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Description 

The  present  invention  relates  to  a  shield  for  reducing  the  stray  fields  in  the  vicinity  of  a  magnetic  resonance 
magnets  according  to  the  first  part  of  claim  1  and  4,  respectively.  Such  shield  is  known  from  EP-B1-0  067  933. 

5  Magnetic  resonance  (MR)  magnets  used  in  medical  diagnostics  generate  high  intensity  dc  magnetic  fields. 
Installations  of  MR  equipment,  where  practicable,  is  located  in  a  separate  building  in  an  open  area.  In  hospitals 
located  in  crowded  metropolitan  areas  where  space  is  at  a  premium,  it  is  desirable  to  have  as  little  disturbance 
to  other  hospital  facilities  as  possible.  Without  special  shielding  a  50  foot  area  surrounding  a  1.5  Tesla  MR 
magnet  (1  Tesla  =  10  kilogauss)  is  needed  to  assure  a  minimum  of  interference  with  other  diagnostic  equipment 

10  and  patients  with  cardiac  pacemakers  and  neuro  stimulators. 
To  reduce  the  space  requirements,  shielded  rooms  are  erected  surrounding  the  MR  machines.  The  shield- 

ing  has  to  be  designed  for  the  particular  room  shape  and  the  shielding  typically  creates  structural  loading  prob- 
lems,  since  shielding  can  weigh  50  tons  for  a  1.5  T  MR  magnet. 

Another  concern  with  situating  an  MR  magnet  is  the  effect  the  surrouding  structural  environment  has  on 
15  the  field  homogeneity  within  the  magnets  working  volume.  A  ferromagnetic  body  placed  in  the  vicinity  of  an 

MR  magnet  will  attract  flux  lines  and  this  can  be  used  to  shield  an  external  region  from  the  stray  field.  However, 
the  existence  of  the  ferromagnetic  body  affects  the  distribution  of  flux  lines  throughout  the  space  and  will, 
therefore,  affect  the  field  homogeneity  in  the  working  volume.  A  nonuniform  field  in  the  working  volume  of 
the  magnet  is  highly  undesirable  since  it  degrades  the  quality  of  the  images  produced  by  the  MR  machine. 

20  Forthe  prior  art  shield  above  mentioned  EP-B1  -0  067  933  suggests  that  the  influence  of  a  stable  cylindrical 
sleeve  of  iron  surrounding  and  carrying  the  coil  arrangement  on  the  homogeneity  of  the  magneticfield  existing 
in  the  interior  of  the  coil  arrangement  is  compensated  by  the  dimensioning  of  the  field  and  correction  coils. 

FI-A-842  589  describes  a  cylindrical  MR  magnet  surrounded  by  four  shield  plates  leaving  gapes  between 
their  longitudinal  edges.  The  plates  are  secured  to  one  end  plate  at  each  end  face  of  the  magnet.  The  end 

25  plates  have  each  a  central  opening  which  can  be  reduced  by  annular  shims. 
It  is  an  object  of  the  present  invention  to  provide  an  MR  magnet  shield  to  reduce  the  stray  field  using  the 

least  amount  of  ferromagnetic  shield  material. 
It  is  a  further  object  of  the  present  invention  to  provide  an  MR  magnet  shield  which  uses  the  least  amount 

of  ferromagnetic  shield  material  and  at  the  same  time  minimizes  the  shield's  effect  on  the  field  homogeneity 
30  in  the  working  volume  in  the  MR  magnet. 

It  is  a  still  further  object  of  the  present  invention  to  provide  an  MR  magnet  shield  suitable  for  retrofitting 
on  the  magnets  of  existing  MR  machines. 

It  is  another  object  of  the  present  invention  to  provide  an  MR  magnet  shield  that  desensitizes  the  magnet 
from  the  presence  of  ferromagnetic  material  in  the  vicinity  of  the  MR  magnet  such  as  building  structural  sup- 

35  ports. 
It  is  another  object  of  the  present  invention  to  reduce  the  attractive  force  on  magnetizable  object  in  the 

vicinity  of  the  MR  magnet,  thereby  reducing  or  eliminating  the  uncontrolled  accelerating  motion  of  these  objects 
towards  the  MR  magnet. 

40  Summary  of  the  Invention 

According  to  the  present  invention,  as  claimed,  a  shield  for  an  MR  magnet  is  provided  comprising  a  cylin- 
drical  shell  of  magnetic  material  surrounding  the  MR  magnet.  The  cylindrical  shell  is  situated  so  that  its  long- 
itudinal  axis  is  coaxial  with  the  magnetic  axis  of  the  MR  magnet.  Two  disk  shape  end  caps  of  magnetic  material 

45  are  secured  to  either  end  of  the  cylindrical  shell.  The  end  caps  each  define  a  central  aperture  extending  long- 
itudinally  through  the  disk,  with  the  radial  extent  of  each  of  the  apertures  sized  so  that  the  perturbation  of  the 
field  in  the  working  area  of  the  MR  magnet  due  to  the  cylindrical  shell  is  compensated  for. 

