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s£)  Cryogenic  refrigerator. 

©  A  cryogenic  refrigerator  comprising  a  closed  cyl- 
inder  (111)  provided  with  an  inlet  (134)  and  an  outlet 
(135)  for  introducing  and  discharging  a  coolant  gas 
into  and  out  of  the  cylinder  (111),  a  displacer  (119) 
slidably  housed  in  the  closed  cylinder  (111)  and 
housing  a  cooling  member  (124)  therein  and  having 
a  passage  (141)  through  which  the  coolant  gas  flows, 
a  device  (142)  coaxially  arranged  in  and  along  the 
passage  (141)  of  the  displacer  (119)  in  which  the 
cooling  member  (124)  is  housed  to  divide  the  pas- 
sage  (141)  into  outer  and  inner  ones,  a  device  for 

N  reciprocating  the  displacer  (119)  in  the  cylinder 
^(111),  and  a  device  for  repeating  the  process  of 

(V)  introducing  the  high  pressure  coolant  gas  into  the 
r-  cylinder  (111)  through  the  inlet  (134)  and  discharging 
00  it  out  of  the  cylinder  (111),  synchronizing  with  the 
Ci  reciprocating  displacer  (119). 
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Cryogenic  refrigerator 

The  present  invention  relates  to  a  cryogenic 
refrigerator  and,  more  particularly,  a  refrigerator  of 
the  refrigerant-accumulating  type. 

Various  kinds  of  cryogenic  refrigerators  are 
now  on  the  market.  One  of  them  is  of  the  Gifford- 
McMahon  type.  This  refrigerator  is  usually  ar- 
ranged  as  shown  in  Fig.  1. 

The  refrigerator  comprises  generally  a  cold 
head  1  and  a  coolant  gas  introducing  and  discharg- 
ing  system  2.  The  cold  head  1  includes  a  closed 
cylinder  11,  a  displacer  12  freely  reciprocating  in 
the  cylinder  11,  and  a  motor  13  for  driving  the 
displacer  11. 

The  cylinder  1  1  includes  a  first  large-diameter 
cylinder  14  and  a  second  small-diameter  cylinder 
15  coaxially  connected  to  the  first  cylinder  14.  The 
border  wall  between  the  first  14  and  the  second 
cylinder  15  forms  a  first  stage  16  as  a  cooling  face 
and  the  front  wall  of  the  cylinder  15  forms  a  sec- 
ond  stage  17  which  is  lower  in  temperature  than 
the  first  stage  16.  The  displacer  12  includes  a  first 
displacer  18  reciprocating  in  the  first  cylinder  14 
and  a  second  displacer  19  reciprocating  in  the 
second  cylinder  15.  The  first  and  second  dis- 
places  18  and  19  are  connected  to  each  other  in 
the  axial  direction  of  the  cylinder  1  1  by  a  connector 
20.  A  fluid  passage  21  is  formed  in  the  first  dis- 
placer  18,  extending  in  the  axial  direction  of  the 
displacer  18,  and  a  cooling  member  22  formed  of 
copper  meshes  or  the  like  is  housed  in  the  fluid 
passage  21  .  Similarly,  a  fluid  passage  23  is  formed 
in  the  second  displacer  19,  extending  in  the  axial 
direction  of  the  displacer  19,  and  a  cooling  mem- 
ber  24  formed  of  lead  balls  or  the  like  is  formed  in 
the  fluid  passage  23.  Seal  systems  25  and  26  are 
located  between  the  outer  circumference  of  the  first 
displacer  18  and  the  inner  circumference  of  the 
first  cylinder  14  and  between  the  outer  circum- 
ference  of  the  second  displacer  19  and  the  inner 
circumference  of  the  second  cylinder  15,  respec- 
tively. 

The  top  of  the  first  displacer  18  is  connected  to 
the  rotating  shaft  of  the  motor  13  through  a  con- 
nector  rod  31  and  a  Scotch  yoke  or  crankshaft  32. 
When  the  shaft  of  the  motor  13  is  rotated,  there- 
fore,  the  displacer  12  reciprocates,  as  shown  by  an 
arrow  in  Fig.  1  ,  synchronizing  with  the  rotating  shaft 
of  the  motor  1  3. 

An  inlet  34  and  an  outlet  35  for  introducing  and 
discharging  coolant  gas  extend  from  the  upper 
portion  of  one  side  of  the  first  cylinder  14  and  they 
are  connected  to  the  coolant  gas  introducing  and 
discharging  system  2.  The  coolant  gas  introducing 
and  discharging  system  2  serves  as  a  helium  gas 
circulating  system,  comprising  connecting  the  out- 

let  35  to  the  inlet  34  through  a  low-pressure  valve 
36,  a  compressor  37  and  a  high-pressure  valve  38. 
Namely,  this  system  2  is  intended  to  compress 
low-pressure  (about  5  atm)  helium  to  high-pressure 

5  (about  18  atm)  one  by  the  compressor  37  and  send 
it  into  the  cylinder  11.  The  low-  and  high-pressure 
valves  36  and  38  are  opened  and  dosed,  as  will  be 
described  later,  in  a  relation  to  the  reciprocation  of 
the  displacer  12. 

w  That  portions  in  the  refrigerator  where  cooling 
is  effected  or  which  act  as  cooling  faces  are  the 
first  and  second  stages  16  and  17,  which  are 
cooled  or  refrigerated  to  about  30  K  and  10  K. 
respectively,  when  no  thermal  load  is  present. 

15  Therefore,  a  temperature  gradient  ranging  from  a 
normal  temperature  (300  K)  to  30  K  exists  between 
the  top  and  bottom  of  the  first  displacer  18  and  a 
temperature  gradient  ranging  from  30  K  to  10  K 
exists  between  the  top  and  bottom  of  the  second 

20  displacer  19.  These  temperature  gradients,  how- 
ever,  are  changed  by  thermal  loads  at  the  step 
stages  and  it  usually  ranges  from  30  K  to  80  K  at 
the  first  stage  16  while  it  ranges  from  10  K  to  20  K 
at  the  second  stage  1  7. 

