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@)  Rotating  anode  X-raytube. 

An  x-ray  tube  comprises  a  generally  cylindrical  evac- 
uated  metal  tube  envelope  (410)  having  an  anode  (451) 
rotatably  mounted  therein.  The  tube  envelope  wall  (525) 
includes  ferrous  segments  (526a-526f)  which  minimize  the 
gap  in  the  magnetic  coupling  while  permitting  a  thick  and 
strong  tube  envelope  wall.  Drive  means  (230)  includes  a  DC 
stator  (240)  external  of  the  tube  envelope  acting  on  an 
internal  rotor  (235)  mounted  to  rotate  with  the  anode.  Anode 
drive  means  also  includes  a  DC  stator  (480)  operating  on  a 
rotor  (471)  having  encapsulated  rare  earth  magnets 
(472a-472h),  and  an  AC  stator  (570)  operating  on  a  squirrel 
cage  rotor  (550)  through  a  laminated  segmented  tube  wall 
(525). 



BACKGROUND  OF  THE  INVENTION 

This  invent ion   r e l a t e s   to  improved  x-ray  tubes  in  general   and  more 

p a r t i c u l a r l y   to  x-ray  tubes  with  e f f i c i e n t   r o t a t i o n   drives  for  the  anode,  
and  with  a  compact  metal  tube  enve lope .  

Present  r o t a t i n g   anode  x-ray  tubes  have  a  cathode  cons i s t ing   of  one 

or  two  f i laments   with  corresponding  focus  cups,  and  a  r o t a t i n g   anode 

assembly.  These  are  mounted  ins ide   an  a l l   glass  or  a  m e t a l / g l a s s  

evacuated  tube  envelope  and  the  envelope  is  mounted  ins ide   an  x-ray  t u b e  

housing.  The  housing  is  f i l l e d   with  i n s u l a t i n g   o i l ,   includes  a  h e a t  

expansion  system  and  also  incorpora tes   the  s t a t o r   of  an  AC  s q u i r r e l   cage 
anode  drive  motor.  The  s t a t o r   is  gene ra l ly   concent r ic   about  the  ro to r   o f  
the  anode  drive  motor,  the  ro tor   being  part  of  the  r o t a t i n g   anode  assembly  
ins ide   the  vacuum  tube  envelope.  Thus,  the  s t a t o r   is  spaced  from  t h e  

ro tor   by  the  th ickness   of  the  tube  wall  plus  necessary  c l ea rances ,   which 

makes  the  s q u i r r e l   cage  motor  i n e f f i c i e n t   and  h e a t - p r o d u c i n g .  

SUMMARY  OF  THE  INVENTION 

An  x-ray  tube  according  to  the  invent ion  herein  has  an  anode 

r o t a t a b l y   mounted  within  a  tube  envelope,  the  anode  being  connected  to  an 
i n t e rna l   ro tor   which  is  magne t ica l ly   coupled  to  ex te rna l   drive  means  f o r  

r o t a t i n g   the  anode.  The  i n t e r n a l   ro tor   is  pos i t ioned   c lose ly   a d j a c e n t  

the  i n t e r i o r   of  the  tube  envelope  and  the  tube  envelope  is  provided  w i t h  

ferrous  segments  which  form  a  part   of  flux  loops  coupling  the  i n t e r n a l  

ro tor   with  the  ex te rna l   drive  means.  Thus,  the  tube  envelope  may  be  

r e l a t i v e l y   thick  and  s t r u c t u r a l l y   sound,  and  yet  gaps  in  the  m a g n e t i c a l l y -  

coupling  flux  loops  are  minimized.  

The  i n t e r n a l   ro tor   may  also  be  driven  by  the  f i e ld   of  s t a t o r   mounted 



outs ide   the  tube  envelope  surrounding  the  ro tor   por t ion   of  the  anode/  

rotor   assembly.  In  one  such  embodiment,  the  s t a to r   is  a  mul t ip le   p o l e  
DC  s t a t o r   having  i t s   pole  shoes  surrounding  a  cup  por t ion   of  the  t ube  

envelope  in  which  the  ro tor   is  c lo se ly   received.   The  ro tor   comprises  a  

p l u r a l i t y   of  bar  magnets,  p r e fe rab ly   of  the  rare  ear th   type,  which  ex tend 

outwardly  from  the  surface   of  a  ferrous  sleeve  and  are  separated  by  non- 
ferrous  spacers .   The  rare   ear th   magnets  and  sleeve  are  sealed  in  a  
non-fer rous   casing  to  prevent  the  rare  ear th   magnets  from  con tamina t ing  
the  vacuum  in  the  tube  envelope.  The  axia l   length  of  the  permanent 

magnets  is  g rea t e r   than  that   of  the  pole  shoes,  which  b iases   the  anode/  

ro tor   toward  a  s t r u c t u r a l   stop  at  the  cathode  end  of  the  tube  to  a ch i eve  

s table   cathode-anode  spacing,  and  also  provides  for  mounting  a  H a l l  

device  over  the  extending  permanent  magnets  for  switching  current   t o  

the  s t a t o r .   The  cup  por t ion   of  the  tube  envelope  between  the  rotor   and 

s t a t o r   may  be  e i t h e r   e n t i r e l y   non-fer rous   or  may  comprise  ferrous  segments 
with  non-fer rous   s p a c e r s .  

In  another  such  embodiment,  the  s t a t o r   and  ro tor   comprise  a  b r u s h l e s s  

AC  induct ion   motor,  also  known  as  a  s q u i r r e l   cage  motor.  The  s t a t o r   p o l e  
shoes  are  deployed  surrounding  a  cup  por t ion   of  the  tube  envelope,  the  cup 
wall  having  ferrous  segments  separa ted   by  non-ferrous   spacers  to  r educe  

the  e f f e c t i v e   gap  between  the  s t a t o r   and  ro to r .   The  s t a t o r ,   ro tor   and 

ferrous  wall  segments  are  a l l   p r e fe rab ly   laminated  to  reduce  eddy 

cu r r en t s ,   and  the  wall  has  a  thin  s leeve  to  prevent  vacuum  leaks  between 

the  l amina t ions .   The  ro tor   is  f ab r i ca t ed   and  mounted  to  a  ceramic  

i n s u l a t o r   (which  mounts  the  anode)  by  a  copper  cas t ing   process,   in  which 

the  ferrous  laminat ions   of  the  ro tor   are  al igned  on  the  end  of  a  ceramic 

i n s u l a t o r   and  l iqu id   copper  is  flowed  into  open  spaces  in  the  l a m i n a t i o n s  

to  form  the  l o n g i t u d i n a l   non-ferrous   bars  of  the  ro tor   and  is  also  flowed 

over  the  e x t e r i o r   of  the  ro tor   and  the  adjacent   por t ion   of  the  ceramic  

i n s u l a t o r   to  form  a  sleeve  which  secures  the  ro tor   to  the  ceramic  

i n s u l a t o r .   The  ceramic  i n s u l a t o r  i s   p r e f e r ab ly   configured  so  that  t h e  

sleeve  surrounds  f l a t   surfaces   and  grooves  to  achieve  a  strong  connec t ion .  

The  rotor   also  p r e f e r a b l y   incorpora tes   a  cam  having  ferrous  lobes  which 

close  a  flux  loop  through  an  e x t e r n a l l y   mounted  magnet  and  Hall  d e v i c e ,  

providing  a  speed  mon i to r .  

At  l eas t   the  main  por t ion  of  the  tube  envelope  surrounding  t h e  

r o t a t i n g   anode  is  gene ra l ly   c y l i n d r i c a l   and  made  of  metal,  p r e f e r a b l y  



copper,  which  may  be  l ined  with  ceramic  i n s u l a t i n g   ma te r i a l .   The  end  o f  

the  tube  envelope  opposi te   the  anode  t a rge t   surface  is  not  l ined  w i t h  
ceramic  for  good  t r a n s f e r   of  heat  from  the  anode,  and  the  e x t e r i o r   of  t h e  

tube  envelope  end  may  be  finned  to  d i s s i p a t e   heat  r ap id ly .   The  tube  

'envelope  may  be  mounted  in  a  surrounding  housing,  and  is  a i r   coo led .  

Other  fea tures   of  the  x-ray  tube  according  to  the  invent ion  h e r e i n  

include  embedding  the  cathode  supply  leads  (both  f i lament  and  grid)  in  t h e  

ceramic  tube  l i n ing ,   whereby  both  the  cathode  and  anode  cables  may  e n t e r  
the  tube  envelope  gene ra l ly   opposi te   the  x-ray  window  area,  making  t h e  

tube  easy  to  mount  and  u t i l i z e   in  x-ray  appara tus .   Power  to  the  anode  i s  

provided  through  a  coupling  separa te   and  d i s t i n c t   from  the  bearings  on 
which  the  anode  is  mounted,  prolonging  the  l i f e   of  the  bear ings .   Improved 
cable  t e rminat ions   are  also  p r o v i d e d .  