Brief  description  of  the  drawings 
50 

While  the  specification  concludes  with  claims  particularly  pointing  out  and  distinctly  claiming  the  present 
invention,  the  objects  and  advantages  of  the  invention  can  be  more  readily  ascertained  from  the  following  de- 
scription  of  preferred  embodiments  when  used  in  conjunction  with  the  accompanying  drawing  in  which: 

Figure  1  is  a  partially  cut  away  perspective  view  of  one  embodiment  of  a  ferromagnetic  shield  surrounding 
55  an  MR  magnet  in  accordance  with  the  present  invention; 

Figure  2  is  a  partial  cutaway  end  view  of  the  ferromagnetic  shield  and  MR  magnet  of  Figure  1  ; 
Figures  3Aand  3B  are  graphs  showing  the  stray  field  surrounding  an  unshielded  1.5  Tesla  MR  magnet 
and  a  1.5  Tesla  MR  magnet  shielded  in  accordance  with  the  present  invention,  respectively; 
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Figure  4  is  a  graph  showing  field  inhomogeneity  in  the  working  volume  as  a  function  of  axial  position  for 
1  .5  Tesla  MR  magnet  without  a  shield,  a  1  .5  Tesla  magnet  with  a  cylindrical  shield  without  end  caps  and 
a  1.5  Tesla  MR  magnetic  with  a  cylindrical  shield  with  end  caps,  before  any  of  the  working  fields  have 

5  been  corrected  by  adjusting  coils; 
Figures  5A-D  are  graphs  of  the  eighth,  sixth,  fourth  and  second  spherical  harmonic  coefficients,  respec- 
tively,  at  the  origin  of  a  shielded  0.8T  MR  magnet,  plotted  as  a  function  of  shield  access  hole  radius  for  a 
0.8T  MR  magnet; 
Figures  6A  and  B  are  graphs  showing  field  inhomogeneity  for  different  size  shield  cap  openings  plotted 

10  as  a  function  of  the  axial  and  radial  dimensions,  respectively; 
Figure  7  is  a  perspective  view  of  another  embodiment  of  a  ferromagnetic  shield  for  an  MR  magnet  in  ac- 
cordance  with  the  present  invention. 
Figure  8  is  a  sectional  isometric  view  of  a  double  ferromagnetic  shield  for  a  magnetic  resonance  magnet 
in  accordance  with  the  present  invention; 

15  Figures  9Aand  B  show  the  extent  of  the  five  and  ten  gauss  stray  field  levels  for  a  double  (inner  and  outer 
shield)  and  single  shield  (inner  shield  only)  configuration,  respectively,  of  Figure  8;  and 
Figure  10  shows  the  perturbation  of  the  working  volume  for  the  single  and  double  shield  configuration  of 
Figure  8. 

20  Detailed  description  of  the  invention 

Referring  now  to  the  drawing  wherein  like  reference  numerals  indicate  like  elements  throughout,  and  par- 
ticularly  Figures  1  and  2  thereof,  one  embodiment  of  a  shield  9  for  an  MR  magnet  is  shown  surrounding  an 
MR  magnet  11.  The  magnet  can  be  of  any  type  including  resistive,  low  temperature,  or  superconducting.  The 

25  shield  comprises  a  cylindrical  shell  fabricated  with  staves  13  of  magnetic  material  such  as  low  carbon  steel  or 
ingot  iron  affixed  to  disk  shaped  end  caps  of  magnetic  material  15.  Alternatively,  the  shell  can  be  fabricated 
from  rolled  sheets  welded  together.  Each  stave  comprises  a  plurality  of  half  inch  plates  of  magnetic  material. 
The  plates  are  joined  together  such  as  by  tack  welding  with  the  plates  arranged  to  conform  with  the  curvature 
of  the  end  caps.  The  ends  of  the  staves  are  machined  to  assure  a  good  fit  with  the  end  cap  face.  Each  of  the 

30  end  caps  15  are  made  up  of  two  segmented  disks,  a  smaller  diameter  disk  15a  and  a  larger  diameter  disk  15b 
concentrically  joined  to  one  another  using  bolts  17.  The  smaller  and  larger  disk  shaped  end  caps  each  comprise 
segments  of  magnetic  material  such  as  ingot  iron  or  low  carbon  steel.  The  joints  of  the  larger  and  smaller  di- 
ameter  disks  staggered  relative  to  one  another.  The  larger  diameter  disk  forms  a  flange  extending  around  the 
periphery  of  the  smaller  diameter  disk.  Circumferentially  arranged  bolt  holes  extend  axially  through  the  larger 

35  diameter  disk  and  align  with  tapped  holes  in  the  stave  ends.  The  staves  rest  on  the  periphery  of  the  smaller 
diameter  disks  and  are  securely  joined  to  the  inside  faces  of  the  larger  disks  using  bolts  19.  The  disk  shaped 
end  caps  define  a  central  aperture  extending  longitudinally  through  the  end  caps.  The  diameter  of  the  aperture 
is  at  least  as  great  as  the  bore  of  the  magnet  11  and  does  not  interfere  with  access  to  the  working  space  inside 
the  bore  of  the  magnet. 