25  When  the  motor  13  starts  its  rotation,  the  dis- 
placer  12  reciprocates  between  top  and  bottom 
dead  centers.  When  the  displacer  12  is  at  the 
bottom  dead  center,  the  high-pressure  valve  38  is 
opened,  allowing  high-pressure  helium  gas  to  flow 

30  into  the  cold  head  1.  The  displacer  12  then  moves 
to  the  top  dead  center.  As  described  above,  the 
seal  systems  25  and  26  are  arranged  between  the 
outer  circumference  of  the  first  displacer  18  and 
the  inner  circumference  of  the  first  cylinder  14  and 

35  between  the  outer  circumference  of  the  second 
displacer  19  and  the  inner  circumference  of  the 
second  cylinder  15,  respectively.  When  the  dis- 
placer  12  moves  to  the  top  dead  center,  therefore, 
high-pressure  helium  gas  flows  into  a  first  stage 

40  expansion  chamber  39  formed  between  the  first  18 
and  the  second  displacer  19  and  then  into  a  sec- 
ond  stage  expansion  chamber  40  formed  between 
the  second  displacer  19  and  the  front  wall  of  the 
second  cylinder,  passing  through  the  fluid  passage 

45  21  in  the  first  displacer  18  and  the  fluid  passage  23 
in  the  second  displacer  19.  While  flowing  in  this 
manner,  high-pressure  helium  gas  is  cooled  or 
refrigerated  by  the  cooling  members  22  and  24,  so 
that  high-pressure  helium  gas  flowing  into  the  first 

so  stage  expansion  chamber  39  can  be  cooled  to 
about  30  K  and  high-pressure  helium  gas  flowing 
into  the  second  stage  expansion  chamber  40  can 
be  cooled  to  about  8  K.  Here,  the  high-pressure 
valve  38  is  closed  and  the  low-pressure  valve  36  is 
opened.  When  the  low-pressure  valve  36  is 
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opened,  high-pressure  helium  gas  in  the  first  stage 
expansion  chamber  39  and  the  second  stage  ex- 
pansion  chamber  40  is  expanded  and  cooling  is 
effected.  The  first  stage  16  and  the  second  stage 
17  are  cooled  by  this  cooling  phenomenon.  Then, 
the  displacer  12  moves  to  the  bottom  dead  center 
again  and  helium  gas  in  the  first  stage  expansion 
chamber  39  and  the  second  stage  expansion 
chamber  40  is  removed  as  the  movement  of  the 
displacer  12.  The  expanded  helium  gas  is  warmed 
by  the  cooling  members  22  and  24  while  passing 
through  the  fluid  passages  21  and  22,  and  is  an 
ordinary  temperature  and  discharged.  Thereafter, 
the  above-mentioned  cycle  is  repeated  and  the 
refrigerating  operation  is  performed.  This  type  of 
the  refrigerator  is  used  for  cooling  a  superconduc- 
ting  magnet  or  an  infrared  sensor,  or  as  a  cooling 
source  of  a  cryopump. 

However,  the  above-structured  conventional 
cryogenic  refrigerators  had  the  following  problems. 
Specifically,  the  cylindrical  fluid  passage  23  is 
formed  in  the  second  displacer  19  and  the  inside  of 
the  passage  is  filled  with  the  ball  or  grain-like 
cooling  member  24.  Speed  distribution  in  helium 
gas  flowing  through  the  passages  which  were  filled 
with  balls  or  grains  was  measured  and  it  was  found 
that  velocity  of  flow  was  the  lowest  in  the  center  of 
the  flow  of  helium  gas  and  that  it  became  higher 
and  higher  as  coming  remoter  from  the  center  of 
the  flow  of  helium  gas  outward  in  the  radial  direc- 
tion  thereof.  This  means  that  a  larger  amount  of 
helium  gas  flows  only  into  some  area  of  the  cooling 
member  24  and  that  the  cooling  member  24  must 
exchange  heat  with  excessive  helium  gas  at  this 
area  thereof  when  heat  exchange  is  to  be  done 
between  helium  gas  and  the  cooling  member  24. 
This  teaches  us  that  the  cooling  member  24  is  not 
efficiently  used.  Therefore,  cooling  efficiency  (or 
heat  exchanging  efficiency  achieved  by  a  cooling 
means)  is  reduced  at  the  area  of  the  cooling  mem- 
ber,  thereby  resulting  in  reducing  refrigerating  ca- 
pacity  at  a  certain  temperature. 

The  conventional  refrigerators  arranged  as 
shown  in  Fig.  1  had  a  problem  as  described  below. 
The  seal  system  25  prevents  helium  gas  from 
flowing  from  the  normal  temperature  section  to  the 
first  expansion  chamber  39  and  vice  versa,  passing 
through  a  clearance  between  the  first  cylinder  14 
and  the  first  displacer  18,  while  the  seal  system  26 
prevents  helium  gas  from  flowing  from  the  first 
stage  expansion  chamber  39  to  the  second  stage 
expansion  chamber  40  and  vice  versa,  passing 
through  a  clearance  between  the  second  cylinder 
15  and  the  second  displacer  19.  These  seal  sys- 
tems  25  and  26  are  used  in  helium  gas  of  high 
purity  (99.99%)  and  no  lubricating  material  such  as 
grease  cannot  be  used  to  them  because  it  contami- 
nates  helium  gas.  Particularly  the  seal  system  26  is 

located  at  the  low  temperature  section  (<sv  to  bu  i\; 
and  it  is  asked  to  have  a  shape  like  the  piston  seal. 
Providing  that  the  first  stage  expansion  chamber  39 
has  a  temperature  of  30  K  while  the  second  stage 