All  of  the  foregoing  fea tures   combine  to  provide  a  vas t ly   improved 

x-ray  tube.  Other  and  more  spec i f i c   fea tures   and  objects   of  the  i n v e n t i o n  

herein  will   in  part   be  obvious  to  those  s k i l l e d   in  the  art   and  will   i n  

part  appear  from  the  following  d e s c r i p t i o n   of  the  p re fe r red   embodiments 

and  the  claims,  taken  together   with  the  d rawings .  
DRAWINGS 

Figure  1  is  a  l ong i t ud ina l   s ec t iona l   view,  p a r t i a l l y   cut  away,  o f  

an  x-ray  tube  according  to  the  invent ion  h e r e i n ;  

Figure  2  is  a  s ec t iona l   view  of  the  x-ray  tube  of  Figure  1  t a k e n  

along  the  l ines   15-15  of  Figure  1; 

Figure  3  is  a  l o n g i t u d i n a l   s ec t i ona l   view  of  another  x-ray  t ube  

according  to  the  invent ion  h e r e i n ;  

Figure  4  is  a  s ec t iona l   view  of  the  motor  drive  of  the  x-ray  tube  o f  

Figure  3,  taken  along  the  l ines  17-17  of  Figure  3;  

Figure  5  is  a  s ec t iona l   view  of  the  x-ray  tube  of  Figure  3,  t a k e n  

along  the  l ines  18-18  of  Figure  3;  

Figure  6  is  a  fragmented  l o n g i t u d i n a l   s ec t i ona l   view  of  a n o t h e r  

x-ray  tube  according  to  the  invent ion  he re in ,   p a r t i c u l a r l y   the  motor  d r i v e  

port ion  t h e r e o f ;  

Figure  7  is  a  s ec t i ona l   view  of  the  motor  drive  por t ion   of  the  x - r a y  
tube  of  Figure  6,  taken  along  the  l ines  20-20  of  Figure  6;  

Figure  8  is  a  s ec t iona l   view  of  the  motor  drive  por t ion  of  the  x - r a y  
tube  of  Figure  6  taken  along  the  l ines  21-21  of  Figure  6;  



Figure  9  is  a  s ec t i ona l   view  of  the  x-ray  tube  of  Figure  6  t aken  

along  the  l ines   22-22  t h e r e o f ;  

Figure  10  is  a  schematic  view  i l l u s t r a t i n g   an  assembly  step  i n  

f a b r i c a t i n g   the  x-ray  tube  of  Figure  6;  and 

Figure  11  is  a  schematic  view  also  i l l u s t r a t i n g   an  assembly  step  i n  

f a b r i c a t i n g   the  x-ray  tube  of  Figure  6.  

The  same  re fe rence   numerals  r e f e r   to  the  same  elements  t h roughou t  
the  var ious  F i g u r e s .  

DESCRIPTION  OF  PREFERRED  EMBODIMENTS 

With  r e fe rence   to  Figures  1  and  2,  an  x-ray  tube  220  a cco rd ing  

to  the  invent ion   here in   is  shown.  More  p a r t i c u l a r l y ,   in  Figure  1,  t h e  

anode  drive  230  for  the  x-ray  tube  220  is  shown,  and  the  r emain ing  

por t ions   of  the  x- ray   tube  220  including  the  cathode,  anode  assembly ,  
remainder  of  the  tube  envelope,  etc.   may  be  the  same  as  any  of  t h e  

p rev ious ly   descr ibed  x-ray  t u b e s .  

In  Figure  1,  the  shaft   45  of  the  anode  assembly  is  supported  in  and 

extends  through  bear ings  46  which  are  mounted  in  the  disc  38  of  the  tube  

envelope  20.  The  shaft   45  is  also  mounted  in  bear ings  221  set  in  the  end 
wall  of  cup  223  extending  from  the  tube  envelope  20. 

The  anode  dr ive  230  is  cha rac t e r i zed   by  a  permanent  magnet  ro tor   235 

which  is  driven  by  a  s t a t i o n a r y   ex te rna l   DC  s t a to r   240  coupled  to  t h e  

rotor   through  the  c y l i n d r i c a l   wall  224  of  the  cup  223.  The  permanent 

magnet  ro tor   235  is  mounted  to  shaft   45  and  is  pos i t ioned   in  the  cup  223. 

The  north  pole  236  and  the  south  pole  237  of  the  permanent  magnet  r o t o r  
235  are  d i a m e t r i c a l l y   opposed  and  l ie   c lose ly   adjacent   the  i n t e r i o r   o f  

the  c y l i n d r i c a l   wall  224,  with  a  minimum  air   gap  therebetween.   The 

s t a t o r   240  surrounds  the  c y l i n d r i c a l   wall  224,  and  has  d i a m e t r i c a l l y  

opposed  ferrous  pole  pieces  241  and  242  havng  pole  shoes  243  and  244, 

r e s p e c t i v e l y ,   lying  c lose ly   ad jacent   the  e x t e r i o r   of  the  c y l i n d r i c a l   w a l l  
224.  The  pole  pieces  241  and  242  have  co i l s   245  and  246,  r e s p e c t i v e l y ,  
wound  thereabout   for  c rea t ing   a  magnetic  f i e ld   which  drives  the  permanent 

magnet  ro tor   235.  The  pole  pieces  241  and  242  are  connected  by  a  f e r r o u s  

c y l i n d r i c a l   outer  wall  247,  which  provides  a  flux  path  connecting  t h e  

pole  p i e c e s .  
The  c y l i n d r i c a l   wall  224  of  the  tube  envelope  cup  223  i n c l u d e s  

ferrous  segments  225  and  226,  the  ferrous  segment  225  lying  adjacent   t h e  

pole  shoe  243  of  the  pole  241  and  the  ferrous  segment  226  lying  a d j a c e n t  



the  pole  shoe  244  of  the  pole  242.  The  other  por t ions   of  the  c y l i n d r i c a l  

wall  224  are  non- fe r rous ,   and  may  be  aluminum  or  p r e f e r a b l y   g lass .   I t  

should  be  noted  that   the  pole  shoes  243  and  244,  the  ferrous  wall  segments 
225  and  226  and  the  permanent  magnet  ro tor   ends  236  and  237  are  of  t h e  

same  size  and  p a r t i c u l a r l y   the  same  width,  whereby  they  are  co te rminus  

when  a l i g n e d .  
The  rotor   235  is  driven  by  energ iz ing   the  coi ls   245  and  246, 

r e s p e c t i v e l y ,   surrounding  the  pole  pieces  241  and  242,  t h e r e b y  

e s t a b l i s h i n g   a  magnetic  f i e ld   which  repulses   or  a t t r a c t s   the  ro tor   235 

depending  upon  i ts   pos i t ion   and  the  d i r e c t i o n   of  the  magnetic  f i e l d ,   as  i s  

well  known  in  motor  technology.  For  ins tance ,   with  re ference   to  Figure  2 ,  

the  ro tor   235  is  shown  r o t a t i n g   in  a  clockwise  d i r e c t i o n ,   and  the  c o i l s  

245  and  246  are  energized  to  e s t a b l i s h   pole  piece  241  as  a  north  pole  and 

pole  piece  242  as  a  south  pole.  Thus,  the  north  pole  236  of  the  ro tor   i s  

r epe l l ed   from  the  pole  piece  241  of  the  s t a t o r ,   and  the  south  pole  237  i s  

also  r epe l l ed   from  the  pole  piece  242  of  the  s t a t o r ,   cont inuing  to  d r i v e  

the  ro tor   in  the  clockwise  d i r e c t i o n .   As  the  ro tor   completes  180°  o f  

r o t a t i o n ,   the  d i r e c t i o n   of  the  current   in  coi ls   245  and  246  is  reversed  t o  
continue  to  drive  the  rotor   and  hence  the  anode  via  shaft   45. 

