o w e r   end  ( F i g .   1)  of  the   s u p p o r t i n g   s h a f t   3 2 .  

A  c o n t a c t   p l a t e   92  w h i c h   c o o p e r a t e s   w i t h   t he   c o n t a c t  

p i n   90  is  d i s p o s e d   i n s i d e   the   i n n e r   c y l i n d e r   p o r t i o n  

14c ,   a x i a l l y   s p a c e d   f rom  t he   c o n t a c t   p i n   90.  T h e  

c o n t a c t   p l a t e   92  is   e l e c t r i c a l l y   c o n n e c t e d   to   a  

c o n d u c t i v e   rod   94  w h i c h   p e n e t r a t e s   t h e   b o t t o m   w a l l  

of  t h e   i n n e r   c y l i n d e r   p o r t i o n   14c  in  an  a i r t i g h t  

m a n n e r .   The  c o n d u c t i v e   rod  94  and  t h e   s t e m   24  o f  

t h e   c a t h o d e   22  a r e   e l e c t r i c a l l y   c o n n e c t e d   to   a  p o w e r  

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

t h e   r o t a t i n g   a n o d e   26  and  the   c a t h o d e   2 2 .  

The  s e c o n d   s h e l l   14  is  c o v e r e d   by  an  o u t e r  

h o u s i n g   p o r t i o n   50  of  t he   r o t a t i n g   m e c h a n i s m   38 

w i t h   a n  a n n u l a r   gap  b e t w e e n   t hem.   A  s t a t o r   54 

of  an  i n d u c t i o n   m o t o r   52  i s   a t t a c h e d   to   t h e   i n s i d e  

of  t he   p e r i p h e r a l   w a l l   of  t he   o u t e r   h o u s i n g   p o r t i o n  

50.  The  a r m a t u r e   c o i l   of  t he   s t a t o r   54  i s  

e l e c t r i c a l l y   c o n n e c t e d   to  a  power   s o u r c e   ( n o t   s h o w n )  

to   d r i v e   a  m o t o r .   A  r o t o r   56  of  t h e   m o t o r   52  i s  



f i x e d   to   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 he   r o t a t i n g  

c y l i n d e r   40  so  as  to  f a c e   t h e   s t a t o r   5 4 .  

The  r o t a t i n g   c y l i n d e r   40,   w h i c h   is  c o n t a i n e d  

in  t h e   a n n u l a r   s p a c e   b e t w e e n   t h e   o u t e r   p e r i p h e r a l  

w a l l   14a  and  t h e   i n t e r m e d i a t e   c y l i n d e r   p o r t i o n   1 4 b  

of   t h e   s e c o n d   s h e l l   14  w i t h   t h e   r a d i a l   c l e a r a n c e ,  

as  s t a t e d   b e f o r e ,   i s   s u p p o r t e d   in   t h e   r a d i a l  

d i r e c t i o n   by  a  m a g n e t i c   b e a r i n g   60  so  t h a t   i t  

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

w a l l   14a  of  t h e   s e c o n d   s h e l l   14  n o r   w i t h   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   i n t e r m e d i a t e  

c y l i n d e r   p o r t i o n   14b .   The  r o t a t i n g   c y l i n d e r   40  

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

The  m a g n e t i c   b e a r i n g   60  i s   p r o v i d e d   w i t h   a  

yoke   62  w h i c h   i s   f i t t e d   in  a  s p a c e  d e f i n e d   b e t w e e n  

t h e   i n n e r   p e r i p h e r a l   s u r f a c 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   p o r t i o n   14b  and  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   i n n e r   c y l i n d e r   p o r t i o n   1 4 c .   The  yoke   62  

i s   made  o f ,   e . g . ,   a  m a g n e t i c   m a t e r i a l ,   and ,   g e n e r a l l y ,  
i s   in  t he   form  of  a  h o l l o w   c y l i n d e r   w h i c h   i s   f o rmed   b y  

j o i n i n g   r i n g s   w i t h   an  i n s i d e   d i a m e t e r   e q u a l   to  t h e  

o u t s i d e   d i a m e t e r   of  t h e   i n n e r   c y l i n d e r   p o r t i o n   1 4 c .  