5  expansion  chamber  40  has  a  temperature  of  10  K 
and  that  helium  gas  leaks  at  some  portion  of  the 
seal  system  26,  helium  gas  of  30  K  will  enter  into 
the  second  stage  expansion  chamber  40  without 
contacting  the  cooling  member  24  in  the  second 

w  displacer  19  and  helium  gas  of  10  K  will  enter  into 
the  first  stage  expansion  chamber  39.  As  the  result, 
the  temperature  of  the  first  stage  16  falls  and  that 
of  the  second  stage  17  rises.  Fig.  3  shows,  as 
results  calculated,  the  relation  between  the  ratio  of 

?5  the  amount  of  helium  gas  leaked  through  the  seal 
system  26  (or  ratio  of  the  amount  of  helium  gas 
flowing  into  the  second  stage  expansion  chamber 
40  through  the  seal  system  26  relative  to  the  total 
amount  of  helium  gas  flowing  into  the  chamber  40 

20  through  the  passage)  and  the  temperature  of  each 
of  the  first  and  second  stages  16,  17.  As  apparent 
from  Fig.  3,  helium  gas  leaked  at  some  portion  of 
the  seal  system  26  adds  large  influence  to  the 
temperature  of  each  of  the  stages  16  and  17.  Same 

25  thing  can  also  be  said  about  the  seal  system  25. 
In  the  conventional  refrigerators,  the  seal  sys- 

tem  26  used  comprises  fitting  a  turn  of  sealing  28 
provided  with  overlapped  ends  30  as  shown  in  Fig. 
6  into  a  ring-shaped  groove  27  on  the  outer  cir- 

30  cumference  of  the  second  displacer  19  and  arrang- 
ing  a  spring  ring  29  on  the  backside  of  the  sealing 
28  to  urge  the  sealing  28  against  the  second  cyl- 
inder  15,  as  shown  in  Figs.  4  through  6.  In  the  case 
of  the  seal  system  26  having  the  above-described 

35  arrangement,  a  considerable  amount  of  helium  gas 
is  allowed  to  leak  through  the  overlapped  ends  30 
of  the  sealing  28,  thereby  causing  the  temperature 
of  the  second  stage  17  to  rise.  This  results  in 
reducing  refrigerating  capacity  at  a  certain  tem- 

40  perature. 
Providing  that  the  temperature  of  the  first  stage 

expansion  chamber  39  is  30  K  while  that  of  the 
second  stage  expansion  chamber  40  is  10  K  and 
that  helium  gas  leaks  through  the  sealing  portion, 

45  helium  gas  of  30  K  will  enter  into  the  second  stage 
expansion  chamber  40  while  helium  gas  of  10  K 
into  the  first  stage  expansion  chamber  39,  without 
fully  contacting  the  cooling  member  24  in  the  sec- 
ond  displacer  19.  As  the  result,  the  temperature  of 

so  the  first  stage  16  lowers  while  that  of  the  second 
stage  17  rises.  Fig.  7  shows,  as  results  calculated, 
what  relation  exists  between  the  ratio  of  the  amount 
of  helium  gas  leaking  through  the  clearances  (or 
ratio  of  the  amount  of  helium  gas  flowing  into  the 

55  second  stage  expansion  chamber  40  through  the 
sealing  portion  relative  to  the  total  amount  of  he- 
lium  gas  flowing  into  the  chamber  40  through  the 
cooling  member)  and  the  temperature  of  each  of 

3 
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the  first  and  second  stages  16  and  17.  As  apparent 
from  Fig.  7,  helium  gas  leaking  through  the  sealing 
portion  between  the  displacer  and  the  cooling 
member  adds  large  influence  to  the  temperature  of 
each  of  the  stages. 

The  conventional  refrigerators  arranged  as 
shown  in  Fig.  1  had  another  problem  as  described 
below.  When  magnetic  material  is  used  as  a  part  or 
whole  of  the  cooling  member  24  in  the  second 
displacer  19,  it  is  quite  difficult  to  process  the 
magnetic  material  into  balls  or  meshes  such  as  the 
cooling  member  22  in  the  first  displacer  18.  The 
magnetic  material  is  therefore  melted  to  a  bulky 
mass,  which  is  ground  and  screened  to  grains  each 
having  a  size  of  about  100  to  500  urn.  These 
grains  substantially  same  in  size  are  used  as  the 
cooling  member.  However,  each  of  these  grains 
has  sharp  edges  and  tips  which  are  several  u.m  in 
size,  and  these  sharp  edges  and  tips  are  broken  off 
the  grains  while  the  refrigerator  is  under  operation. 
The  cooling  member  24  is  covered  by  sheets  of 
net  at  the  top  and  bottom  thereof  not  to  drop  from 
the  second  displacer  19,  but  these  sheets  of  net 
have  meshes  each  having  a  size  of  several  tens 
urn  and  fine  edges  and  tips  broken  off  the  grains 
of  magnetic  material  pass  through  these  meshes  of 
the  nets  together  with  helium  gas.  When  the 
meshes  of  the  nets  which  cover  the  top  and  bottom 
of  the  cooling  member  24  are  made  smaller  in 
size,  however,  the  pressure  loss  of  helium  gas  is 
increased.  This  is  not  a  merit.  The  fine  edges  and 
tips  of  magnetic  material  dropped  from  the  second 
displacer  19  adhere  to  the  seal  25  to  thereby 
increase  the  amount  of  helium  gas  leaded  through 
the  seal  25.  This  lowers  the  refrigerating  capacity 
of  the  refrigerator  to  a  great  extent.  In  addition,  the 
fine  edges  and  tips  of  magnetic  material  dropped 
come  to  the  compressor  37,  passing  through  the 
first  displacer  18  and  the  valve  36.  As  the  result, 
the  valve  36  can  be  blocked  and  the  compressor 
37  can  be  damaged  by  them.  When  ground  grains 
of  magnetic  material  are  used  as  the  cooling  mem- 
ber  as  described  above,  the  capacity  of  the  refrig- 
erator  is  lowered  and  the  refrigerator  itself  is 
damaged. 