40  For  a  1  .5  Tesla  superconducting  magnet,  an  example  of  the  shield  geometry  using  ingot  iron  is: 

Inner  radius  of  cylindrical  shell  1.1  meters 
Axial  length  of  cylindrical  shell  2.8  meters 
Thickness  of  shell  .1  meter 

45  Access  hole  radius  in  end  cap  .71  meter 
End  cap  thickness  .1  meter. 

Spacing  from  the  exterior  of  the  MR  magnet  to  the  inner  diameter  is  approximately  1  0  centimeters. 
The  magnet  11  rests  on  two  cradles  21  of  nonmagnetic  material  such  as  austenetic  stainless  steel  or  alu- 

50  minum.  The  two  cradles  are  longitudinally  spaced  apart  and  situated  under  the  cylindrical  magnet.  The  cradle 
includes  struts  23  which  are  welded  between  a  base  plate  25  and  a  saddle  27.  The  struts  23  extend  between 
the  staves  13  of  the  shield  9.  Two  longitudinally  extending  nonmagnetic  channels  29  join  the  front  and  back 
base  plates.  The  channels  extend  beyond  the  base  plates  of  the  cradles  allowing  vertical  adjustment  of  the 
magnet  relative  to  the  shield.  Two  longitudinal  channels  31  join  the  front  and  back  strut  portions  on  either  side 

55  to  allow  for  lateral  adjustment  of  the  magnet  relative  to  the  shield. 
The  lower  segment  of  each  of  the  large  diameter  end  caps  15b  each  have  two  horizontally  extending  sup- 

port  sections  33,  each  of  which  are  secured  to  a  block  of  nonmagnetic  material  35  such  as  by  bolting.  The  blocks 
of  material  in  turn  rests  on  two  longitudinally  extending  I  beams  37.  Each  I  beam  supporting  one  side  of  each 
of  the  large  diameter  end  plates.  The  I  beams  are  each  supported  on  either  end  on  base  plates  39  to  spread 
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the  load  of  the  shield. 
The  magnet  is  movable  relative  to  the  shield  which  is  fixed.  The  magnet  is  adjusted  so  that  the  longitudinal 

axes  of  the  magnet  is  coaxial  with  the  magnetic  axis  of  the  MR  magnet.  The  magnetic  axis  is  defined  as  a  line 
5  in  space  across  which  the  flux  density  does  not  change. 

The  operation  of  the  shield  of  Figure  1  will  now  be  explained.  The  stray  field  for  a  1.5  Tesla  MR  magnet 
adjusted  with  compensating  coils  to  achieve  a  uniform  field  in  the  working  volume  is  shown  in  Figure  3A.  The 
MR  magnet  is  a  solenoidal  type  and  the  field  is  measured  from  the  center  of  the  working  volume.  The  R  di- 
rection  extends  radially  from  the  center  of  the  working  volume  of  the  magnet  and  the  Z  direction  extends  long- 

10  itudinally  from  the  magnet  and  also  is  measured  from  the  center  of  the  working  space.  A  field  strength  of  1 
gauss  can  cause  interference  with  the  operation  of  PET  scanners,  CT  scanners  and  color  televisions.  Athree 
gauss  field  can  cause  interference  with  the  operation  of  metal  detectors.  A  five  gauss  field  can  cause  inter- 
ference  with  the  operation  of  cardiac  pacemakers  and  neuro  stimulators.  A  10  gauss  field  can  cause  interfer- 
ence  with  the  operation  of  X-ray  tubes  and  the  magnetic  resonance  scanners  main  computer  and  image  proc- 

15  essor.  A  30  gauss  field  can  cause  interference  with  the  remote  console  used  with  a  magnetic  resonance  scan- 
ner.  As  a  point  of  reference  the  earth's  magnetic  field  is  a  0.5  gauss. 

Astray  field  reduction  is  achieved  by  surrounding  the  magnet  with  a  shell  of  ferromagnetic  material.  The 
ferromagnetic  material  attracts  lines  of  flux  which  reduce  the  amount  of  flux  passing  through  the  air  outside 
the  shield.  The  MR  magnet  provides  a  uniform  dc  field  with  the  north  and  south  poles  at  opposite  axial  ends 

20  of  the  magnets.  Lines  of  flux  pass  from  the  north  pole  of  the  magnet  radially  through  the  end  cap  and  then 
in  the  axial  direction  through  the  cylinder  and  radially  through  the  opposite  end  cap  to  the  south  pole  of  the 
magnet.  Other  lines  of  flux  pass  directly  into  the  shell  and  then  in  an  axial  direction  and  then  back  to  the  magnet. 
The  gap  between  the  stave  ends  and  the  flange  is  along  the  flux  path,  but  since  the  stave  ends  are  machined, 
leakage  field  is  small.  The  leakage  field  can  further  be  reduced  using  a  filler  material  having  suspended  iron 

25  particles.  The  gaps  between  adjacent  staves  is  not  a  problem  since  the  flux  does  not  flow  circumferentially  in 
the  cylindrical  shell.  The  shield  magnetic  material  saturates  in  the  presence  of  the  magnetic  field  generated 
by  the  MR  magnet. 

The  graph  of  Figure  3B  shows  the  field  in  the  axial  and  radial  direction  with  the  shield  in  place  and  the 
compensating  coils  adjusted  for  a  uniform  field. 