F o u r   m a g n e t i c   p o l e s   64a ,   64b,   64c  and  64d,   and  6 6 a ,  

6 6 b ,   66c  and  66d  p r o t r u d e   r a d i a l l y   o u t w a r d   f r o m  

e a c h   of  t he   u p p e r   and  l o w e r   end  p o r t i o n s   ( F i g .   1 )  

of  t h e   yoke   62,  r e s p e c t i v e l y .   F i g .   2  shows  t h e  

m a g n e t i c   p o l e s   64a  to   64d  a t   t h e   u p p e r   end  of  t h e  

y o k e   62.  S i n c e   t he   m a g n e t i c   p o l e s   a t   t h e   u p p e r  
and  l o w e r   ends   of  t h e   yoke  62  h a v e   t h e   s a m e  

c o n s t r u c t i o n ,   o n l y   t h e   u p p e r   m a g n e t i c   p o l e s   64a  t o  

64d  w i l l   be  d e s c r i b e d   in  d e t a i l .   The  m a g n e t i c  

p o l e s   64a  to  64d  a r e   a r r a n g e d   a t   r e c t a n g u l a r  

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

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

of  t h e   two  o p p o s i t e   m a g n e t i c   p o l e s  6 4 a   and  6 4 c  

or   b e t w e e n   t h o s e   of  t h e   o t h e r   two  m a g n e t i c  

p o l e s   64b  and  64d  is   e q u a l   to  t h e   i n s i d e   d i a m e t e r  



of  the   i n t e r m e d i a t e   c y l i n d e r   14b.   C o n d u c t i v e  

c o i l s   80  a r e   i n d i v i d u a l l y   wound  a r o u n d   the   m a g n e t i c  

p o l e s   64a  to   6 4 d .  

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

p o l e   68  is  f o r m e d   on  the   c e n t r a l   p o r t i o n   of  t h e  

yoke   62  b e t w e e n   t h e   m a g n e t i c   p o l e s   64  and  66  a t  

t h e   u p p e r   and  l o w e r   e n d s .   The  o u t s i d e   d i a m e t e r  

of  t h e   m a g n e t i c   p o l e   68  is   e q u a l   to   t h e   i n s i d e   d i a m e t e r  

of  t he   i n t e r m e d i a t e   c y l i n d e r   p o r i t o n   14b.   A  p a i r  

of  r i n g - s h a p e d   c o n d u c t i v e   c o i l s   70a  and  70b  i s  

wound  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  

yoke   62  so  as  to  h o l d   t he   m a g n e t i c   p o l e   68  b e t w e e n  

t h e   two  c o i l s   70a  and  70b  a l o n g   t h e   a x i a l   d i r e c t i o n  

of  the   yoke   62.  The  c o n d u c t i v e   c o i l s   80,  70a  a n d  

70b  a r e   e l e c t r i c a l l y   c o n n e c t e d   to  a  p o w e r   s o u r c e  

( n o t   s h o w n ) .  

R i n g - s h a p e d   p e r m a n e n t   m a g n e t s   72  and  74  a r e  

f i x e d   on  t he   yoke   62  l o c a t e d   b e t w e e n   t h e   m a g n e t i c  

p o l e s   64  and  68,  and  b e t w e e n   t h e   m a g n e t i c   p o l e s   68  

and  66,  r e s p e c t i v e l y .   The  p e r m a n e n t   m a g n e t s   7 2  

and  74  a r e   m a g n e t i z e d   in  t he   r a d i a l   d i r e c t i o n .  

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

s u r f a c e   of  t he   i n t e r m e d i a t e   c y l i n d e r   p o r t i o n   1 4 b ,  

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

p o l e s   64  and  t h e   c o n d u c t i v e   c o i l   7 0 a ,   and  b e t w e e n  

t he   c o n d u c t i v e   c o i l   70b  and  t h e   m a g n e t i c   p o l e s   6 6 ,  

i n d i v i d u a l l y .   L a m i n a t e d   m a g n e t i c   r i n g s   76  and  78  

w i t h   h i g h   p e r m e a b i l i t y   a r e   f i x e d l y   f i t t e d   in  t h e  

a n n u l a r   g r o o v e s ,   i n d i v i d u a l l y .  