The  conventional  refrigerators  arranged  as 
shown  in  Fig.  1  had  a  further  problem  as  described 
below.  When  the  first  and  second  displacers  18 
and  19  are  filled  with  the  cooling  members  22  and 
24,  clearances  are  caused  between  the  cooling 
members  and  the  displacers.  When  gas  flows 
passing  through  these  clearances,  effective  heat 
exchange  cannot  be  carried  out  between  the  gas 
and  the  cooling  member. 

An  object  of  the  present  invention  is  to  provide 
a  cryogenic  refrigerator  capable  of  causing  coolant 
gas  to  uniformly  flow  through  a  cooling  member  to 
increase  the  refrigerating  capacity  of  the  refrigera- 

tor. 
Another  object  of  the  present  invention  is  to 

provide  a  cryogenic  refrigerator  capable  of  enhanc- 
ing  sealing  performance  between  a  cylinder  and  a 

5  displacer  to  increase  the  refrigerating  capacity  of 
the  refrigerator. 

A  further  object  of  the  present  invention  is  to 
provide  a  cryogenic  refrigerator  capable  of  prevent- 
ing  the  cooling  member  from  creating  fine  powder 

w  to  increase  the  refrigerating  capacity  of  the  refrig- 
erator. 

According  to  the  present  invention,  there  is 
provided  a  cryogenic  refrigerator  comprising  a 
closed  cylinder  provided  with  an  inlet  and  an  outlet 

75  for  introducing  and  discharging  a  coolant  gas  into 
and  out  of  the  cylinder;  a  displacer  slidably  housed 
in  the  closed  cylinder  and  housing  a  cooling  mem- 
ber  therein  and  having  a  passage  through  which 
the  coolant  gas  flows;  a  means  coaxially  arranged 

20  in  and  along  the  passage  of  the  displacer  in  which 
the  cooling  member  is  housed  to  divide  the  pas- 
sage  into  outer  and  inner  ones;  a  means  for  recip- 
rocating  the  displacer  in  the  cylinder;  and  a  means 
for  repeating  the  process  of  introducing  the  high 

25  pressure  coolant  gas  into  the  cylinder  through  the 
inlet  and  discharging  it  out  of  the  cylinder,  synchro- 
nizing  with  the  reciprocating  displacer. 

According  to  the  present  invention,  there  is 
provided  a  cryogenic  refrigerator  comprising  a 

30  closed  cylinder  provided  with  an  inlet  and  an  outlet 
for  introducing  and  discharging  a  coolant  gas  into 
and  out  of  the  cylinder;  a  displacer  siidable  ar- 
ranged  in  the  closed  cylinder  and  housing  a  cool- 
ing  member  therein  and  having  a  passage  through 

35  which  the  coolant  gas  flows;  plural  gas  penetrating 
diaphragms  arranged  in  the  passage  in  which  the 
cooling  member  is  housed  and  separated  from  one 
another  by  a  certain  interval  in  a  direction  per- 
pendicular  to  the  direction  in  which  the  passage  is 

40  directed;  a  means  for  reciprocating  the  displacer  in 
the  cylinder;  a  means  for  repeating  the  process  of 
introducing  the  coolant  gas  into  the  cylinder 
through  the  inlet  and  discharging  it  out  of  the 
cylinder  through  the  outlet  in  a  relation  to  the 

45  reciprocating  displacer. 
According  to  the  present  invention,  a  cryogenic 

refrigerator  can  be  provided  comprising  a  closed 
cylinder  provided  with  an  inlet  and  an  outlet  for 
introducing  and  discharging  a  coolant  gas  into  and 

50  out  of  the  cylinder;  a  displacer  siidable  arranged  in 
the  closed  cylinder  and  housing  a  cooling  member 
therein  and  having  a  passage  through  which  the 
coolant  gas  flows;  plural  gas  penetrating  dia- 
phragms  arranged  in  the  passage  in  which  the 

55  cooling  member  is  housed  and  separated  from  one 
another  by  a  certain  interval  in  a  direction  per- 
pendicular  to  the  direction  in  which  the  passage  is 
directed;  a  means  for  reciprocating  the  displacer  in 
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the  cylinder;  a  means  for  repeating  the  process  of 
introducing  the  high  pressure  coolant  gas  into  the 
cylinder  through  the  inlet  and  discharging  it  out  of 
the  cylinder  through  the  outlet  in  a  relation  to  the 
reciprocating  displacer  and  first  and  second  sealing 
members  arranged  along  the  axis  of  the  displacer 
to  seal  the  clearance  between  the  closed  cylinder 
and  the  displacer;  wherein  said  displacer  has  two 
ring-shaped  grooves  on  the  outer  circumference 
thereof  and  each  of  the  sealing  members  includes 
two  sealing  rings  each  having  both  ends  and  piled 
one  upon  the  other  in  the  ring-shaped  groove  in  the 
axial  direction  of  the  displacer  and  a  spring  ring 
having  both  ends  and  located  on  the  back  side  of 
these  sealing  rings. 

According  to  the  present  invention,  a  cryogenic 
refrigerator  can  be  provided  comprising  a  closed 
cylinder  provided  with  an  inlet  and  an  outlet  for 
introducing  and  discharging  a  coolant  gas  into  and 
out  of  the  cylinder;  a  displacer  slidably  arranged  in 
the  closed  cylinder  and  housing  a  cooling  member 
therein  and  having  a  passage  through  which  the 
coolant  gas  flows;  a  means  for  reciprocating  the 
displacer;  and  a  means  for  repeating  the  process  of 
introducing  the  coolant  gas  into  the  cylinder 
through  the  inlet  and  discharging  it  out  of  the 
cylinder  through  the  outlet  in  a  relation  to  the 
reciprocating  displacer;  wherein  said  cooling  mem- 
ber  is  those  grains  of  a  magnetic  matter  which  are 
coated  by  a  metal  film. 