A  sensor  250  mounted  through  the  end  wall  of  the  cup  223 

determines  the  passage  of  a  passive  sensor  t a rge t   251  mounted  to  the  r o t o r  
235.  The  sensor  may  be  a  magnetic  sensor,   an  op t i ca l   and  p a r t i c u l a r l y   a  
f iber   op t i ca l   sensor,   or  even  a  mechanical  sensor,   as  des i red .   The  o u t p u t  
of  the  sensor  250  is  processed  through  a  s ignal   genera tor   252,  which 

s ignals   a  pos i t i on   i nd i ca to r   253  and  a  speed  i n d i c a t o r   254.  Speed  c o n t r o l  

c i r c u i t r y   255  receives   the  output  of  a  speed  s e l e c t o r   and  control   256  as  
well  as  the  output  from  the  speed  i n d i c a t o r   254  and,  in  conjunct ion  w i t h  

pulse  genera tor   and  timing  c i r c u i t r y   257,  r ece iv ing   the  output  of  t h e  

pos i t ion   i nd i ca to r   253,  provides  appropr ia t e   pulses  for  energiz ing  t h e  

coi l s   245  and  246  to  drive  the  ro tor   235  and  hence  the  anode.  The  p u l s e s  

are  timed  with  respect   to  the  r o t a t i o n   of  the  ro tor   such  that  maximum 

torque  is  exerted  un t i l   the  ro tor   and  anode  are  at  the  des i red  speed,  and 
then  s u f f i c i e n t   d r iv ing   force  is  provided  to  maintain  that  speed.  Braking 
is  accomplished  by  appropr ia te   revers ing   of  the  f i e lds   to  slow  and  s t o p  
the  r o t o r .  A n   ex te rna l   cooling  fan  (not  shown)  may  be  provided  with  t he  

x-ray  tube  220,  inasmuch  as  there  are  no  moving  ex te rna l   parts   f o r  

c rea t ing   a  flow  of  cooling  a i r .   It  will  be  apprec ia ted   that  the  rotor   235 



may  have  mul t ip le   pole  pieces  and  the  s t a t o r   may  also  have  mul t ip le   p o l e  

pieces ,   whereby  the  s t r eng th   of  the  drive  is  increased.   The  embodiment 

shown  has  two  pole  pieces  for  sake  of  s i m p l i c i t y .  
A  fu r the r   and  p re fe r r ed   embodiment  of  the  invent ion  herein   i s  

found  in  the  x-ray  tube  400  of  Figures  3-5.  The  x-ray  tube  400 

genera l ly   comprises  a  tube  envelope  410  having  an  anode  assembly  450 

r o t a t i o n a l l y   mounted  t he re in ,   the  anode  assembly  inc luding  an  anode  4 5 1  

and  the  rotor   por t ion   of  a  motor  drive  470.  The  tube  envelope  410  i s  

received  in  a  housing  402,  which  mounts  the  s t a t o r   of  the  motor  d r i v e .  

The  tube  envelope  includes  cable  t e rmina t ions ,   and  is  cooled  by  a  f a n  
which  c i r c u l a t e s   a i r   through  the  housing  surrounding  the  tube  enve lope .  

The  tube  envelope  410  includes  a  c y l i n d r i c a l   s idewall   411  s u r -  
rounding  the  anode,  and  is  provided  with  a  r ad io lucen t   window  412  f o r  

emit t ing  the  x- rays .   An  annular  end  wall  413  jo ins   the  s idewall   411 

with  a  cup  415.  The  cup  415  protrudes  outwardly  and  includes  i ts   c y l i n -  
d r i ca l   s idewall   416  and  an  end  wall  417.  An  a x i a l l y - d i s p o s e d   stud  418 

protrudes   from  the  end  wall  417  into  the  i n t e r i o r   of  the  tube  envelope  
for  support ing  the  r o t a t i n g   anode  assembly  450,  as  more  fu l ly   d i s c u s s e d  
below.  The  opposi te   end  of  the  tube  envelope  410  is  closed  by  an  end 
wall  420  secured  to  the  c y l i n d r i c a l   s idewall   411  of  the  tube  enve lope ,  
which  mounts  te rminals   425  and  430,  more  fu l ly   d iscussed  below.  The 
sidewall   411  and  end  wall  420  are  p re fe rab ly   f ab r i ca t ed   of  copper,  and 
the  cup  415  is  p r e fe rab ly   f ab r i ca t ed   of  .304  s t e e l ,   Monel  s t ee l   or  o t h e r  
s imi lar   non-fer romagnet ic   s t e e l .  

The  anode  assembly  450  is  r o t a t i o n a l l y   mounted  in  the  tube  envelope  
410  on  the  stud  418  of  the  cup  415.  The  anode  assembly  450  g e n e r a l l y  
comprises  the  anode  451,  a  ceramic  i n s u l a t o r   455,  and  the  ro tor   471  o f  
the  motor  drive  470  for  the  r o t a t i n g   anode  assembly.  The  i n s u l a t o r ,  
which  is  f ab r i ca t ed   of  ceramic,  includes  a  c y l i n d r i c a l   shank  456  which 
extends  into  the  cup  415  of  the  tube  envelope.  Thus,  the  shank  sur rounds  
the  stud  418,  and  a  bearing  457  is  provided  between  the  stud  and  i n t e r i o r  
of  the  shank.  The  ceramic  i n s u l a t o r   455  fu r the r   comprises  a  disc  458 

which  extends  r a d i a l l y   outwardly  from  the  shank  along  the  tube  envelope  
end  wall  413,  and  sh ie lds   the  i n t e r i o r   of  the  cup  415  from  rad ian t   h e a t  
t r a n s f e r   from  the  anode.  A  stud  459,  which  may  be  stepped  as  shown, 
extends  from  the  disc  458  opposi te   the  shank  456,  and  has  a  metal  c o n t a c t  
and  bearing  p la te   460  mounted  at  i ts   free  end.  A  metal  sleeve  461  i s  

f i t t e d   around  and  secured  to  the  stud  459,  and  the  anode  451  is  s l i p p e d  



over  the  metal  sleeve  and  secured  by  a  nut  462.  A  port ion  of  the  me ta l  

sleeve  461,  ind ica ted   at  463,  forms  a  key  which  engages  with  a  s lot   i n  

the  anode  451  to  ensure  r o t a t i o n   of  the  anode  with  the  ceramic  i n s u l a t o r  

455.  

The  motor  drive  470  is  cha rac t e r i zed   by  a  ro tor   471  i n c o r p o r a -  

ting  a  p l u r a l i t y   of  permanent  magnets,  p r e f e r ab ly   of  the  rare  ear th  t y p e ,  
which  r e s u l t s   in  a  motor  drive  capable  of  high  torque  despi te   the  gap 
extant   between  the  s t a t o r   and  the  ro tor .   The  ro tor   s t r u c t u r e   seals   t h e  

rare  ear th   magnets  to  prevent  them  from  contaminat ing  the  evacua t ed  

i n t e r i o r   of  the  tube  envelope  410. 

More  p a r t i c u l a r l y ,   the  rotor   471  comprises  eight   gene ra l ly   r e c t i -  

l inear   rare  ear th  permanent  magnets  472a-472h,  deployed  spaced  apart   and 

extending  outwardly  from  an  octagonal  s t ee l   ring  473,  which  serves  t o  
close  the  flux  loop  between  the  magnets.  As  best  seen  in  Figure  4,  t h e  

permanent  magnets  472  are  separated  by  spacers  of  non-fer rous   m a t e r i a l  

474.  A  casing  of  non-ferrous   mate r ia l   surrounds  and  encloses  the  p e r -  
manent  magnets,  the  casing  including  an  outer  sleeve  475  which  ex t ends  

over  and  is  secured  to  the  shank  456  of  the  ceramic  i n s u l a t o r   by  b r a z i n g  

or  the  l ike  to  mount  the  rotor   471  the re to .   The  casing  fu r the r   i n c l u d e s  

an  inner  sleeve  476  concent r ic   with  the  stud  418.  End  walls  477  and  478 

connect  the  inner  and  outer  sleeves  to  complete  the  encapsu la t ion   of  t h e  

permanent  magnets  and  s tee l   r ing.   The  outer  surface  of  the  s teel   r i n g  
is  oc tagonal ,   whereby  the  e ight   permanent  magnets  472a-472h  l ie   f l a t  

against   the  e ight   outwardly  facing  surfaces   of  the  s tee l   r ing.   The 

permanent  magnets  are  deployed  with  a l t e r n a t i n g   p o l a r i t i e s ,   e . g . ,  
permanent  magnet  472a  has  i t s   north  pole  on  i ts   outer  surface  and  i t s  
south  pole  adjacent   the  s tee l   r ing,   and  permanent  magnet  472b  has  i t s  

north  pole  adjacent   the  s tee l   ring  and  i ts   south  pole  on  i ts   o u t e r  
s u r f a c e .  