30  The  shield  saturates  during  operation  of  the  magnet.  The  presence  of  the  cylindrical  shell  reduces  the  stray 
field  but  at  the  same  time  introduces  perturbations  in  the  working  volume. 

Referring  now  to  Figure  4,  it  can  be  seen  that  the  inhomogeneity  of  the  field  measured  from  the  center 
of  the  working  volume  in  the  axial  direction  without  the  cylindrical  shell  and  before  the  adjusting  coils  are  used, 
worsens  when  the  shield  without  the  disk  shaped  end  caps  surround  the  magnet.  The  change  in  the  inhomo- 

35  geneity  when  the  end  caps  are  added,  however,  changes  the  polarity  of  the  introduced  inhomogeneity.  The 
inhomogeneity  is  shown  with  end  caps  having  an  aperture  less  than  the  optimum  size.  It  has  been  found  that 
as  the  radius  of  the  aperture  increases,  the  inhomogeneity  first  decreases  and  then  increases  in  the  opposite 
direction  to  the  limiting  case  of  no  end  caps  at  all.  Therefore,  by  properly  adjusting  the  radial  extent  of  the  aper- 
ture,  the  perturbation  introduced  by  the  cylindrical  shell  alone  can  be  compensated  for.  After  the  cylindrical 

40  shell  and  end  caps  have  been  installed  around  an  MR  magnet,  final  adjustments  can  be  made  by  using  ad- 
justing  coils  in  a  manner  similar  to  that  used  in  setting  up  an  MR  magnet  initially. 

Since  proper  selection  of  the  radius  of  the  aperture  can  result  in  less  inhomogeneity  than  without  a  shield, 
the  ratings  of  the  adjusting  coils  of  the  retrofitted  machine  can  easily  provide  compensating  currents  in  the 
adjusting  coils  within  their  originally  designed  capability. 

45  Referring  now  to  Figures  5A-D  spherical  harmonic  coefficients  at  the  origin  of  a  shielded  0.8T  MR  magnet 
plotted  as  a  function  of  the  end  cap  openings.  The  shield  around  the  MR  magnet  is  5  inches  thick  and  does 
not  saturate  during  magnet  operation.  The  spherical  harmonic  coefficients  when  combined  give  the  field  in- 
homogeneity  in  the  field.  The  odd  harmonic  ciefficients  cancel  one  another  and  the  higher  the  even  numbered 
coefficients  generally  the  smaller  contribution  to  the  field  inhomogeneity. 

so  Referring  now  to  Figures  6Aand  6B  field  inhomogeneity  in  parts  per  million  along  the  axis  and  radially, 
respectively,  are  shown  for  two  end  cap  opening  radii  for  a  0.8T  MR  magnet  having  a  thickness  of  5  inches. 
It  can  be  seen  that  end  cap  opening  of  26  inches  minimizes  field  inhomogeneities  along  the  magnet  axis  and 
in  the  radial  direction.  Referring  back  to  the  harmonic  coefficients  of  Figures  5A-D  and  end  cap  radius  of  26 
inches  is  seen  to  minimize  the  sum  of  the  harmonic  coefficients  at  the  origin.  Thus  whetheror  not  the  cylindrical 

55  shell  with  end  caps  is  thick  or  thin,  adjusting  the  radial  extent  of  the  end  cap  apertures  can  compensate  for 
the  perturbation  of  the  field  in  the  working  area  of  the  MR  magnet  due  to  the  cylindrical  shell. 

Referring  now  to  Figure  7,  the  total  weight  of  the  shield  41  can  be  minimized  by  ensuring  that  each  part 
of  the  shield  participates  equally  in  diverting  flux  away  from  the  external  environment.  This  is  achieved  by  hav- 
ing  a  variable  thickness  cylindrical  shell.  The  shell  thickness  is  thicker  in  the  central  portion,  since  more  flux 
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is  carried  in  the  shield  in  that  section  with  a  reduction  in  shell  thickness  in  the  portions  of  the  shell  further 
away  from  the  center.  The  shield  can  be  fabricated  using  staves  comprising  half  inch  ingot  iron  plates  or  low 
carbon  steel  plates  having  the  desired  profile  and  secured  in  the  same  manner  as  the  plates  shown  in  Figure 

5  1. 
Referring  now  to  Figure  8  another  embodiment  of  the  present  invention  is  shown.  An  inner  cylindrical  shell 

with  end  caps  45  is  shown  for  situating  around  an  MR  magnet  so  that  the  longitudinal  axis  of  the  cylindrical 
shell  and  the  magnetic  axis  of  an  MR  magnet  are  coaxial.  The  inner  shell  is  sized  so  that  it  can  be  in  close 
proximity  (approximately  10  cm,  for  example)  all  around  the  MR  magnet.  The  inner  cylindrical  shell  is  of  variable 

10  thickness,  having  a  central  portion  47  in  the  longitudinal  direction  thicker  than  the  end  portion  of  the  shell.  An 
outer  cylindrical  shell  49  without  end  caps  surrounds  the  inner  cylindrical  shell  and  is  coaxial  therewith.  The 
inner  and  outer  shell  can  be  fabricated  of  ferromagnetic  material  such  as  ingot  iron  or  low  carbon  steel  from 
rolled  sheets  welded  together.  Alternatively,  the  innershell  can  be  fabricated  of  variable  thickness  staves  bolted 
to  small  and  large  diameter  disks  as  shown  in  Figure  1.  The  outer  shell  can  be  formed  of  curved  longitudinal 

15  sections  of  ingot  iron  or  low  carbon  steel  joined  together  by  splice  plates. 
For  a  0.5T  magnet  the  extent  of  the  stray  field  5  gauss  line  can  be  reduced  from  6.2  meters  to  1.5  meters, 

for  example,  with  a  double  field  having  the  following  dimensions. 