A  p l u r a l i t y   of  d i s p l a c e m e n t   s e n s o r s   82  f o r  

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

c y l i n d e r   40  is  f i x e d   to  t he   i n s i d e   of  t he   p e r i p h e r a l  

w a l l   of  t h e   o u t e r   h o u s i n g   p o r t i o n   50,   f a c i n g   t h e  

m a g n e t i c   p o l e s   64a  to  64d  and  66a  to  66d.   F o r  

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

s e n s o r s   82  w h i c h   c o n v e r t   t he   r a d i a l   d i s p l a c e m e n t   o f  

t he   r o t a t i n g   c y l i n d e r   40  i n t o   a  q u a n t i t y   of  e l e c t r i c i t y .  



A l s o ,   a  p l u r a l i t y   of  m a g n e t i c   s e n s o r s   84  s i m i l a r  

t o   t h e   s e n s o r s   82  and  a d a p t e d   to  d e t e c t   t h e   a x i a l  

d i s p l a c e m e n t   of  t he   r o t a t i n g   c y l i n d e r   40  i s   f i x e d   to  t h e  

l o w e r   p o r t i o n   ( F i g .   1)  of  t he   i n n e r   p e r i p h e r a l   s u r f a c e  
o f * t h e   o u t e r   h o u s i n g   p o r t i o n   50.   The  o u t p u t   ends   of  t h e  

m a g n e t i c   s e n s o r s   82  and  84  a r e   e l e c t r i c a l l y   c o n n e c t e d   t o  

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

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

d u c t i v e   c o i l s   80,  70a  and  70b.   The  s t a b i l i z a t i o n  

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

t h e   c o n d u c t i v e   c o i l s   80,   70a  and  7 0 b .  

A c c o r d i n g   to   t h e   m a g n e t i c   b e a r i n g   60  d e s c r i b e d  

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

m a g n e t   72  fo rm  a  m a g n e t i c   c i r c u i t   Ml  w h i c h   c o r r e s p o n d s  

to   a  l o o p   c o n n e c t i n g   t he   p e r m a n e n t   m a g n e t   72,   t h e  

m a g n e t i c   r i n g   76,   t h e   m a g n e t i c   p o l e s   64,  and  t h e   y o k e  

62;   and  a  m a g n e t i c   c i r c u i t   M2  w h i c h   c o r r e s p o n d s   to   a  

l o o p   c o n n e c t i n g   t h e   p e r m a n e n t   m a g n e t   72,   t h e   m a g n e t i c  

r i n g   76,   t h e   m a g n e t i c   p o l e   68,  and  t h e   y o k e   6 2 .  

L i k e w i s e ,   m a g n e t i c   f l u x e s   d e l i v e r e d   f r o m   t h e   o t h e r  

p e r m a n e n t   m a g n e t   74  fo rm  a  m a g n e t i c   c i r c u i t   M3  w h i c h  

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

74 ,   t h e   m a g n e t i c   r i n g   78,  t he   m a g n e t i c   p o l e   68,  and  t h e  

y o k e   62;  and  a  m a g n e t i c   c i r c u i t   M4  w h i c h   c o r r e s p o n d s   t o  

a  l o o p   c o n n e c t i n g   t h e   p e r m a n e n t   m a g n e t   74 ,   t h e   m a g n e t i c  

r i n g   78,   t h e   m a g n e t i c   p o l e s   66,   and  t h e   y o k e   62.  I n  

F i g .   1,  m a g n e t i c   c i r c u i t s   Ml  t o   M4  a r e   shown  by  b r o k e n  

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

o n l y   on  t h e   r i g h t   s i d e   in  t h e   f i g u r e   f o r   c o n v e n i e n c e ' s  

s a k e .   T h u s ,   t h e   r o t a t i n g   c y l i n d e r   40  i s   s u p p o r t e d  

u n c o n t a c t e d   in  b o t h   r a d i a l   and  a x i a l   d i r e c t i o n s   by  t h e  

m a g n e t i c   f o r c e s   of  t h e   m a g n e t i c   c i r c u i t s   Ml  to   M4  of  t h e  

m a g n e t i c   b e a r i n g   60  c o n t r o l l e d   by  a d j u s t i n g   t h e   c u r r e n t  

s u p p l i e d   to  t h e   c o n d u c t i v e   c o i l s   80,   70a  and  70b.   I f  

t h e   s t a t o r   54  of  t h e   m o t o r   52  i s   e n e r g i z e d   in  t h i s  

s t a t e ,   t he   r o t o r   56  of  t h e   m o t o r   52  o r   t h e   r o t a t i n g  

c y l i n d e r   40  i s   r o t a t e d   u n c o n t a c t e d   in  t h e   r a d i a l   a n d  