The  ro tor   471  may  be  f ab r i ca t ed   by  a  copper  cast  process ,   and  i n  

p a r t i c u l a r ,   the  s tee l   ring  473  and  the  magnets  may  be  placed  in  a  form  o r  
mold  into  which  l iquid   copper  is  poured  to  form  the  end  walls  477  and 

478,  spacers  474,  and  inner  casing  sleeve  476.  This  subassembly  may  be  

milled  to  round  the  outer  surfaces  of  the  magnets  and  spacers ,   and  t h e  

diameter  of  the  inner  casing  sleeve  may  be  f in i shed   to  des i red   t o l e r -  

ances.  The  r e s u l t i n g   subassembly  may  be  dropped  into  the  outer  c a s i n g  
sleeve  475,  and  appropr ia te   welding  or  brazing  is  ca r r ied   out  to  seal  t h e  



s t r u c t u r e   and  encapsula te   the  permanent  magnets.  The  extending  p o r t i o n  

of  the  outer  sleeve  is  brazed  to  the  shank  of  the  ceramic  i n s u l a t o r   t o  

mount  the  ro tor   t he re to .   A l t e r n a t i v e l y ,   the  magnets  can  be  p re - rounded  

on  the i r   outer  su r faces ,   and  the  en t i r e   casing  and  spacers  can  be  cast  i n  

one  o p e r a t i o n .  A s   a  fu r the r   a l t e r n a t i v e ,   the  spacers  can  be  f a b r i c a t e d  

in  p ieces ,   and  the  rotor   s t r u c t u r e   can  be  f ab r i ca t ed   from  welding  up  end 

walls  and  sleeves  to  encapsula te   the  s t ee l   r ing,   magnets  and  spacers.   In 

shor t ,   there  are  severa l   ways  of  making  the  sealed  ro to r ,   and  the  p r imary  
c h a r a c t e r i s t i c   is  that   the  permanent  magnets  are  encapsula ted  so  as  n o t  

to  contaminate  the  evacuated  i n t e r i o r   of  the  x-ray  tube  enve lope .  
A  second  bearing  464  is  mounted  between  the  i n t e r i o r   of  the  r o t o r  

and  the  stud  418,  and  the  two  spaced  apart   bear ings  serve  to  r o t a t i o n a l l y  

mount  the  anode  assembly  450.  It  wil l   be  noted  that   the  second  b e a r i n g  
butts   aga ins t   a  shoulder  of  the  stud  418,  the  f i r s t   bearing  b u t t s  

agains t   a  shoulder  of  the  opening  in  the  shank  of  the  ceramic  i n s u l a t o r ,  

and  a  spring  465  is  placed  between  the  two  bear ings .   This  ar rangement  
biases  the  r o t a t i n g   anode  assembly  away  from  the  cup  end  of  the  t u b e ,  
and  s t r u c t u r a l l y   "grounds"  it  as  fu r the r   d iscussed  below. 

The  s t a t o r   480  of  the  motor  drive  470  for  the  x-ray  tube  400  s u r -  
rounds  the  cup  415  of  the  tube  envelope  410.  The  s t a t o r   i t s e l f   i s  

mounted  in  a  r ing  481  supported  on  s t r u t s   482  extending  from  the  hous ing  
402.  The  cup  415  of  the  tube  envelope  s l ides   in  and  out  of  the  s t a t o r  
for  r ep lac ing   the  tube  envelope,  and  the  s t a t o r   supports  and  p o s i t i o n s  
the  tube  envelope  within  the  hous ing .  

With  p a r t i c u l a r   re fe rence   to  Figure  4,  the  s t a to r   480  comprises  

a  p l u r a l i t y   of  pole  pieces  483  t e rmina t ing   in  pole  shoes  484  which 

surround  the  c y l i n d r i c a l   s idewall   416  of  the  cup  415.  The  pole  p i e c e s  

are  connected  at  the  outer   por t ion   of  the  s t a t o r   by  a  r ing.   The  space  
between  the  cores  accommodate  the  windings,  not  shown  in  de t a i l   but  shown 

gene ra l ly   at  486  in  Figure  3.  The  s t a t o r   is  p r e f e r ab ly   comprised  of  a  
stack  of  l amina t ions ,   as  also  ind ica ted   in  Figure  3,  which  reduces  eddy 

currents   in  the  s t a t o r .   Winding  is  accomplished  in  accordance  with  known 

motor  technology,  given  the  spec i f i c   number  of  magnets  and  number  o f  

pole  p ieces .   In  the  embodiment  shown,  there  are  twenty-four   pole  p i ece s  
and  e ight   magnets,  but  i t   will   be  apprec ia ted   that   a  d i f f e r e n t   number  o f  
both  pole  pieces  and  magnets  could  be  u t i l i z e d   and  with  the  s t a to r   wound 

a c c o r d i n g l y .  



A  Hall  device  488  is  mounted  on  the  e x t e r i o r   of  the  cup  wall  316 

adjacent   the  s t a t o r   480.  It  will   be  noted  that  the  permanent  magnets  472 

have  an  axial   length  g rea t e r   than  that  of  the  pole  shoes,  and  t h e r e b y  

extend  beyond  the  pole  pieces .   This  allows  the  Hall  device  to  be  

pos i t ioned   adjacent   the  pole  pieces  and  be  a c t i va t ed   by  the  permanent 

magnets  as  the  rotor   r o t a t e s ,   and  also  biases  the  r o t a t i n g   anode  assembly  

away  from  the  cup  end  of  the  tube  envelope  toward  a  s t r u c t u r a l   s t o p .  
It  should  be  noted  that  the  gap  between  the  cup  wall  416  and  t h e  

e x t e r i o r   of  the  ro tor   is  exaggerated  in  Figure  4  for  purposes  of  c l a r i t y .  
The  motor  drive  is  quite  strong  and  capable  of  producing  high  torque  f o r  

quick  s t a r t s .   Although  a  spec i f i c   motor  control   is  not  shown,  i t   can  be  

s imi lar   to  that  described  above  with  respect   to  x-ray  tube  220,  with  t h e  

Hall  device  providing  switching  s i g n a l s .  
The  x-ray  tube  400  fu r the r   comprises  a  cathode  440  mounted  to  t he  

end  wall  420  opposi te   the  anode  451,  and  rece iv ing   i ts   power  via  c a b l e  

441  through  terminal   430.  Terminal  430  comprises  a  ceramic  or  glass  s t u d  

431  sealed  to  and  extending  through  the  end  plate  420  of  the  t ube  

envelope.  The  ceramic  stud  431  has  a  cup  por t ion   432  extending  into  t h e  

tube,  and  which  mounts  one  or  more  f i laments   and  the  grid  comprising  t h e  

cathode  440  of  the  x-ray  tube  400.  With  re fe rence   to  Figures  3  and  5,  
the  outs ide   end  of  the  ceramic  or  glass  stud  431  has  a  f l a t ,   s ideways 

facing  surface  433  in  which  plug  r ecep t ac l e s   434  are  f i t t e d .   Wires  a r e  
embedded  in  the  stud  to  connect  the  plug  r ecep t ac l e s   with  the  f i l a m e n t s  

and  gr id ,   as  a p p r o p r i a t e .   A  metal  shield  435  is  secured  to  the  end  p l a t e  
420  and  has  a  curved  closed  end  por t ion   436  genera l ly   surrounding  t h e  

prot ruding  stud  and  an  elongated  por t ion   437,  U-shaped  in  s e c t i o n ,  

extending  along  the  end  p la te   420.  P l a s t i c   i n s u l a t i o n   438  is  p o s i t i o n e d  
between  the  metal  shield  435  and  stud  431,  and  defines  an  opening  t h e r e i n  
for  r ece iv ing   the  terminal   end  442  of  the  cathode  supply  cable  441.  The 

terminal   end  442  of  the  cathode  supply  cable  has  a  p l u r a l i t y   of  p lugs  

443,  such  that  it  may  be  inse r ted   into  the  opening  in  the  p l a s t i c  
i n s u l a t i o n   438  and  plugged  into  the  plug  r e cep t ac l e s   434  on  the  stud  431.  

The  terminal   end  442  is  shaped  for  this   purose,  and  includes  a  f l a n g e  
444  which  may  be  secured  to  the  metal  shie ld   for  r e t a i n i n g   the  cable.  A 

narrow  air   channel  439  is  provided  from  the  i n t e r f a c e   of  the  c a b l e  

terminal  end  and  the  stud,  the  a i r   channel  439  leading  through  t h e  

p l a s t i c   i n s u l a t i o n   and  metal  sh ie ld ,   such  that  air   may  be  pushed  out  o f  



the  opening  in  the  p l a s t i c   cover  as  the  cab le ' s   terminal   end  i s  

i n s e r t e d .  

The  anode  supply  cable  445  is  terminated  at  the  tube  envelope  in  a  
s imi la r   manner.  The  terminal   425  also  comprises  a  ceramic  or  glass  s tud  
426  extending  through  and  sealed  to  the  end  p la te   420,  the  stud  426 

having  a  f l a t ,   sideways  facing  surface  427  in  which  plug  r ecep tac les   428 

are  formed.  A  metal  shield  429  is  secured  to  the  end  p la te   420,  and  ha s  

a  p l a s t i c   i n s u l a t i o n   424  f i t t e d   the re in   for  r ece iv ing   a  terminal   end  446 

of  the  anode  supply  cable  445,  which  plugs  into  the  plug  r ecep tac l e s   428. 

The  plug  r ecep t ac l e s   428  are  connected  to  a  wire  lead  452  which  ex tends  

into  the  x-ray  tube  envelope  and  has  an  end  terminal   453  supported  on  a  
ceramic  stud  454  mounted  to  the  end  p la te   and  extending  toward  the  anode,  
with  the  metal  p la te   460  on  the  r o t a t i n g   anode  assembly  in  c o n t a c t  
therewi th .   A  wire  lead  449  from  the  metal  p la te   to  the  metal  sleeve  461 

completes  the  e l e c t r i c a l   c i r c u i t   to  the  r o t a t i n g   anode.  