According  to  the  present  invention,  a  cryogenic 
refrigerator  can  be  provided  comprising  a  closed 
cylinder  provided  with  an  inlet  and  an  outlet  for 
introducing  and  discharging  a  coolant  gas  into  and 
out  of  the  cylinder;  a  displacer  slidably  arranged  in 
the  closed  cylinder  and  housing  a  cooling  member 
therein  and  having  a  passage  through  which  the 
coolant  gas  flows:  a  fibrous  member  arranged  be- 
tween  the  displacer  and  the  cooling  member;  a 
means  for  reciprocating  the  displacer;  and  a  means 
for  repeating  the  process  of  introducing  the  high 
pressure  coolant  gas  into  the  cylinder  through  the 
inlet  and  discharging  it  out  of  the  cylinder  through 
the  outlet  in  a  relation  to  the  reciprocating  dis- 
placer. 

This  invention  can  be  more  fully  understood 
from  the  following  detailed  description  when  taken 
in  conjunction  with  the  accompanying  drawings,  in 
which: 

Fig.  1  is  a  cross  sectional  view  showing  a 
conventional  Gifford-McMahon  type  cryogenic  re- 
frigerator; 

Fig.  2  is  a  cross  sectional  view  showing  a 
second  displacer  of  the  refrigerator  of  Fig.  1  ; 

Fig.  3  is  a  graph  showing  the  relationship 
between  a  rate  of  leakage  and  temperature  of 
stages  in  a  sealing  mechanism  of  the  refrigerator  of 
Fig.  1; 

Figs.  4  to  6  are  cross  sectional  views  snow- 
ing  the  sealing  mechanism  of  the  refrigerator  of 
Fig.  1; 

Fig.  7  is  a  graph  showing  the  relationship  of 
5  a  rate  of  leakage  and  temperature  of  stages  be- 

tween  a  second  displacer  and  a  cooling  member  of 
the  refrigerator  of  Fig.  1; 

Fig.  8  is  a  cross  sectional  view  showing  a 
Gifford-McMahon  type  cryogenic  refrigerator  relat- 

70  ing  to  one  embodiment  of  the  present  invention; 
Fig.  9  is  a  cross  sectional  view  showing  a 

second  displacer  of  the  refrigerator  of  Fig.  8; 
Fig.  10  is  a  graph  showing  the  comparison 

between  the  speed  distribution  in  helium  gas  in  the 
75  cooling  member  of  the  second  displacer  of  the 

refrigerator  of  Fig.  1  and  that  of  the  second  dis- 
placer  of  the  refrigerator  of  Fig.  8; 

Fig.  11  is  a  graph  showing  the  comparison 
between  the  cooling  curve  of  the  refrigerator  of  Fig. 

20  1  and  that  of  the  refrigerator  of  Fig.  8; 
Fig.  12  is  a  cross  sectional  view  showing  a 

Gifford-McMahon  type  cryogenic  refrigerator  relat- 
ing  to  a  second  embodiment  of  the  present  inven- 
tion; 

25  Fig.  13  is  a  cross  sectional  view  showing  a 
second  displacer  of  the  refrigerator  of  Fig.  12; 

Fig.  14  is  a  graph  showing  the  comparison 
between  the  speed  distribution  in  helium  gas  in  the 
cooling  member  of  the  second  displacer  of  the 

30  refrigerator  of  Fig.  1  and  that  of  the  second  dis- 
placer  of  the  refrigerator  of  Fig.  12; 

Fig.  15  is  a  cross  sectional  view  showing  a 
Gifford-McMahon  type  cryogenic  refrigerator  relat- 
ing  to  a  third  embodiment  of  the  present  invention; 

35  Fig.  16  is  a  cross  sectional  view  showing  a 
second  displacer  of  the  refrigerator  of  Fig.  15; 

Fig.  17  is  a  graph  showing  the  comparison 
between  the  speed  distribution  in  helium  gas  in  the 
cooling  member  of  the  second  displacer  of  the 

40  refrigerator  of  Fig.  1  and  that  of  the  second  dis- 
placer  of  the  refrigerator  of  Fig.  15; 

Fig.  18  is  a  cross  sectional  view  showing  a 
Gifford-McMahon  type  cryogenic  refrigerator  relat- 
ing  to  a  fourth  embodiment  of  the  present  inven- 

45  tion; 
Figs.  19  to  21  are  cross  sectional  views 

showing  a  sealing  mechanism  of  the  refrigerator  of 
Fig.  18; 

Fig.  22  is  a  graph  showing  the  relationship 
50  between  leakage  of  helium  and  difference  in  pres- 

sure  in  the  refrigerator,  in  which  the  sealing  mecha- 
nism  of  Fig.  5  is  incorporated,  and  the  refrigerator, 
in  which  the  sealing  mechanism  of  Fig.  21  is  incor- 
porated; 

55  Fig.  23  is  a  graph  showing  the  cooling 
curves  of  the  refrigerator,  in  which  the  sealing 
mechanism  of  Fig.  5  is  incorporated,  and  the  refrig- 
erator,  in  which  the  sealing  mechanism  of  Fig.  20  is 
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incorporated; 
Fig.  24  is  a  cross  sectional  view  showing  a 

Gifford-McMahon  type  cryogenic  refrigerator  relat- 
ing  to  a  fifth  embodiment  of  the  present  invention; 

Fig.  25  is  a  view  showing  a  magnetic  mem- 
ber  using  as  a  cooling  member  of  the  cryogenic 
refrigerator; 

Figs.  26A  and  26B  are  views  showing  the 
state  that  the  magnetic  member  of  Fig.  25  is  plated 
with  metal; 

Fig.  27  is  a  graph  showing  the  cooling 
curves  of  the  refrigerator  in  which  the  magnetic 
member  of  Fig.  25  is  incorporated,  and  the  refrig- 
erator  in  which  the  magnetic  member  of  Figs.  26A 
and  26B  is  incorporated;  and 

Fig.  28  is  a  view  showing  the  magnetic 
member  after  mixing. 

Some  preferred  embodiments  of  the  present 
invention  will  be  described  in  detail. 

Fig.  8  is  a  sectional  view  showing  an  example 
of  the  Gifford-McMahon  type  refrigerator,  which  is 
same  in  arrangement  as  the  one  shown  in  Fig.  1 
except  a  fluid  path  or  passage  123. 