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

I f   t he   r a d i a l   p o s i t i o n   of  the   r o t a t i n g   c y l i n d e r  

40  i s   s h i f t e d ,   t h a t   i s ,   i f   t he   a x i s   of  t he   r o t a t i n g  

c y l i n d e r   40  is  d e v i a t e d   f rom  t h a t   of  t he   vacuum  h o u s i n g  

10  by  any  e x t e r n a l   f o r c e   or  o t h e r   f a c t o r   w h i l e   t h e  

r o t a t i n g   c y l i n d e r   40  i s   b e i n g   r o t a t e d   in  t h e   u n c o n t a c t e d  

s t a t e ,   t h e   m a g n e t i c   s e n s o r s   82  can  d e t e c t   t h e   r a d i a l  

d i s p l a c e m e n t   of  t h e   r o t a t i n g   c y l i n d e r   40.  T h u s ,   t h e  

r a d i a l   d e v i a t i o n   of  t h e   r o t a t i n g   c y l i n d e r   40  can  b e  

c o r r e c t e d   to  a l i g n   t h e   a x i s   of  the   r o t a t i n g   c y l i n d e r   40 

w i t h   t h a t   of  the   vacuum  h o u s i n g   10  by  c o n t r o l l i n g   t h e  

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

80  on  t h e   m a g n e t i c   p o l e s   64  and  66  to  p r o p e r l y   v a r y   t h e  

m a g n e t i c   f o r c e s   of  t h e   m a g n e t i c   c i r c u i t s   Ml  and  M4  o f  

t he   m a g n e t i c   b e a r i n g   60  by  means   of  t he   s t a b i l i z a t i o n  

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

t h e   m a g n e t i c   s e n s o r s   82.  In  c o n s e q u e n c e ,   t h e  r o t a t i n g  

c y l i n d e r   40  can  s t a b l y   be  s u p p o r t e d   u n c o n t a c t e d   in  t h e  

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

W h i l e   the   r o t a t i n g   c y l i n d e r   40  is  b e i n g   r o t a t e d  

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

i t   can  be  moved  downward   ( F i g .   1)  by  t he   f o r c e   o f  

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

c o n d u c t i v e   c o i l s   70a  and  70b  of  the   m a g n e t i c   b e a r i n g  

60  w h i c h   in  t u r n   v a r i e s   t h e   m a g n e t i c   f o r c e s   f rom  t h e  

m a g n e t i c   c i r c u i t s   M2  and  M3,  t h a t   i s ,   by  i n c r e a s i n g  

t h e   m a g n e t i c   f o r c e   of  t h e   m a g n e t i c   c i r c u i t   M3.  As  

a  r e s u l t ,   the   s u p p o r t i n g   s h a f t   32  of  t h e  r o t a t i n g  

a n o d e   26  s u p p o r t e d   by  t h e   r o t a t i n g   c y l i n d e r   40  i s  

a l s o   moved  d o w n w a r d ,   so  t h a t   t h e   c o n t a c t   p i n   90  o f  

the   s u p p o r t i n g   s h a f t   32  a b u t s   a g a i n s t   t he   c o n t a c t  

p l a t e   9'2  to  be  e l e c t r i c a l l y   c o n n e c t e d   t h e r e w i t h .  

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

d i f f e r e n c e   is  c a u s e d   b e t w e e n   t he   c a t h o d e   22  and  t h e  

r o t a t i n g   anode   26,  so  t h a t   t h e r m i o n s   e m i t t e d   f r o m  

t h e   f i l a m e n t   of  the   c a t h o d e   22  a r e   a c c e l e r a t e d   t o  

s t r i k e   a g a i n s t   the   t a r g e t   s u r f a c e   28  of  t h e   r o t a t i n g  



a n o d e   26.   As  a  c o n s e q u e n c e ,   X - r a y s   p r o d u c e d   by  t h e  

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

t a r g e t   s u r f a c e   28  of  t he   r o t a t i n g   a n o d e   26  t o w a r d  

t h e   X - r a y   w indow  30  of  t he   f i r s t   s h e l l   12,  a n d  

a r e   d i s c h a r g e d   to   t he   o u t s i d e   t h r o u g h   t he   X - r a y  

window  3 0 .  