It  wi l l   be  noted  that   the  r o t a t i n g   anode  assembly  450  is  b i a s e d  

agains t   the  terminal   453  supported  by  the  ceramic  stud  454,  which  t h e r e b y  

a x i a l l y   pos i t i ons   the  anode  451  within  the  tube  envelope.  This  i s  

advantageous  and  in  that   anode  and  cathode  both  have  t he i r   r e f e r e n c e  

p o s i t i o n   with  respec t   to  the  end  p la te   420,  and  the  d i s t ance   between  t he  

cathode  and  anode  remains  constant   within  close  to le rances   desp i te   h e a t  

expansion  of  the  tube  e n v e l o p e .  
The  e n t i r e   tube  envelope  410  is  mounted  in  the  housing  402,  which 

b a s i c a l l y   comprises  a  c y l i n d r i c a l   outer  wall  403  and  end  covers  404  and 

405.  The  tube  envelope  is  supported  within  the  housing  by  s l i d ing   t h e  

end  cup  415  within  the  s t a t o r   480  which  in  turn  is  mounted  to  t h e  

c y l i n d r i c a l   wall  of  the  tube  housing  by  s t r u t s   482.  At  the  terminal   end 

of  the  tube  envelope  several   lugs  421  extend  r a d i a l l y   outwardly  and  a r e  
fastened  to  complementary  pos i t ioned   lugs  406  extending  from  the  tube  

housing,   as  best  seen  in  Figure  5.  The  housing  wall  403  is  s l o t t ed   a t  
407  (Figure  5)  to  accommodate  the  anode  and  cathode  supply  cables  441 

and  445.  

A  fan  assembly  490,  including  a  fan  motor  491  dr iving  fan  b l a d e s  

492,  is  mounted  within  the  tube  housing  for  air   cooling  the  x-ray  t ube  
400.  The  fan  assembly  is  p re fe rab ly   mounted  at  the  cathode  end  of  t h e  

tube,  and  in  the  p re fe r r ed   embodiment  shown  a  bracket   493  is  p rov ided  

extending  from  the  terminal   sh ie lds   429  and  435  for  supporting  the  fan  



motor.  The  end  covers  404  and  405  at  the  ends  of  the  tube  housing  a r e  

s lo t t ed   to  provide  a i r   flow.  When  the  fan  is  operated,   it  blows  on  t he  

end  wall  420  and  pushes  a i r   along  the  sides  of  the  tube  envelope  and  o u t  

the  opposi te   end  of  the  housing.  End  wall  420  can  be  provided  w i t h  

cooling  f ins ,   if  d e s i r e d .  

The  tube  housing  s idewall   403  is  provided  with  a  co l l imator   408 

which  is  in  r e g i s t r a t i o n   with  the  window  opening  412  of  the  tube  envelope  

for  emi t t ing   the  x-rays .   It  is  convenient  to  mount  a  s l i d ing   f i l t e r   495 

powered  by  a  motor  496  within  the  tube  housing  adjacent   the  tube  envelope  

wherein  the  f i l t e r   is  s l i dab ly   ad jus t ab ly   pos i t ioned   over  the  window 

opening  412.  The  c y l i n d r i c a l   tube  housing  is  r e ad i ly   adaptable   to  t h e  

t runnion  mounts  gene ra l ly   used  in  x-ray  tube  equipment .  
The  x-ray  tube  400  operates   in  the  usual  manner,  i . e .   a  high  v o l t a g e  

p o t e n t i a l   is  applied  to  the  anode  451  via  the  anode  cable  445,  anode 

terminal   425,  lead  wire  452  and  terminal   453.  The  cathode  is  heated  and 

grid  vol tage   appl ied,   and  the  motor  drive  470  is  operated  to  r o t a t e   t he  

anode  while  x-rays  are  being  produced.  It  will   be  apprec ia ted   that  t he  

copper  tube  envelope  acts  as  an  e f f e c t i v e   shield  for  s t ray   x- rays ,   and 

also  has  exce l l en t   heat  conduc t iv i ty   for  t r a n s f e r r i n g   the  heat  from  t h e  

i n t e r i o r   to  the  e x t e r i o r   of  the  tube.  The  fan  assembly  provides  c o o l i n g  
air  to  maintain  the  tube  in  a  r e l a t i v e l y   cool  condi t ion  during  o p e r a t i o n .  
The  ceramic  i n s u l a t o r   455,  and  p a r t i c u l a r l y   the  c y l i n d r i c a l   disc  p o r t i o n  
458  the reof ,   helps  to  maintain  the  temperature  in  the  cup  415  a t  

r e l a t i v e l y   low  leve l .   Thus,  the  r a r e  e a r t h   magnets  of  the  rotor   471  a r e  
able  to  maintain  the i r   magnetic  p rope r t i e s   over  a  s u b s t a n t i a l   period  o f  

t ime .  

With  re fe rence   to  Figures  6-9,  another  x-ray  tube  500  according  t o  
the  invent ion  herein  is  i l l u s t r a t e d .   The  x-ray  tube  500  is  c h a r a c t e r i z e d  

by  the  use  of  r o t a t i n g   f i e ld   induct ion  motor  dr ive,   commonly  r e f e r r ed   t o  

as  the  s q u i r r e l   cage  motor  dr ive ,   opera t ing   through  a  laminated  segmented 

por t ion  of  the  tube  envelope  wall  disposed  between  the  s t a t o r   and  r o t o r .  
A  fu r the r   fea ture   of  the  x-ray  tube  500  is  a  cam  ac t iva t ed   Hall  d e v i c e  

speed  monitor,   which  can  be  used  in  a  feedback  mode  to  control   the  motor 

speed.  Figures  6-9  are  fragmentary  views  of  the  x-ray  tube  500, 
i l l u s t r a t i n g   the  cup  por t ion   520  of  tube  envelope  510,  a  por t ion   of  t h e  

r o t a t i n g   anode  assembly  540  including  the  ro tor   550  of  the  motor  d r i v e ,  
and  the  s t a t o r   570  of  the  motor  drive  surrounding  the  cup  520.  It  w i l l  



be  apprec ia ted   that  the  remaining  elements  of  the  x-ray  tube  500  may  be  
the  same  as  those  found  in  the  x-ray  tube  400  described  above,  and  t h a t  
the  motor  dr ive   of  the  x-ray  tube  500  can  also  be  used  with  o t h e r  

con f igu ra t ions   of  x-ray  tubes  descr ibed  above  in  place  of  the  s p e c i f i c  
motor  drives  d i sc losed   in  connection  t h e r e w i t h .  

The  end-cup  520  of  the  x-ray  tube  500  comprises  a  c y l i n d r i c a l   s i d e -  
wall  525,  an  end  p la te   535,  and  a  stud  538  for  mounting  the  r o t a t i n g  
anode  assembly  540.  The  c y l i n d r i c a l   s idewall   525  of  the  cup  has  a  
p l u r a l i t y   of  laminated  ferrous  segments  526a-526f  disposed  between  t he  

ro to r   and  s t a t o r   of  the  motor  dr ive,   the  segments  extending  a x i a l l y  
along  the  wall  in  the  area  between  the  ro to r   and  the  s t a t o r   and  be ing  
i n t e r r u p t e d   along  the  circumference  of  the  c y l i n d r i c a l   wall  by  nar row 
non-ferrous   segments  530,  best  seen  in  Figure  7.  The  s t a t o r   570, 

comprising  pole  pieces  571  and  pole  shoes  572,  surrounds  the  cup  520, 
whereby  the  ferrous  segments  526a-526f  in  e f f ec t   become  extensions  o f  
the  pole  shoes  572  of  the  s t a to r   570,  thereby  reducing  the  e f f e c t i v e   gap 
between  the  s t a t o r   and  the  ro to r .   The  gap  is  exaggerated  in  t h e  

drawings  for  purposes  of  c l a r i t y ,   and  is  a c tua l l y   on  the  order  of  .005 
i nch .  

The  segments  526a-526f  are  preferably   laminated  to  reduce  eddy 

current  e f fec t s ;   however,  the  laminated  segments  are  not  vacuum  t i g h t .  