The  refrigerator  includes  generally  a  cold  head 
101  and  a  coolant  gas  introducing  and  discharging 
system  102.  The  cold  head  101  comprises  a 
closed  cylinder  111,  a  displacer  112  housed  in  the 
cylinder  1  1  1  and  freely  reciprocating  therein,  and  a 
motor  113  for  driving  the  displacer  112  to  recipro- 
cate  in  the  cylinder  111. 

The  cylinder  1  1  1  includes  a  first  large-diameter 
cylinder  114  and  a  second  small-diameter  cylinder 
115  coaxially  connected  to  the  cylinder  114.  The 
border  wall  between  the  first  cylinder  114  and  the 
second  cylinder  115  forms  a  first  stage  116  which 
serves  as  a  cooling  face,  and  the  front  wall  of  the 
cylinder  115  forms  a  second  stage  117  which  is 
lower  in  temperature  than  the  first  stage  116.  The 
displacer  112  includes  a  first  displacer  118  recipro- 
cating  in  the  first  cylinder  114  and  a  second  dis- 
placer  119  reciprocating  in  the  second  cylinder 
115.  The  first  and  second  displacers  118  and  119 
are  connected  to  each  other  by  a  connector  mem- 
ber  120  in  the  axial  direction  of  the  cylinder  112.  A 
fluid  passage  121  is  formed  in  the  first  displacer 
118.  extending  in  the  axial  direction  of  the  displacer 
118,  and  a  cooling  member  122  made  by  copper 
meshes  or  the  like  is  contained  in  the  fluid  passage 
121.  Similarly,  a  fluid  passage  123  is  also  formed 
in  the  second  displacer  119,  extending  in  the  axial 
direction  of  the  displacer  119,  and  a  cooling  mem- 
ber  124  made  by  copper  balls  or  the  like  is  con- 
tained  in  the  fluid  passage  123.  Seal  systems  125 
and  126  are  located  between  the  outer  circum- 
ference  of  the  first  displacer  118  and  the  inner 
circumference  of  the  first  cylinder  114  and  between 
the  outer  circumference  of  the  second  displacer 
119  and  the  inner  circumference  of  the  second 

cylinder  115,  respectively. 
The  top  of  the  first  displacer  118  is  connected 

to  the  rotating  shaft  of  the  motor  113  through  a 
connector  rod  131  and  a  Scotch  yoke  or  crankshaft 

5  132.  When  the  shaft  of  the  motor  113  is  rotated, 
therefore,  the  displacer  112  is  reciprocated  as 
shown  by  an  arrow  in  Fig.  8,  synchronizing  with  the 
rotating  shaft  of  the  motor  113. 

An  inlet  134  and  an  outlet  135  for  coolant  gas 
10  extend  outwards  from  the  upper  portion  of  one  side 

of  the  first  cylinder  114  and  they  are  connected  to 
the  coolant  gas  introducing  and  discharging  system 
102.  This  system  102  serves  to  circulate  helium 
gas  flowing  through  the  cylinder  111  and  com- 

75  prises  connecting  the  outlet  135  to  the  inlet  134 
through  a  low-pressure  valve  136,  a  compressor 
137  and  a  high-pressure  valve  138.  The  system 
102  also  serves  to  compress  low  pressure  helium 
gas  (about  5  atm)  to  high  pressure  one  (about  18 

20  atm)  through  the  compressor  137  and  send  it  into 
the  cylinder  111.  The  low-  and  high-pressure 
valves  136  and  138  are  opened  and  closed  in  a 
relation  to  the  reciprocating  displacer  112. 

As  shown  in  Fig.  9,  a  pipe  142  is  coaxially 
25  housed  in  the  fluid  passage  123  and  allows  helium 

gas  to  flow  inside  and  outside  the  pipe  142.  A  fluid 
passage  143  inside  the  pipe  142  is  filled  w  -  a 
cooling  member  145  shaped  like  balls  each  having 
a  diameter  of  0.4  mm  and  another  fluid  passage 

30  1  44  outside  the  pipe  142  is  filled  with  a  cooling 
member  146  shaped  like  balls  each  having  a  diam- 
eter  of  0.2  mm. 

The  passage  of  helium  gas  is  divided  into  two 
in  the  same  direction  as  helium  gas  flows,  and  the 

35  large-diameter  cooling  balls  145  are  housed  in  the 
inner  fluid  passage  143.  This  reduces  the  pressure 
loss  of  helium  gas  flowing  through  the  inner  fluid 
passage  143  and  the  amount  of  helium  gas  flowing 
through  the  passage  143  is  increased  accordingly. 

40  The  partial  flow  of  helium  gas  can  be  thus  reduced 
to  a  greater  extent.  This  enables  the  cooling  effi- 
ciencies  of  the  cooling  balls  145  and  146  to  be 
increased  so  as  to  enhance  the  refrigerating  capac- 
ity  of  the  refrigerator. 

45  Fig.  10  shows  results  obtained  by  measuring 
the  flow  speed  distributions  of  helium  gas  flowing 
through  the  cooling  members  in  the  fluid  passages 
shown  in  Figs.  2  and  9.  These  results  were  ob- 
tained  under  normal  temperature  and  with  the  re- 

50  frigerators  kept  static,  providing  that  the  outer  di- 
ameters  of  the  fluid  passages,  the  amounts  of  the 
cooling  members  contained  in  the  fluid  passages 
and  the  materials  by  which  the  cooling  members 
are  made  are  same.  These  conditions  are  different 