The  m a g n e t i c   s e n s o r s   84  can   d e t e c t   t h e   a x i a l  

d i s p l a c e m e n t   of  t h e   r o t a t i n g   c y l i n d e r   40  f rom  t h e  

p o s i t i o n   w h e r e   t h e   c o n t a c t   p i n   90  and  t h e   c o n t a c t  

p l a t e   92  a r e   e l e c t r i c a l l y   c o n n e c t e d .   The  a x i a l  

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

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

c o i l s   70a  and   70b  in  a c c o r d a n c e   w i t h   the   o u t p u t  

s i g n a l s   f r o m   t h e   m a g n e t i c   s e n s o r s   84.  T h u s ,   t h e  

e l e c t r i c a l   c o n n e c t i o n   b e t w e e n   t h e   c o n t a c t   p i n   90 

and  t h e   c o n t a c t   p l a t e   92  is  p r e v e n t e d   f rom  b e i n g  

u n e x p e c t e d l y   c u t   o f f .   A l s o ,   t h e   c o n t a c t   p i n   90 

is   p r e v e n t e d   f rom  b e i n g   u n d u l y   p r e s s e d   a g a i n s t   t h e  

c o n t a c t   p l a t e   92  w i t h   e x c e s s i v e   f o r c e .   Here   i t  

is   to  be  n o t e d   t h a t   t he   c o n n e c t i o n   or  d i s c o n n e c t i o n  

b e t w e e n   t h e   c o n t a c t   p i n   90  and  t h e   c o n t a c t   p l a t e   92  

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

t h e   c o n d u c t i v e   c o i l s   70a  and  7 0 b .  

In   t h e   X - r a y   t u b e   a c c o r d i n g   to   t h e   f i r s t  

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

r o t a t i n g   c y l i n d e r   40  by  t he   m a g n e t i c   b e a r i n g   60  

w i l l   n e v e r   be  a d v e r s e l y   a f f e c t e d   by  h e a t   or  X - r a y s  

r a d i a t e d   f r o m   t h e   r o t a t i n g   a n o d e   26.   P a r t   o f  

t h e   X - r a y s   e m i t t e d   f rom  t h e   t a r g e t   s u r f a c e   28  

o f  t h e   r o t a t i n g   a n o d e   26  a r e   n o r m a l l y   s c a t t e r e d  

w i t h i n   t h e   f i r s t   s h e l l   12  w i t h o u t   b e i n g   r a d i a t e d  

t h r o u g h   t h e   X - r a y   window  30.  H o w e v e r ,   s i n c e   t h e  

f i r s t   and  s e c o n d   s h e l l   12  and  14  a r e   d i v i d e d  

by  t h e   c o n d u c t i v e   s h e i l d i n g   w a l l   34,   the   s c a t t e r e d  

X - r a y s   m o v i n g   f rom  the   f i r s t   s h e l l   12  i n t o   t h e  

s e c o n d   s h e l l   14  can  e f f e c t i v e l y   be  a b s o r b e d   b y  

t h e   s h i e l d i n g   w a l l   34.  A c c o r d i n g l y ,   t he   m a g n e t i c  



s e n s o r s   82  and  84  of  t h e   m a g n e t i c   b e a r i n g   60 

w i l l   n e v e r   be  e x p o s e d   to   X - r a y s ,   and  so  t h e i r  

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

of  X - r a y s .   T h u s ,   t he   r o t a t i n g   c y l i n d e r   40  can   s t a b l y  

be  s u p p o r t e d   in  t he   r a d i a l   and  a x i a l   d i r e c t i o n s  

by  the   m a g n e t i c   b e a r i n g   6 0 .  

S i n c e   t h e   s h i e l d i n g   w a l l   34  i s   c o a t e d   w i t h   a  

m a t e r i a l   w i t h   a  h i g h   t h e r m a l   r e f l e c t i o n   f a c t o r ,   t h e  

h e a t   r a d i a t e d   f rom  t h e   r o t a t i n g   a n o d e   26  is   i n t e r c e p t e d  

by  the   s h i e l d i n g   w a l l   34.  In  o t h e r   w o r d s ,   t h e  

s h i e l d i n g   w a l l   34  can  r e s t r a i n   t h e   m a g n e t i c   b e a r i n g  

60  in  t he   s e c o n d   s h e l l   14  f rom  b e i n g   h e a t e d   by  t h e  

h e a t   r a d i a t e d   f rom  t he   r o t a t i n g   a n o d e   26,  so  t h a t   t h e  

i n c r e a s e   of  t h e   t e m p e r a t u r e   of  t he   m a g n e t i c   b e a r i n g  

60  can  be  m i n i m i z e d   to  r e d u c e   t h e   h e a t   l o a d   on  t h e  

m a g n e t i c   b e a r i n g   6 0 .  