Therefore  the  cy l i nd r i ca l   wall  of  the  cup  520  fur ther   comprises  a  t h i n  

preferably  non-ferrous  cy l i nd r i ca l   sleeve  528  which  prevents  loss  of 

vacuum  through  the  laminated  segments.  
But  even  a  ferrous  sleeve  528  will  perform  s a t i s f a c t o r i l y   r e s u l t s  

in  preventing  losses  of  vacuum  through  the  laminated  segments  if  t h in  

enough  to  avoid  magnetic  c i r cu i t   d i s rupt ion .   Also  other  materials   which 

are  nei ther   ferrous  nor  non-ferrous  such  as  glass  or  ceramic  may  be 



appropr ia te   for  this  cy l i nd r i ca l   sleeve  528. 
With  reference  to  Figures  10  and  11,  a  process  for  making  the 

end  cup  520  with  its  laminated  segments  is  i l l u s t r a t e d .   A  p l u r a l i t y  
of  annular  laminations  524  are  f ab r i ca ted ,   including  spaced  a p a r t  

openings  523.  At  this  point,  the  laminations  are  of  greater   d iameter  

than  the  diameter  of  the  finished  wall,  and  correspond  to  the  lower 

r ight   hand  portion  of  Figure  11.  A cyl indr ica l   cup  port ion  521  is 

provided  with  openings  posit ioned  correspondingly  to  the  openings 
in  the  laminat ions,   and  non-ferrous  pins  530  are  inserted  into  these  

openings.  The  laminations  are  inserted  over  the  pins,  and  a  second 

portion  522  of  the  cup  comprising  the  end  wall  and  stud  and  a  p o r t i o n  
of  the  cy l i nd r i ca l   sidewall  is  press  fi t   on  to  the  pins,  the reby  
sandwiching  the  laminations  between  the  two  solid  portions  of  the  

cup.  As  schematical ly   shown  in  Figure  11,  the  p a r t i a l l y   completed 

cup  is  milled  to  a  lesser   d iamete r ,  



exposing  the  non-fer rous   pins  on  the  e x t e r i o r   sur face .   It  will   be  noted  

that  the  pins  were  a l ready  exposed  on  the  i n t e ro r   surface  by  v i r tue   o f  

the  p o s i t i o n   of  the  openings  in  the  l amina t ions .   Thus,  the  a n n u l a r  

laminat ions  are  separated  into  the  laminated  ferrous  segments  526a-526f  

between  the  non-fer rous   pins  530. 

The  ro tor   550  is  mounted  to  the  end  of  a  ceramic  i n s u l a t o r   545  o f  

the  r o t a t i n g   anode  assembly,  gene ra l l y   opposi te   the  anode  (not  shown) 

and  is  pos i t ioned   within  the  cup  520  surrounded  by  the  s t a t o r   570.  The 

rotor   550  comprises  a  s tack  of  ferrous  laminat ions  551  which,  in  t h e i r  

outer  po r t i ons ,   have  l ong i tud ina l   openings  f i l l e d   with  n o n - f e r r o u s  

mate r ia l   i nd ica ted   at  552,  in  t yp ica l   s q u i r r e l   cage  c o n f i g u r a t i o n .  

Again,  laminat ions   are  used  to  reduce  eddy  cu r ren t s ;   however,  i t   i s  

d i f f i c u l t   to  completely  clean  the  laminat ions  and,  t he re fo re ,   t h e  

laminat ions   of  the  ro tor   are  sealed  in  a  casing  555  to  prevent  con-  
taminat ion  of  the  tube  envelope.  More  p a r t i c u l a r l y ,   the  l a m i n a t i o n s  

are  encased  by  a  c y l i n d r i c a l   outer  sleeve  556,  a  c y l i n d r i c a l   i n n e r  

sleeve  557  and  end  walls  558  and  559,  with  the  c y l i n d r i c a l   outer  s l e e v e  

extending  over  a  por t ion   of  the  shank  546  of  the  ceramic  i n s u l a t o r   545 

to  a t t ach   the  ro tor   t he re to .   The  ro tor   is  formed  by  copper  cas t ing  t h e  

non-fer rous   bars  552  and  casing  555,  which  also  permits  providing  a  

good  mechanical  connection  to  the  shank  546  of  the  ceramic  i n s u l a t o r .  

As  seen  in  Figure  9,  the  shank  546  of  the  i n s u l a t o r   is  formed  with  f l a t  

surfaces  547  and  a  c i r c u m f e r e n t i a l   groove  548.  Thus,  when  the  o u t e r  

sleeve  556  is  copper  cas t ,   the  copper  mates  with  the  f l a t s   and  grooves  
of  the  shank  for  secure ly   a t t ach ing   the  rotor   in  both  axial   and 

r o t a t i o n a l   modes. 

The  ro tor   also  incorpora tes   a  cam  561,  best   seen  in  Figures  6  and  8 ,  
which  forms  a  part   of  a  speed  monitoring  assembly  560  of  the  x-ray  t ube  

500.  The  speed  monitoring  assembly  560  also  comprises  two  s p a c e d - a p a r t  
ferrous  segments  562  and  563  extending  through  the  c y l i n d r i c a l   wall  525 

of  the  cup  520  (al though  they  do not   extend  through  the  inner  s l e e v e  

528).  A  magnet  564  is  pos i t ioned   over  one  of  the  segments,  and  a  Ha l l  

device  565  is  pos i t ioned   over  the  o ther ,   with  a  ferrous  bar  566 

br idging  the  magnet  and  Hall  device.   The  cam  561  has  ferrous  lobes  568 

which,  when  they  pass  the  ferrous  segments  562  and  563,  close  a  f l u x  

loop  through  the  Hall  device  565.  Thus,  the  s ignals   from  the  H a l l  

device  i nd ica te   the  speed  at  which  the  anode  is  r o t a t i n g .   The  cam  561 



is  convenient ly   pos i t ioned   adjacent   the  ro to r ,   and  may  be  i n c o r p o r a t e d  
into  the  r o t a t i n g   anode  assembly  s t r u c t u r e   by  copper  cas t ing   it  w i t h  

the  ro to r .   It  wil l   be  apprec ia ted   that   the  cam  may  comprise  any 
ferrous  element  mounted  on  or  near  t h e  e x t e r i o r   of  the  r o t a t i n g   anode 

assembly  and  pos i t ioned   and  sized  to  make  and  break  the  flux  loop 

through  the  Hall  d e v i c e .  

The  r o t a t i n g   anode  assembly  540  is  mounted  on  stud  538  by  b e a r i n g s  

542  and  543  and  is  biased  toward  the  cathode  end  of  the  tube  by  s p r i n g  

544,  s imi la r   to  the  d e s c r i p t i o n   above  with  respect   to  x-ray  tube  400. 

The  s t a t o r   570  of  the  motor  drive  is  as  descr ibed  above,  and  has  

windings  571  in  accordance  with  known  motor  technology,  e.g.  i t   can  be  

wound  for  two  or  th ree-phase   opera t ion .   The  motor  drive  can  be  run  
from  AC  cur ren t   at  s tandard  f requenc ies ,   but  is  p r e fe rab ly   powered  by  a  

va r iab le   frequency  motor  con t ro l ,   not  a  part  of  the  invent ion  h e r e i n .  

The  x-ray  tube  500  can  be  e f f i c i e n t l y   driven,   p r imar i ly   because  o f  
the  small  e f f e c t i v e   gap  between  the  s t a to r   and  ro to r ,   achieved  t h rough  
the  use  of  the  segmented  w a l l .  

It  wil l   be  apprec ia ted   that  the  x-ray  tubes  i l l u s t r a t e d   and  d e s c r i b e d  

herein  are  p re fe r r ed   embodiments  and  that  changes  may  be  made  by  t h o s e  

sk i l l ed   in  the  ar t   without  depar t ing   from  the  s p i r i t   and  scope  of  t h e  

invent ion .   As  a  very  basic  example,  the  various  drive  means  may  be  used 
in  combination  with  the  r o t a t i n g   cathode  fea ture   or  with  the  f i x e d  

grounded  cathode  f ea tu re ,   or  even  with  tube  envelopes  of  pr ior   art  x - r a y  
tubes  which  have  been  a p p r o p r i a t e l y   modified  to  accept  the  drive  means 

according  to  the  invent ion  here in .   S imi la r ly ,   s t r u c t u r a l   changes  in  t h e  

tube  envelopes  i l l u s t r a t e d ,   t e rmina l s ,   bearing  p o s i t i o n s ,   and  the  l i k e ,  

may  also  be  made.  Accordingly,   the  invent ion  herein   is  l imited  only  by  
the  following  c l a i m s .  