Inner  shield 
20 

Inner  radius  of  cylindrical  shell  100  cm 
Axial  length  of  cylindrical  shell  244  cm 
Thickness  of  central  portion  of  shell  5  cm 
Longitudinal  extent  of  thicker  central  portion  162  cm 
Thickness  of  end  caps  and  end  portions  of  shell  3  cm 

25  Access  hole  radius  in  end  caps  65  cm 
Spacing  from  the  exterior  of  the  MR  magnet  to  the  inner 

diameter  is  approximately  10  centimeters 
Inner  shield  weight  13,800  lbs 

30 

35 

Outer  shield 

Distance  between  inner  and  outer  shells  50  cm 
Axial  length  of  cylindrical  shell  244  cm 
Thickness  of  shell  1  cm 
Outer  shield  weight  4,100  lbs 

In  operation  the  inner  shell  carries  as  much  of  the  flux  generated  by  the  MR  magnet  consistent  with  a 
weight  optimized  design.  The  weight  optimized  design  requires  the  inner  shell  to  be  saturated  with  each  part 
of  the  shield  participating  equally  in  diverting  flux  away  from  the  external  environment  by  using  a  variable  thick- 
ness  shield  with  a  thicker  shield  where  the  amount  of  flux  passing  through  the  shield  at  that  location  is  greater. 

40  The  outer  shell  is  spaced  apart  from  the  innershell  at  a  distance  sufficient  to  keep  the  flux  passing  through 
the  inner  shell  to  be  diverted  to  the  outer  shell.  The  outer  shell  thickness  is  chosen  so  that  it  saturates  during 
operation.  The  outer  shell  carrier  additional  flux,  reducing  the  five  gauss  line  surrounding  the  magnet. 

Perturbation  to  the  working  volume  is  reduced  by  situating  the  shield  so  that  the  longitudinal  axis  of  the 
shield  and  the  magnetic  axis  of  the  magnet  are  coaxial.  The  radial  extent  of  the  central  aperture  in  each  end 

45  cap  is  adjusted  to  compensate  for  the  perturbation  introduced  by  the  cylindrical  shields  alone. 
Referring  now  to  Figures  9Aand  B,  the  extent  of  the  five  and  ten  gauss  stray  field  levels  is  shown  for  the 

double  (inner  and  outer  cylindrical  shell)  and  single  shield  (inner  cylindrical  shell  only)  configuration,  respec- 
tively,  for  the  dimensions  previously  given. 

The  perturbation  in  the  working  volume  is  shown  in  Figure  10.  Two  values  are  given  at  each  point  in  this 
so  figure  corresponding  to  the  single  and  double  shield  configurations.  Analysis  shows  that  the  total  inhomoge- 

neity  in  the  working  volume  can  be  reduced  to  two  parts  per  million  down  from  sixty  five  by  the  use  of  shimming 
currents  not  exceeding  sixteen  amperes. 

The  effect  of  including  or  removing  the  outer  shield  is  seen  to  be  only  a  two  parts  per  million  variation  in 
a  total  peak-to-peak  inhomogeneity  of  sixty  five  parts  per  million.  This  means  that  removal  of  the  outer  shield, 

55  where  environmental  conditions  permit,  has  a  negligible  effect  on  the  conditions  inside  the  working  volume. 
A  single  setting  of  the  shim  currents  should  be  sufficient  for  the  shield  configuration  of  Figure  8  whether  it  is 
single  or  double.  The  double  shield  configuration  therefore  gives  an  MR  magnet  added  siting  flexibility. 

The  foregoing  describes  a  shield  for  an  MR  magnet  which  reduces  the  stray  field  using  the  least  amount 
of  ferromagnetic  material  while  at  the  same  time  minimizing  the  effect  of  the  shield  on  the  field  inhomogeneity 
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in  the  working  volume  of  the  MR  magnet. 

Claims 

1.  Ashield  (9)  for  a  cylindrical  MR  magnet  (11)  having  a  cylindrical  shell  (e.g.,  13)  of  magnetic  material  sur- 
rounding  the  MR  magnet,  the  shell  being  situated  so  that  its  longitudinal  axis  is  coaxial  with  the  magnetic 
axis  of  the  MR  magnet,  the  MR  magnet  defining  an  axially  extending  bore  containing  the  working  volume 
of  the  magnet, 

characterized  by: 
two  disc  shaped  end  caps  (15a,  15b)  of  magnetic  material  secured  to  either  end  of  the  cylindrical 

shell,  each  end  cap  having  a  central  aperture  extending  longitudinally  through  each  disc,  the  radial  extent 
of  the  aperture  being  sized  so  that  perturbation  of  the  magnetic  field  in  the  working  volume  due  to  the 
shell  is  compensated;  and 

the  thickness  in  the  radial  direction  of  the  cylindrical  shell  (41)  is  greater  in  the  central  portion  as 
measured  in  the  longitudinal  direction  and  decreases  towards  either  end  of  the  shell  so  that  the  shell  thick- 
ness  is  greater  where  the  field  density  is  high  and  less  thick  where  the  field  density  is  lower. 