55  from  those  (cryogenic  temperature  and  reciprocat- 
ing  motion)  under  which  the  refrigerators  are  prac- 
tically  operated,  but  it  is  understood  that  the  flow 
speed  distribution  of  helium  gas  flowing  through 
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the  cooling  member  in  the  fluid  passage  shown  in 
Fig.  9  is  more  uniform.  It  is  supposed  that  this 
trend  can  be  kept  under  the  practical  conditions. 
Fig.  11  shows  refrigerating  curves  achieved  by  the 
conventional,  cryogenic  refrigerator  in  which  the  flu- 
id  passage  23  shown  in  Fig.  2  is  incorporated  and 
by  the  cryogenic  refrigerator  of  the  present  inven- 
tion  in  which  the  fluid  passage  123  shown  in  Fig.  9 
is  incorporated.  The  horizontal  axis  of  the  coordi- 
nate  shown  in  Fig.  11  represents  temperatures  (K) 
of  the  second  stage  117  and  the  vertical  axis 
thereof  heat  loads  (W)  added  to  the  second  stage 
117.  As  apparent  from  Fig.  11,  refrigerating  capac- 
ity  under  same  temperature  is  higher  in  the  case  of 
the  cryogenic  refrigerator  according  to  the  present 
invention.  It  is  therefore  understood  that  refrigerat- 
ing  capacity  can  be  increased  when  the  fluid  pas- 
sage  123  which  has  the  above-described  arrange- 
ment  is  employed.  Although  the  fluid  passage  in 
this  example  is  divided  into  two  concentric  ones,  it 
may  be  divided  into  three  or  more  ones.  The 
diameter  of  the  ball  is  not  limited  to  0.4  mm  or  0.2 
mm. 

Figs.  12  and  13  show  a  second  example  of  the 
cryogenic  refrigerator  according  to  the  present  in- 
vention,  in  which  the  pipe  142  is  coaxially  housed 
in  the  fluid  passage  141,  the  passage  of  helium  gas 
is  divided  to  flow  inside  and  outside  the  pipe  142, 
and  a  cooling  member  124  contained  in  the  inner 
and  outer  passages  143  and  144  is  shaped  like 
balls  each  having  same  size.  The  passage  of  he- 
lium  gas  is  divided  into  two  in  same  direction  as 
helium  gas  flows,  so  that  the  partial  flow  of  helium 
gas  can  be  reduced  to  a  greater  extent,  as  com- 
pared  with  that  in  the  conventional  case.  Therefore, 
cooling  efficiency  achieved  by  the  cooling  member 
124  can  be  increased  to  thereby  enhance  the  re- 
frigerating  capacity  of  the  refrigerator. 

Fig.  14  shows  results  obtained  by  measuring 
the  flow  speed  distributions  of  helium  gas  flowing 
through  the  cooling  members  contained  in  the  fluid 
passages  shown  in  Figs.  2  and  13.  These  results 
were  obtained  under  normal  temperature  and  with 
the  refrigerators  kept  static,  providing  that  the  outer 
diameters  of  the  fluid  passages,  the  amounts, 
shapes  and  sizes  of  the  cooling  members  con- 
tained  in  the  fluid  passages,  and  the  materials  by 
which  the  cooling  members  are  made  are  same. 
These  conditions  are  different  from  those 
(cryogenic  temperature  and  reciprocating  motion) 
under  which  the  refrigerators  are  practically  op- 
erated  but  it  is  understood  that  the  flow  speed 
distribution  of  helium  gas  flowing  through  the  cool- 
ing  member  in  the  fluid  passage  shown  in  Fig.  13 
is  more  uniform.  It  is  supposed  that  this  trend  can 
be  kept  under  the  practical  conditions.  Although  the 
fluid  passage  in  this  example  is  divided  into  two 
concentric  ones,  it  may  be  divided  into  three  or 

more  ones.  I  hey  may  De  neitner  concentric  nor 
cylindrical. 

Fig.  15  shows  a  third  example  of  the  cryogenic 
refrigerator  according  to  the  present  invention. 

5  This  third  example  is  different  from  the  first 
example  in  the  arrangement  of  a  fluid  passage  141 
which  is  formed  in  the  second  displacer  119  and  in 
which  the  cooling  member  124  is  contained. 

As  shown  in  Fig.  16,  the  cooling  member  124 
io  shaped  like  balls,  and  sheets  of  meshes  147  are 

contained  in  the  fluid  passage  141  in  such  a  way 
that  they  are  alternately  piled  in  the  fluid  passage 
141  in  direction  perpendicular  to  the  flow  of  helium 
gas. 

75  When  the  fluid  passage  141  is  arranged  in  this 
manner,  helium  gas  flowing  through  the  passage 
141  can  be  made  uniform  by  the  sheets  of 
meshes.  The  partial  flow  of  helium  gas  can  be  thus 
reduced  to  a  greater  extent,  as  compared  with  that 

20  in  the  conventional  case.  Therefore,  cooling  effi- 
ciency  achieved  by  the  cooling  member  124  can 
be  increased  so  as  to  enhance  the  refrigerating 
capacity  of  the  refrigerator. 

Fig.  17  shows  results  obtained  by  measuring 
25  the  flow  speed  distributions  of  helium  gas  flowing 

through  the  cooling  members  in  the  fluid  passages 
shown  in  Figs.  2  and  16.  These  results  were  mea- 
sured  under  normal  temperature  and  with  the  re- 
frigerators  kept  static,  providing  that  the  outer  di- 

30  ameters  of  the  fluid  passages,  the  amounts,  shapes 
and  sizes  of  the  cooling  members  and  the  materi- 
als  by  which  the  cooling  members  are  made  are 
same.  These  conditions  are  different  from  those 
(cryogenic  temperature  and  reciprocating  motion) 

35  under  which  the  refrigerators  are  practically  op- 
erated,  but  it  is  understood  that  the  flow  speed 
distribution  of  helium  gas  flowing  through  the  fluid 
passage  shown  in  Fig.  16  is  more  uniform.  It  is 
supposed  that  this  trend  can  be  kept  under  the 

40  practical  conditions.  Glass  wool  or  the  like  may  be 
used  as  spacers  instead  of  the  sheets  of  meshes. 