1.  An  x-ray  tube  compris ing:  
A.  An  evacuated  tube  envelope  (410)  having  a  window  (412)  f o r  

passing  x-rays  from  the  i n t e r i o r   t h e r e o f ;  

B.  a  cathode  mounted  in  the  tube  envelope  (410);  
C.  an  anode  (451)  ro ta tab ly   mounted  in  the  tube  envelope  (410);  

and 

D.  e l e c t r i c a l   means  connected  to  the  anode  and  cathode  f o r  

producing  x - r a y s ;  
c h a r a c t e r i z e  d  b y  
E.  var iable   speed  anode  drive  means  (230)  for  ro ta t ing   t h e  

anode,  the  var iable   speed  drive  means  i n c l u d i n g  
1.  an  i n t e rna l   rotor  (235)  mounted  within  the  tube  envelope 

(410)  and  adjacent  a  wall  of  the  tube  envelope,  t he  

in t e rna l   rotor  being  mounted  to  rota te   with  the  anode 

as  a  ro ta t ing   anode  assembly,  the  in te rna l   rotor  comprising 
at  l eas t   one  permanent  magnet  (472a  to  472h)  having  a t  
leas t   two  p o l e s ,  

2.  a  s ta tor   (480)  posi t ioned  on  the  ex ter ior   of  the  tube  

envelope  surrounding  the  rotor  and 

3.  means  to  create  a  magnetic  f ield  driving  the  i n t e r n a l  

rotor  and  thereby  ro ta t ing   the  anode, 

whereby  the  anode  is  rota ted  while  the  x-ray  tube  is  operated  to  produce 

x-rays,  thereby  preventing  rapid  d e t e r i o r a t i o n   of  the   anode. 

2.  An  x-ray  tube  as  defined  in  claim  1,  wherein  t h e  s t a t o r   i s  

a  DC  s ta to r   and  having  a  number  of  pole  pieces  equal  to  or  g r e a t e r  
than  the  number  of  poles  of  the  permanent  magnet  of  the  in te rna l   r o t o r  
and  said  magnetic  f ie ld   creat ing  means  are  means  pulsing  the  DC  s t a t o r .  

3.  An  x-ray  tube  as  defined  in  claim  1,  wherein 

-  the  i n t e rna l   rotor  comprises  a  squ i r re l   cage  rotor  having 

a l t e r n a t i n g   ferrous  and  non-ferrous  long i tud ina l   segments; 

-  the  s t a to r   is  an  AC  s t a t o r ,  
-  the  magnetic  f ie ld   creat ing  means  are  supplied  by  an  AC  c u r r e n t ,  

and  wherein 



the  portion  of  the  tube  envelope  posit ioned  between 

the  s ta tor   and  the  rotor  comprises  ferrous  segments 
separated  from  each  other  by  non-ferrous  space r s ,  
the  ferrous  spacers  acting  as  extensions  of  the  s t a t o r  
and  thereby  reducing  the  e f fec t ive   air  gap  between  the  

rotor  and  the  s t a t o r .  

4.  An  x-ray  tube  as  defined  in  claim  2,  wherein  the  permanent 
magnet  is  a  rare  earth  magnet  encapsulated  in  a  non-ferrous  c a s ing  
whereby  the  rare  earth  magnet  does  not  contaminate  the  i n t e r i o r   of 

the  evacuated  tube  envelope.  

5.  An  x-ray  tube  as  defined  in  claim  3,  wherein  at  least   one 
permanent  magnet  comprises  an  even  number  of  permanent  magnets 
l ong i tud ina l ly   deployed  on  the  outwardly  facing  surfaces  of  a 
polygonal  ferrous  sleeve  presenting  a l t e r n a t i n g   north  and  south  

poles  at  the  ex te r io r   surface  of  the  rotor  with  the  ferrous  s l eeve  

providing  a  flux  path  between  the  magnets,  with  non-ferrous  space r s  
deployed  about  the  sleeve  between  adjacent  magnets.  



6.  An  x-ray  tube  as  defined  in  claim  5  wherein  the  spacers  and  a t  

l eas t   a  por t ion   of  the  casing  are  i n t e g r a l l y   formed  of  copper  by  a  

copper  cas t ing   p r o c e s s .  

7.  An  x-ray  tube  as  defined  in  claim 4  wherein  the  anode  is  mounted 

to  a  ceramic  i n s u l a t o r   having  a  shank  pro t ruding   opposi te   the  anode,  
and  the  ro tor   casing  includes  an  outer  c y l i n d r i c a l   sleeve  which  ex tends  

over  at  l e a s t   a  por t ion   of  the  shank  and  is  secured  there to   to  mount  t h e  

ro to r   with  the  anode.  

8.  An  x-ray  tube  as  defined  in  claim  5  wherein  the  anode  is  mounted 

to  a  ceramic  i n s u l a t o r   having  a  shank  p ro t rud ing   opposi te   the  anode,  and 

the  ro tor   casing  includes  an  outer  c y l i n d r i c a l   sleeve  which  ex tends  

over  at  l e a s t   a  por t ion   of  the  shank  and  is  secured  there to   to  mount  t h e  

ro to r   with  the  anode.  

9.  An  x-ray  tube  as  defined  in  claim  2  wherein  the  axia l   length  o f  

the  ro tor   magnet  is  g rea t e r   than  the  ax ia l   length  of  the  s t a t o r   w i t h  

the  ro tor   magnet  extending  beyond  the  ro to r   opposi te   the  anode,  whereby 
the  r o t a t i n g   anode  assembly  is  biased  into  abu t t ing   contact   with  a  
s t r u c t u r a l   stop  which  pos i t i ons   the  anode  r e l a t i v e   to  the  ca thode .  

10.  An  x-ray  tube  as  defined  in  claim  8  wherein  the  tube  enve lope  

comprises  an  end  wall  facing  the  anode,  the  end  wall  mounting  t h e  

cathode  and  the  s t r u c t u r a l   stop  aga ins t   which  the  anode  is  b i a s e d .  

11.  An  x-ray  tube  as  defined  in  c la imlo  wherein  the  s t r u c t u r a l   s t o p  
comprises  an  i n su l a t ed   stud  extending  from  the  tube  envelope  end  w a l l  

and  having  a  conductive  te rminal   at  the  free  end  t he reo f   connected  t o  

an  anode  supply  cable,   and  the  por t ion   of  the  ro to r /anode   assembly 
biased  into  contac t   with  the  terminal   is  a  conductive  p l a t e  
e l e c t r i c a l l y   connected  to  the  anode .  

12.  An  x-ray  tube  as  defined  in  claim 11  wherein  the  ro tor   is  r e c e i v e d  

in  a  cup  por t ion   of  the  tube  envelope  including  a  stud  e x t e n d i n g  

a x i a l l y   into  an  ax ia l   opening  in  the  ro to r ,   and  the  r o t a t i n g   anode 

assembly  is  r o t a t i o n a l l y   mounted  on  the  stud  by  spaced  apart   b e a r i n g s .  



1 3 .  A n   x-ray  tube  as  defined  in  claim  2  and  fu r the r   comprising  a  

sensor  for  sensing  the  pos i t i on   and/or  speed  of  the  r o t a t i n g   anode 

assembly,  whereby  the  output  of  the  sensor  can  be  used  to  control   t h e  

timing  of  pulses  to  the  DC  s t a t o r   for  c o n t r o l l i n g   the  speed  at  which  t h e  

anode  r o t a t e s   and/or  to  confirm  anode  r o t a t i o n   at  the  des i red  speed .  

14.  An  x-ray  tube  as  defined  in  claim  13  wherein  the  axia l   length  o f  

the  ro tor   magnet  is  g rea te r   than  the  axia l   length  of  the  s t a t o r ,   and  t h e  

sensor  is  a  Hall  device  pos i t ioned   outs ide   the  tube  envelope  in  the  p a t h  
of  the  ro tor   magnet.  

15.  An  x-ray  tube  as  defined  in  claim  2  wherein  the  tube  envelope  i s  
f ab r i ca t ed   of  non-ferrous   m e t a l .  

16.  An  x-ray  tube  as  defined  in  claim  15  wherein  the  tube  enve lope  
includes  a  cup  having  r e l a t i v e l y   thin  wall  portions  for  c l o s e l y  
rece iv ing   the  ro to r   and  surrounded  by  the  s t a t o r ,   and  the  remainder  o f  
the  tube  envelope  is  f ab r i ca t ed   of  coppe r .  

17.  An  x-ray  tube  as  defined  in  claim  16  wherein  the  cup  is  f a b r i c a t e d  
of  a  non-ferromagnetic  m a t e r i a l .  

1 8.  An  x-ray  tube  as  defined  in  claim  2  wherein  the  por t ion   of  t h e  

tube  envelope  wall  between  the  ro tor   and  the  s t a t o r   i s . f a b r i c a t e d   o f  

a l t e r n a t i n g   ferrous  and  non-ferrous   segments,  the  ferrous  segments 

ac t ing  as  extensions   of  the  s t a to r   to  reduce  the  e f f e c t i v e   air   gap 
between  the  s t a t o r   and  r o t o r .  

1 9  A n   x-ray  tube  as  defined  in  claim  2  wherein  the  tube  envelope  i s  

f ab r i ca t ed   of  metal  and  is  mounted  in  a  tube  housing  including  a  

gene ra l ly   c y l i n d r i c a l   s idewall   spaced  apart   from  the  tube  envelope,  and 
fu r the r   comprising  a  fan  mounted  to  flow  a i r   through  the  tube  hous ing  
for  cooling  the  tube  enve lope .  