2.  The  shield  of  claim  1  characterized  in  that  the  shell  has  a  radial  thickness  such  that  the  shell  saturates 
during  magnet  operation. 

3.  The  shield  of  claim  1  characterized  in  that  the  shell  comprises  longitudinally  extending  plates  (13),  each 
end  of  the  plates  secured  circumferentially  about  the  end  caps. 

4.  Ashield  (9)  for  a  cylindrical  MR  magnet  (11)  having  a  cylindrical  shell  (e.g.,  13)  of  mangetic  material  sur- 
rounding  the  MR  manget,  the  shell  being  situated  so  that  its  longitudinal  axis  is  coaxial  with  the  mangetic 
axis  of  the  MR  magnet,  the  MR  magnet  defining  an  axially  extending  bore  containing  the  working  volume 
of  the  magnet, 

characterized  by: 
an  inner  cylindrical  shell  (13)  of  magnetic  material  surrounding  the  magnet,  the  inner  cylindrical 

being  situated  so  that  its  longitudinal  axis  is  coaxial  with  the  magnetic  axis  of  the  MR  magnet; 
two  disc  shaped  end  caps  (45;  15a,  15b)  of  magnetic  material  secured  to  either  end  of  the  cylin- 

drical  shell,  each  end  cap  having  a  central  aperture  extending  longitudinally  through  each  disc,  the  radial 
extent  of  the  aperture  being  sized  so  that  perturbation  of  the  magnetic  field  in  the  working  volume  due 
to  the  shell  is  compensated; 

an  outer  cylindrical  shell  (49)  of  mangetic  material  radially  spaced  from  and  surrounding  the  inner 
cylindrical  shell  and  coaxial  with  the  inner  shell;  and 

the  thickness  in  the  radial  direction  of  the  cylindrical  innershell  (41)  is  greater  in  the  central  portion 
(47)  as  measured  in  the  longitudinal  direction  and  decreases  toward  either  end  of  the  innershell  so  that 
the  innershell  thickness  is  greater  where  the  field  intensity  is  high  and  less  thick  where  the  field  intensity 
is  lower. 

5.  The  shield  of  claim  4  characterized  in  that  the  inner  shell  saturates  during  operation. 

6.  The  shield  of  claim  5  characterized  in  that  the  radial  spacing  of  the  outer  shell  (49)  is  such  that  during 
magnet  operation  the  flux  passing  through  the  inner  shell  is  not  diverted  to  the  outer  shell. 

7.  The  shield  of  claim  6  characterized  in  that  the  outer  shell  (49)  has  a  radial  thickness  such  that  the  outer 
shell  saturates  during  mangnet  operation. 

8.  The  shield  of  claim  1  or  4  characterized  in  that  the  two  end  caps  are  of  different  diameters. 

9.  The  shield  of  claim  8  characterized  in  that  the  two  end  caps  are  secured  to  each  other  and  the  shell  is 
secured  circumferentially  to  the  larger  diameter  end  cap. 

Patentanspruche 

1.  Abschirmung  (9)  fur  einen  zylindrischen  MR-Magneten  (11)  mit  einem  zylindrischen  Mantel  (z.B.  13)  aus 
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magnetischem  Material,  der  den  MR-Magneten  umgibt,  wobei  der  Mantel  so  angeordnet  ist,  dali  seine 
Langsachse  mit  der  magnetischen  Achse  des  MR-Magneten  koaxial  ist,  wobei  der  MR-Magnet  eine  axial 
verlaufende  Bohrung  bildet,  die  das  Arbeitsvolumen  des  Magneten  enthalt, 
gekennzeichnet  durch: 

-  zwei  scheibenformige  Endkappen  (15a,  15b)  aus  magnetischem  Material,  die  an  einem  jeweiligen 
Ende  des  zylindrischen  Mantels  befestigtsind,  wobei  jede  Endkappe  eine  Mitteloffnung  aufweist,  die 
sich  longitudinal  durch  jede  Scheibe  erstreckt,  wobei  die  radiale  Ausdehnung  der  Offnung  so  bemes- 
sen  ist,  dali  die  Durchdringung  des  Magnetfeldes  in  dem  Arbeitsvolumen  aufgrund  des  Mantels  kom- 
pensiert  ist;  und 

-  die  Dicke  des  zylindrischen  Mantels  (41)  in  der  radialen  Richtung  in  dem  Mittelabschnitt  grolier  ist 
als  sie  in  longitudinaler  Richtung  gemessen  ist  und  in  Richtung  auf  jedes  Ende  des  Mantels  abnimmt, 
so  dali  die  Manteldicke  grolier  ist,  wo  die  Felddichte  hoch  ist,  und  wenigerdick  ist,  wo  die  Felddichte 
kleiner  ist. 