The  p r e s e n t   i n v e n t i o n   is  no t   l i m i t e d   to   t h e  

f i r s t   e m b o d i m e n t   d e s c r i b e d   a b o v e .   R e f e r r i n g   now 

to  F i g s .   3  and  4,  t h e r e   a r e   shown  s e c o n d   and  t h i r d  

e m b o d i m e n t s   of  t he   i n v e n t i o n .   In  t h e   s e c o n d   e m b o d i m e n t  

shown  in  F i g .   3,  one  of  t he   m e c h a n i c a l   b e a r i n g s   44 

is   a t t a c h e d   to  t he   s h i e l d i n g   w a l l   34.  By  d o i n g   t h i s ,  

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

32  can  be  s h o r t e n e d   w i t h o u t   c h a n g i n g   t h e   a x i a l  

d i s t a n c e   b e t w e e n   the   two  m e c h a n i c a l   b e a r i n g s   4 4 .  

In  o t h e r   w o r d s ,   t he   s u p p o r t i n g   s h a f t   32  can  m o r e  

s e c u r e l y   be  s u p p o r t e d   in  an  e m e r g e n c y ,   and  b e s i d e s ,  

t he   i n n e r   c y l i n d e r   p o r t i o n   14c  can  be  a x i a l l y  

s h o r t e n e d   due  to  t he   r e d u c t i o n   in  s i z e   of  t h e  

s u p p o r t i n g   s h a f t   32.  T h u s ,   t he   i n n e r   c y l i n d e r   p o r t i o n  

14c  p l a c e s   no  r e s t r i c t i o n s   on  t he   i n s i d e   d i a m e t e r  

of  the   yoke   62.  If   t he   a r e a   of  t h e   yoke   62  w h i c h  

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

is   r e g a r d e d   as  f i x e d ,   t he   i n s i d e   and  o u t s i d e  

d i a m e t e r s   of  t he   yoke  62,  and  h e n c e   t h e   d i a m e t e r  

of  the   w h o l e   X - r a y   t u b e ,   can  be  made  s m a l l e r   t h a n  

t h o s e   of  t he   yoke   shown  in  F i g .   1 .  



In  t h e   t h i r d   e m b o d i m e n t   shown  in  F i g .   4,  a  

c o o l a n t   p a s s a g e   100  i s   d e f i n e d   in  t h e   s h i e l d i n g   w a l l  

34.   The  c o o l a n t   p a s s a g e   100  is   an  a n n u l a r   p a s s a g e  
w h i c h   i s   a x i a l l y   d i v i d e d   i n t o   two  p a r t s ,   i . e . ,   u p p e r  
and  l o w e r   a n n u l a r   p a s s a g e   p o r t i o n s   104  and  1 0 6 ,  

by  a  p a r t i t i o n   w a l l   102 .   An  a n n u l a r   c o m m u n i c a t i o n  

h o l e   108  c o n n e c t i n g   t h e   u p p e r   and  l o w e r   p a s s a g e  

p o r t i o n s   104  and  106  i s   f o r m e d   a l o n g   t h e   i n n e r  

p e r i p h e r a l   edge   of  t h e   p a r t i t i o n   w a l l   102 .   I n l e t  

p o r t s   110  and  o u t l e t   p o r t s   112  f o r   a  c o o l a n t  

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

t h e   o u t e r   p e r i p h e r a l   e d g e   of  t h e   s h i e l d i n g   w a l l   3 4 .  
As  s e e n   f rom  F i g .   4,  t he   f i r s t   and  s e c o n d   s h e l l  

12  and  14  a r e   c o u p l e d   n o t   d i r e c t l y ,   b u t   w i t h   t h e  

s h i e l d i n g   w a l l   34  a i r t i g h t l y   s a n d w i c h e d   b e t w e e n   t h e m .  