20.  An  x-ray  tube  as  defined  in  claim  19  wherein  the  fan  is  mounted 

to  flow  a i r   on  the  por t ion   of  the  tube  envelope  opposi te   the  anode,  

whereby  cooling  is  maximized  on  the  por t ion   of  the  tube  enve lope  

rece iv ing   rad ian t   heat  from  the  anode.  



21.  An  x-ray  tube  as  defined  in  claim  19  and  fur ther   comprising 
a  f i l t e r   mounted  within  the  tube  housing  for  s l id ing  movement  i n t o  

posi t ion  over  the  window  of  the  tube  envelope.  

22.  An  x-ray  tube  as  defined  in  claim  3  wherein  the  ferrous  segments 
are  laminated  to  reduce  eddy  currents ,   and  the  tube  envelope  f u r t h e r  

comprises  a  thin  sleeve  covering  the  laminated  ferrous  segments  to  

preserve  the  i n t eg r i t y   of  the  vacuum  in  the  tube  envelope.  

23.  An  x-ray  tube  as  defined  in  claim  22  wherein  said  sleeve  i s  

fabr ica ted   of  non-ferromagnetic   m a t e r i a l .  

24.  An  x-ray  tube  as  defined  in  claim  20  wherein  the  non - fe r rous  

spacers  comprise  pins  inser ted  through  openings  in  annular  l amina t i ons  

to  align  the  laminations  during  f ab r i ca t ion   of  the  wall,  wherein  the  
laminations  are  reduced  in  radial   width  to  expose  the  non - f e r rous  

pins  in  the  f in ished  w a l l .  



25.  An  x-ray  tube  as  defined  in  claim  22  wherein  the  ro to r   comprises  

a  p l u r a l i t y   of  laminat ions  and  the  ro to r   is  encapsula ted   in  a  non-  

ferrous  casing  to  prevent  contaminat ion  of  the  evacuated  tube  enve lope .  

26.  An  x-ray  tube  as  defined  in  claim  25  wherein  the  anode  is  mounted 

to  a  ceramic  i n s u l a t o r   having  a  shank  p ro t rud ing   opposi te   the  anode,  
and  the  rotor   casing  includes  an  outer  c y l i n d r i c a l   sleeve  which  e x t e n d s  

over  at  l eas t   a  por t ion   of  the  shank  and  is  secured  the re to   to  mount 

the  ro tor   with  the  anode.  

27  An  x-ray  tube  as  defined  in  claim  26  wherein  the  ro to r   c a s i n g  
including  the  sleeve  and  the  non-fer rous   l o n g i t u d i n a l   segments  of  t h e  

ro tor   are  i n t e g r a l l y   formed  of  copper  by  a  copper  cast  p r o c e s s .  

28.  An  x-ray  tube  as  defined  in  claim  27 wherein  the  shank  of  t h e  

i n su l a to r   is  n o n - c y l i n d r i c a l   and  thereby  i n t e r l o c k s   with  the  copper  
sleeve  for  a  good  s t r u c t u r a l   connection  between  the  shank  and  t h e  

ro to r .   , 

29.  An  x-ray  tube  as  defined  in  c l a i m . 3   and  fu r the r   comprising  a  

speed  sensor  system  i n c l u d i n g :  
1.  Two  spaced  apart   ferrous  segments  deployed  in  the  t u b e  

envelope  wall  adjacent   the  r o t o r ,  
2.  a  permanent  magnet  having  one  pole  pos i t ioned   on  one  o f  

the  segments ,  
3.  a  Hall  device  pos i t ioned   on  the  other   of  the  segments ,  
4.  a  ferrous  bar  connecting  the  other  pole  of  the  magnet  w i t h  

the  Hall  device,   and 

5.  a  ferrous  ro tor   segment  deployed  to  pass  adjacent   the  two 
ferrous  wall  segments  and  close  a  flux  loop  through  t h e  
Hall  d e v i c e .  

30.  An  x-ray  tube  as  defined  in  claim  29  wherein  the  ferrous  r o t o r  

segment  comprises  a  cam  having  ferrous  l o b e s .  



31.  An  x-ray  tube  as  defined  in  claim  3  wherein  the  ro tor   i s  

received  in  a  cup  por t ion   of  the  tube  envelope  including  a  s t u d  

extending  a x i a l l y   into  an  axia l   opening  in  the  ro to r ,   and  the  r o t a t i n g  
anode  assembly  is  r o t a t i o n a l l y   mounted  on  the  stud  by  spaced  a p a r t  

bear ings   having  spring  means  deployed  therebetween,   whereby  t h e  

r o t a t i n g   anode  assembly  is  biased  into  abu t t ing   contact   with  a  

s t r u c t u r a l   stop  which  pos i t i ons   the  anode  r e l a t i v e   to  the  c a thode .  

32.  An  x-ray  tube  as  defined  in  claim  31  wherein  the  tube  envelope  

comprises  an  end  wall  facing  the  anode,  the  end  wall  mounting  t h e  

cathode  and  the  s t r u c t u r a l   stop  agains t   which  the  anode  is  b i a s e d .  

3 3 .  A n   x-ray  tube  as  defined  in  claim  32  wherein  the  s t r u c t u r a l   s t o p  

comprises  an  i n su la t ed   stud  extending  from  the  tube  envelope  end  w a l l  

and  having  a  conductive  terminal   at  the  free  end  thereof   connected  t o  

an  anode  supply  cable,   and  the  por t ion   of  the  ro tor /anode   assembly  
biased  into  contact   with  the  terminal   is  a  conductive  p l a t e  

e l e c t r i c a l l y   connected  to  the  anode.  

34.  An  x-ray  tube  as  defined  in  claim  3  wherein  the  tube  envelope  i s  

f a b r i c a t e d   of  metal  and  is  mounted  in  a  tube  housing  including  a  

gene ra l ly   c y l i n d r i c a l   s idewall   spaced  apart   from  the  tube  envelope,  and 
fu r the r   comprising  a  fan  mounted  to  flow  a i r   through  the  tube  hous ing  
for  cooling  the  tube  enve lope .  

35.  An  x-ray  tube  as  defined  in  claim  34 wherein  the  fan  is  mounted 

to  flow  a i r   on  the  por t ion   of  the  tube  envelope  opposi te   the  anode ,  

whereby  cooling  is  maximized  on  the  por t ion  of  the  tube  enve lope  

rece iv ing   rad ian t   heat  from  the  anode .  

36.  An  x-ray  tube  as  defined  in  claim  34  and  fu r the r   comprising  a  
f i l t e r   mounted  within  the  tube  housing  for  s l i d ing   movement  i n t o  

pos i t i on   over  the  window  of  the  tube  enve lope .  



37.  An  x-ray  tube  as  claimed  in  at  least   one  of  the  preceeding  
claims  comprising  a  meLal  Lube  envelope  and  terminal  means  f o r  
connecting  power  supply  cables  to  the  anode  and  cathode,  i n c l u d i n g :  

A.  An  i n s u l a t i n g   stud  sealed  to  and  extending  through  t h e  

gene ra l ly   f l a t   end  wall  of  the  tube  envelope,  the  i n s u l a t i n g  
stud  having  a  f l a t   surface  pe rpend icu la r   to  the  end  wall  on 
the  outs ide   of  the  tube  enve lope ;  

B.  plug  r e cep t ac l e s   mounted  in  the  f l a t   surface  of  the  stud,  and 

wire  means  embedded  in  the  stud  and  extending  from  the  p l u g  

r ecep t ac l e s   to  the  i n t e r i o r   of  the  tube  for  connect ion  w i t h  
the  anode  or  c a t h o d e ;  

C..  metal  shie ld   means  secured  to  the  tube  end  wall ,   the  me ta l  

shield  having  a  f i r s t   end  surrounding  the  p ro t rud ing   stud  and 

a  second  open  end  spaced  apart   t he re f rom;  
D.  i n s u l a t i n g   ma te r i a l   within  the  metal  sh ie ld   and  def in ing   an  

opening  extending  from  the  f l a t   surface  of  the  i n s u l a t i n g  
stud  to  the  open  end  of  the  metal  sh ie ld ;   and 

E.  a  terminal   end  f i t t i n g   r ece iv ing   the  supply  cable  and 

including  pins  extending  from  the  end  the reof ,   the  t e r m i n a l  

end  being  sized  to  f i t   into  the  opening  in  the  i n s u l a t i n g  
mate r ia l   with  the  pins  received  in  the  plug  r e c e p t a c l e s .  

38.  An  improvement  in  x-ray  tubes  as  defined  in  claim  37  wherein  a  
small  air   path  is  defined  leading  from  the  f l a t   face  of  the  stud  to  t h e  

e x t e r i o r   of  the  metal  sh ie ld ,   whereby  a i r   escapes  from  the  opening  i n  

the  i n s u l a t i n g   mate r ia l   as  the  terminal   end  f i t t i n g   is  i n s e r t e d  

t h e r e i n .  