Abschirmung  nach  Anspruch  1,  dadurch  gekennzeichnet,  dali  der  Mantel  eine  derartige  radiale  Dicke  hat, 
dali  der  Mantel  wahrend  des  Magnet  betriebes  gesattigt  wird. 

Abschirmung  nach  Anspruch  1,  dadurch  gekennzeichnet,  dali  der  Mantel  sich  longitudinal  erstreckende 
Platten  (13)  aufweist,  deren  jeweilige  Enden  in  Umfangsrichtung  urn  die  Endkappen  herum  befestigtsind. 

Abschirmung  (9)  fur  einen  zylindrischen  MR-Magneten  (11)  mit  einem  zylindrischen  Mantel  (z.B.  13)  aus 
magnetischem  Material,  der  den  MR-Magneten  umgibt,  wobei  der  Mantel  so  angeordnet  ist,  dali  seine 
Langsachse  mit  der  magnetischen  Achse  des  MR-Magneten  koaxial  ist,  wobei  der  MR-Magnet  eine  axial 
verlaufende  Bohrung  bildet,  die  das  Arbeitsvolumen  des  Magneten  enthalt, 
gekennzeichnet  durch: 

-  einen  inneren  zylindrischen  Mantel  (13)  aus  magnetischem  Material,  der  den  MR-Magneten  umgibt, 
wobei  der  innere  zylindrische  Mantel  so  angeordnet  ist,  dali  seine  Langsachse  koaxial  mit  der  ma- 
gnetischen  Achse  des  MR-Magneten  ist, 

-  zwei  scheibenformige  Endkappen  (45;  15a,  15b)  aus  magnetischem  Material,  dieaneinem  jeweiligen 
Ende  des  zylindrischen  Mantels  befestigtsind,  wobei  jede  Endkappe  eine  Mitteloffnung  aufweist,  die 
sich  longitudinal  durch  jede  Scheibe  erstreckt,  wobei  die  radiale  Ausdehnung  der  Offnung  so  bemes- 
sen  ist,  dali  die  Durchdringung  des  Magnetfeldes  in  dem  Arbeitsvolumen  aufgrund  des  Mantels  kom- 
pensiert  ist; 

-  einen  aulieren  zylindrischen  Mantel  (49)  aus  magnetischem  Material,  der  mit  radialem  Abstand  von 
und  den  inneren  zylindrischen  Mantel  umgebend  angeordnet  ist  und  koaxial  mit  dem  inneren  Mantel 
ist;  und 

-  die  Dicke  des  inneren  zylindrischen  Mantels  (41)  in  der  radialen  Richtung  in  dem  Mittelabschnitt  (47) 
grolier  ist  als  sie  in  longitudinaler  Richtung  gemessen  ist  und  in  Richtung  auf  jedes  Ende  des  inneren 
Mantels  abnimmt,  so  dali  die  Dicke  des  inneren  Mantels  grolier  ist,  wo  die  Feldintensitat  hoch  ist, 
und  weniger  dick  ist,  wo  die  Feldintensitat  kleiner  ist. 

Abschirmung  nach  Anspruch  4,  dadurch  gekennzeichnet,  dali  der  innere  Mantel  wahrend  des  Betriebes 
gesattigt  wird. 

Abschirmung  nach  Anspruch  5,  dadurch  gekennzeichnet,  dali  der  radiale  Abstand  des  aulieren  Mantels 
(49)  so  ist,  dali  wahrend  des  Mag  net  betriebes  der  durch  den  inneren  Mantel  hindurchtretende  Fluli  nicht 
zu  dem  aulieren  Mantel  abgeleitet  wird. 

Abschirmung  nach  Anspruch  6,  dadurch  gekennzeichnet,  dali  der  auliere  Mantel  (49)  eine  derartige  ra- 
diale  Dicke  hat,  dali  der  auliere  Mantel  wahrend  des  Magnetbetriebes  gesattigt  wird. 

Abschirmung  nach  Anspruch  1  oder4,  dadurch  gekennzeichnet,  dali  die  zwei  Endkappen  unterschiedli- 
che  Durchmesser  haben. 

Abschirmung  nach  Anspruch  8,  dadurch  gekennzeichnet,  dali  die  zwei  Endkappen  aneinander  befestigt 
sind  und  der  Mantel  in  Umfangsrichtung  an  der  den  grolieren  Durchmesser  aufweisenden  Endkappe  be- 
festigt  ist. 
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Revendications 