Fo r   e x a m p l e ,   w a t e r   or   o i l   may  be  u s e d   f o r   t h e  

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

t h e   s h i e l d i n g   w a l l   34  can   e f f e c t i v e l y   be  c o o l e d   b y  

c i r c u l a t i n g   t h e   c o o l a n t   t h r o u g h   t h e   p a s s a g e   1 0 0 ,  

so  t h a t   t h e   h e a t  t r a n s f e r r e d   f rom  t h e   f i r s t   s h e l l  

12  to   t h e   i n s i d e   of  t h e   s e c o n d   s h e l l   14  can   b e  

more   e f f e c t i v e l y   r e d u c e d .   In  t h e   t h i r d   e m b o d i m e n t ,  

m o r e o v e r ,   i f   t h e   s h i e l d i n g   w a l l   34  is   f o r m e d  

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

and  h e a t   c o n d u c t i v i t y ,   t he   t e m p e r a t u r e   of  t h e  

a r e a   a r o u n d   t h e   r o t a t i n g   a n o d e   26  can  be  l o w e r e d ,  

so  t h a t   t h e   h e a t   l o a d   on  t h e   r o t a t i n g   a n o d e   26  

can   be  r e d u c e d .  

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

w a l l   34  has   b o t h   t h e r m a l   and  e l e c t r o m a g n e t i c   s c r e e n i n g  

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

of   t h e   m a g n e t i c   b e a r i n g   60,  h o w e v e r ,   t h e   s h i e l d i n g  

w a l l   34  n e e d   have   o n l y   t he   t h e r m a l   s h i e l d i n g  

f u n c t i o n .  



1.  A  r o t a t i n g - a n o d e   X - r a y   t u b e   c o m p r i s i n g  

a  h o u s i n g   (10)  p r o v i d e d   a t   one  end  s i d e   t h e r e o f   w i t h  

an  X - r a y   r a d i a t i n g   p o r t i o n   (30)  f o r   r a d i a t i n g   X - r a y s ,  

a  c a t h o d e   (22)  d i s p o s e d   in  the   h o u s i n g   on  one  end  s i d e  

t h e r e o f ,   a  r o t a t i n g   a n o d e   (26)  r o t a t a b l y   d i s p o s e d   c l o s e  

to  t he   c a t h o d e   in  t h e   h o u s i n g   and  a d a p t e d   to  e m i t  

X - r a y s   when  s t r u c k   by  t h e r m i o n s   r a d i a t e d   f rom  t h e  

c a t h o d e ,   the   X - r a y s   f rom  t he   r o t a t i n g   a n o d e   b e i n g  

r a d i a t e d   f rom  t h e   h o u s i n g   t h r o u g h   t h e   X - r a y   r a d i a t i n g  

p o r t i o n   t h e r e o f ,   and  d r i v i n g   means   d i s p o s e d   in  t h e  

h o u s i n g   on  t he   o t h e r   end  s i d e   t h e r e o f ,   w h e r e b y   t h e  

r o t a t i n g   anode   is   r o t a t e d ,  

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

means   (34)  f o r   d i v i d i n g   t h e   i n s i d e   s p a c e   of  t he   h o u s i n g  

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

r o t a t i n g   anode   and  a  s e c o n d   c h a m b e r   c o n t a i n i n g   t h e  

d r i v i n g   means   so  t h a t   t h e   f i r s t   c h a m b e r   i s   t h e r m a l l y  

a n d / o r   e l e c t r o m a g n e t i c a l l y   s h i e l d e d   f rom  the   s e c o n d  

c h a m b e r .  

2.  The  r o t a t i n g - a n o d e   X - r a y   t u b e   a c c o r d i n g  

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

i n c l u d e s   a  r o t a t i n g   s h a f t   (40)  s u p p o r t i n g   t he   r o t a t i n g  

a n o d e ,   an  e l e c t r i c   m o t o r   (52)  u n i t   f o r   r o t a t i n g   t h e  

r o t a t i n g   s h a f t ,   and  a  m a g n e t i c   b e a r i n g   (60)  f o r   s u p -  

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

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

3.  The  r o t a t i n g - a n o d e   X - r a y   t u b e   a c c o r d i n g  

to  c l a i m   2,  c h a r a c t e r i z e d   in  t h a t   t h e   s h i e l d i n g   m e a n s  

i n c l u d e s   a  s h i e l d i n g   w a l l  - { 3 4 )   f o r m e d   of  a  m a t e r i a l   w i t h  

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

a d a p t e d   to  d i v i d e   t he   i n s i d e   s p a c e   of  t he   h o u s i n g   i n t o   a  

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

anode   and  a  s e c o n d   c h a m b e r   c o n t a i n i n g   t h e   m a g n e t i c  

b e a r i n g   f o r   t he   r o t a t i n g   s h a f t ,   w h e r e b y   h e a t  

r a d i a t e d   f rom  the   r o t a t i n g   anode   is  p r e v e n t e d   f r o m  



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

c h a m b e r .  

4.  The  r o t a t i n g - a n o d e   X - r a y   t u b e   a c c o r d i n g  

t o  c l a i m   2,  c h a r a c t e r i z e d   in  t h a t   t h e   s h i e l d i n g   m e a n s  

i n c l u d e s   a  s h i e l d i n g   w a l l   (34)   h a v i n g   a  h e a t   r e f l e c t i n g  

s u r f a c e   on  t h e   f i r s t   c h a m b e r   s i d e   and  a d a p t e d   to   d i v i d e  

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

c h a m b e r   c o n t a i n i n g   t h e   c a t h o d e   and  t h e   r o t a t i n g   a n o d e  

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

f o r   t he   r o t a t i n g   s h a f t ,   w h e r e b y   h e a t   r a d i a t e d   f r o m  

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

to   t h e   i n t e r i o r   of  t he   s e c o n d   c h a m b e r .  

5.  The  r o t a t i n g - a n o d e   X - r a y   t u b e   a c c o r d i n g  

to  c l a i m   4,  c h a r a c t e r i z e d   in  t h a t   t h e   s h i e l d i n g   w a l l  

(34)   i s   f o r m e d   of   a  m a t e r i a l   w i t h   a  h i g h   t h e r m a l  

r e f l e c t i o n   f a c t o r .  

6.  The  r o t a t i n g - a n o d e   X - r a y   t u b e   a c c o r d i n g  

to   c l a i m   4,  c h a r a c t e r i z e d   in  t h a t   t h e   s u r f a c e   of  t h e  

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

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

7.  The  r o t a t i n g - a n o d e   X - r a y   t u b e   a c c o r d i n g  

to   c l a i m   3,  c h a r a c t e r i z e d   in  t h a t   a  c o o l a n t   p a s s a g e  
( 1 0 0 )   f o r   c i r c u l a t i n g   a  r e f r i g e r a n t   t h e r e i n   is  d e f i n e d  

in  t h e   s h i e l d i n g   w a l l .  

8.  The  r o t a t i n g - a n o d e   X - r a y   t u b e   a c c o r d i n g  

to   c l a i m   2,  c h a r a c t e r i z e d   in  t h a t   t h e   s h i e l d i n g   m e a n s  

i n c l u d e s   a  c o n d u c t i v e   s h i e l d i n g   w a l l   (34)  f o r   d i v i d i n g  

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

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

c o n t a i n i n g   t h e   m a g n e t i c   b e a r i n g   f o r   t h e   r o t a t i n g   s h a f t ,  

w h e r e b y   X - r a y s   e m i t t e d   f rom  t h e   r o t a t i n g   a n o d e   a r e  

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

9.  The  r o t a t i n g - a n o d e   X - r a y   t u b e   a c c o r d i n g  

to   c l a i m   8,  c h a r a c t e r i z e d   in  t h a t   t h e   s h i e l d i n g   w a l l  

(34)   is   f o r m e d   by  c o a t i n g   a t   l e a s t   t h a t   s u r f a c e   of  a  

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

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



r e f l e c t i o n   f a c t o r .  

10.  The  r o t a t i n g - a n o d e   X - r a y   t u b e   a c c o r d i n g  

to  c l a i m   2,  c h a r a c t e r i z e d   in  t h a t   t he   h o u s i n g   i s  

p r o v i d e d   w i t h   a  p a i r   of  c o n t a c t - t y p e   b e a r i n g s   (44)  f o r  

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

of  an  e m e r g e n c y .  

11.   The  r o t a t i n g - a n o d e   X - r a y   t u b e   a c c o r d i n g  

to   c l a i m   2,  c h a r a c t e r i z e d   in  t h a t   t h e   h o u s i n g   and  t h e  

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

b e a r i n g   (44)  f o r   m e c h a n i c a l l y   s u p p o r t i n g   t he   r o t a t i n g  

c y l i n d e r   in  an  e m e r g e n c y .  
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