1.  Blindage  (9)  pour  aimant  MR  (11)  cylindrique,  comprenant  une  coquille  cylindrique  (par  exemple  13)  en 
materiau  magnetique  qui  entoure  I'aimant  MR,  cette  coquille  etant  situee  de  sorte  que  son  axe  longitudinal 
soit  coaxial  a  I'axe  magnetique  de  I'aimant  MR,  I'aimant  MR  def  inissant  un  trou  qui  s'etend  axialement  et 
qui  contient  le  volume  de  travail  de  I'aimant,  caracterise  par  : 

deux  capuchons  d'extremite  (15a,  15b)  en  forme  de  disques,  en  materiau  magnetique,  fixes  aux 
deux  extremites  de  la  coquille  cylindrique,  chaque  capuchon  d'extremite  presentant  une  ouverture  cen- 
trale  qui  s'etend  longitudinalement  au  travers  de  chaque  disque,  I'etendue  radiale  de  I'ouverture  etant  di- 
mensionnee  pour  que  la  perturbation  du  champ  magnetique  dans  le  volume  de  travail  de  I'aimant  MR, 
due  a  la  coquille,  soit  compensee,  et 

I'epaisseurdans  la  direction  radiale  de  la  coquille  cylindrique  (41)  estsuperieure  dans  la  partie  cen- 
tral  e  quand  on  la  mesure  dans  la  direction  longitudinale  et  diminue  en  direction  des  deux  extremites  de 
la  coquille,  de  sorte  que  la  coquille  est  plus  epaisse  la  oil  la  densite  de  champ  est  plus  elevee  et  moins 
epaisse  la  oil  la  densite  de  champ  est  plus  faible. 

2.  Blindage  selon  la  revendication  1,  caracterise  en  ce  que  la  coquille  a  une  epaisseur  radiale  telle  que  la 
coquille  sature  pendant  le  fonctionnement  de  I'aimant. 

3.  Blindage  selon  la  revendication  1  ,  caracterise  en  ce  que  la  coquille  comprend  des  plaques  (1  3)  qui  s'eten- 
dent  longitudinalement,  chaque  extremite  des  plaques  etant  f  ixee  a  la  circonference  autour  des  capu- 
chons  d'extremite. 

4.  Blindage  (9)  pour  aimant  MR  (11)  cylindrique,  comprenant  une  coquille  cylindrique  (par  exemple  13)  en 
materiau  magnetique  qui  entoure  I'aimant  MR,  la  coquille  etant  situee  de  telle  sorte  que  son  axe  longitu- 
dinal  soit  coaxial  avec  I'axe  magnetique  de  I'aimant  MR,  I'aimant  MR  def  inissant  un  trou  qui  s'etend  axia- 
lement  et  qui  contient  le  volume  de  travail  de  I'aimant,  caracterise  par  : 

une  coquille  interieure  (13)  cylindrique,  en  materiau  magnetique,  qui  entoure  I'aimant,  la  coquille 
interieure  cylindrique  etant  situee  de  telle  sorte  que  son  axe  longitudinal  soit  coaxial  avec  I'axe  magnetique 
de  I'aimant  MR, 

deux  capuchons  d'extremite  (45  ;  15a,  15b)  en  forme  de  disque,  en  materiau  magnetique,  fixes 
aux  deux  extremites  de  la  coquille  cylindrique,  chaque  capuchon  d'extremite  presentant  une  ouverture 
centrale  qui  s'etend  longitudinalement  a  travers  chaque  disque,  I'etendue  radiale  de  I'ouverture  etant  di- 
mensionnee  pour  que  la  perturbation  du  champ  magnetique  dans  le  volume  de  travail,  due  a  la  coquille, 
soit  compensee, 

une  coquille  externe  (49),  cylindrique,  en  materiau  magnetique,  radialement  espacee  de  la  coquille 
interieure  cylindrique  en  I'entourant  et  coaxiale  avec  la  coquille  interieure,  et 

I'epaisseurdans  la  direction  axiale  de  la  coquille  interieure  cylindrique  (41)  est  plus  importante  dans 
la  partie  centrale  (47)  quand  on  la  mesure  dans  la  direction  longitudinale  et  diminue  en  direction  des  deux 
extremites  de  la  coquille  interieure  de  sorte  que  I'epaisseur  de  la  coquille  interieure  est  plus  importante 
la  oil  I'intensite  du  champ  est  elevee  et  plus  faible  la  oil  I'intensite  du  champ  est  moindre. 

5.  Blindage  selon  la  revendication  4,  caracterise  en  ce  que  la  coquille  interieure  sature  pendant  le  fonction- 
nement. 

6.  Blindage  selon  la  revendication  5,  caracterise  en  ce  que  I'espacement  radial  de  la  coquille  externe  (49) 
est  tel  que  pendant  le  fonctionnement  de  I'aimant  le  flux  qui  traverse  la  coquille  interieure  n'est  pas  devie 
vers  la  coquille  externe. 

7.  Blindage  selon  la  revendication  6,  caracterise  en  ce  que  la  coquille  externe  (49)  a  une  epaisseur  radiale 
telle  que  la  coquille  externe  sature  pendant  le  fonctionnement  de  I'aimant. 

8.  Blindage  selon  la  revendication  1  ou  4,  caracterise  en  ce  que  les  deux  capuchons  d'extremite  sont  de  dia- 
metres  differents. 

9.  Blindage  selon  la  revendication  8,  caracterise  en  ce  que  les  deux  capuchons  d'extremite  sont  fixes  I'un 
a  I'autre  et  la  coquille  est  f  ixee  dans  le  sens  de  la  circonference  au  capuchon  d'extremite  de  plus  grand 
diametre. 
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