Although  the  fluid  passage  in  the  second  dis- 
placer  has  been  arranged  as  shown  in  Figs.  9,  13 
and  16  in  the  case  of  the  above-described  three 

45  examples,  the  fluid  passage  in  the  first  displacer 
may  be  arranged  as  shown  in  Figs.  9,  13  and  16. 
These  arrangements  of  the  fluid  passage  can  be 
applied  to  the  cryogenic  refrigerator  which  includes 
third  and  fourth  displaces.  The  fluid  passage  in 

so  which  the  cooling  member  is  housed  may  be  ar- 
ranged  as  shown  in  Figs.  9,  13  and  16  even  in  the 
case  of  those  cryogenic  refrigerators  in  which  the 
displacers  and  the  cooling  accumulator  are  not 
combined  as  a  unit. 

55  Fig.  18  shows  a  fourth  example  of  the  cryo- 
genic  refrigerator  according  to  the  present  inven- 
tion.  Same  components  as  those  in  the  first  exam- 
ple  shown  in  Fig.  8  will  be  represented  by  same 
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reference  numerals  and  description  on  these  com- 
ponents  will  be  omitted. 

This  example  is  different  from  the  conventional 
cryogenic  refrigerators  by  seal  systems  151  and 
155  which  are  fitted  into  ring-shaped  grooves  127 
and  128  on  the  outer  circumference  of  the  second 
displacer  119  to  seal  the  clearance  between  the 
second  displacer  119  and  the  second  cylinder  115. 

As  shown  in  Figs.  19  and  20,  the  seal  system 
151  includes  an  outer  ring  152  having  both  ends, 
an  inner  ring  153  located  on  the  backside  of  the 
outer  ring  152,  and  a  spring  ring  154  coaxially 
located  on  the  backside  of  the  inner  ring  153  to 
urge  the  ring  153  against  the  inner  circumference 
of  the  second  cylinder  115,  these  rings  being  fitted 
in  the  ring-shaped  groove  127.  The  outer  and  inner 
rings  152  and  153  are  made  of  resin.  As  shown  in 
Fig.  20,  the  section  of  the  inner  ring  153  is  shaped 
like  a  fallen  L  and  the  section  of  the  outer  ring  1  52 
is  a  rectangle  seated  on  the  L-shaped  section  of 
the  inner  ring  153.  The  clearance  between  both 
ends  of  the  outer  ring  152  is  shifted  from  that 
between  both  ends  of  the  inner  ring  153  by  180  . 
When  both  of  the  outer  and  inner  rings  152  and 
153  are  combined  with  each  other  in  this  manner, 
the  outer  circumferences  of  the  outer  and  inner 
rings  152  and  153  are  contacted  with  the  inner 
circumference  of  the  second  cylinder  115  while 
keeping  two  inner  sides  of  the  inner  ring  153  con- 
tacted  with  two  outer  sides  of  the  outer  ring  152. 
As  shown  in  Fig.  21,  the  sections  of  the  outer  and 
inner  rings  152  and  153  in  the  seal  system  151  are 
symmetrical  with  respect  to  the  axis  of  the  second 
cylinder  115  relative  to  those  of  the  outer  and  inner 
rings  156  and  157  in  the  seal  system  155.  When 
the  clearances  in  the  seal  system  151  are  shifted 
from  those  in  the  seal  system  155  in  the  circum- 
ferential  direction  of  the  second  cylinder  115, 
therefore,  helium  gas  can  be  prevented  from  leak- 
ing  through  these  clearances.  The  leakage  of  he- 
lium  gas  can  be  thus  reduced  to  a  greater  extent 
by  these  seal  systems  151  and  155.  The  tempera- 
ture  of  the  second  expansion  chamber  or  second 
stage  117  can  be  prevented  from  rising  to  thereby 
enhance  the  refrigerating  capacity  of  the  refrigera- 
tor. 

Fig.  22  shows  results  obtained  by  measuring 
the  amounts  of  helium  gas  leaking  through  the 
conventional  cryogenic  refrigerator  into  which  the 
seal  system  shown  in  Fig.  5  is  incorporated  and 
through  the  cryogenic  GM  refrigerator  into  which 
the  seal  systems  151  and  155  are  incorporated. 
These  results  were  measured  under  normal  tem- 
perature  and  with  the  refrigerators  kept  static,  pro- 
viding  that  the  widths  of  the  ring-shaped  grooves 
are  made  equal,  that  the  shapes  of  the  seal  rings 
are  same  and  that  the  materials  by  which  the  seal 
rings  are  made  are  same.  These  conditions  are 

different  from  those  (cryogenic  temperature  and 
reciprocating  motion)  under  which  the  refrigerators 
are  practically  operated,  but  it  is  understood  that 
the  amount  of  helium  gas  leaked  can  be  reduced 

5  to  a  considerable  extent.  It  is  supposed  that  this 
trend  will  be  kept  under  practical  conditions.  Fig. 
23  shows  refrigerating  curves  achieved  by  the  con- 
ventional  cryogenic  refrigerator  into  which  the  seal 
system  shown  in  Fig.  5  is  incorporated  and  by  the 

w  cryogenic  refrigerator  of  the  present  invention  into 
which  the  seal  systems  151  and  155  shown  in  Fig. 
21  are  incorporated.  The  horizontal  axis  of  the 
coordinate  shown  in  Fig.  23  represents  tempera- 
tures  (K)  of  the  second  stage  117  and  the  vertical 

15  axis  thereof  denotes  heat  loads  (W)  added  to  the 
second  stage  117.  As  apparent  from  Fig.  23,  refrig- 
erating  capacity  under  same  temperature  is  higher 
in  the  case  of  the  cryogenic  refrigerator  according 
to  the  present  invention.  This  teaches  us  that  the 

20  refrigerating  capacity  can  be  increased  when  the 
seal  systems  151  and  155  are  employed. 

Although  the  seal  systems  151  and  155  have 
been  arranged  only  between  the  second  displacer 
and  the  second  cylinder  in  the  case  of  the  above- 

25  described  example,  they  may  be  arranged  between 
the  first  displacer  and  the  first  cylinder. 

Fig.  24  shows  a  fifth  example  of  the  cryogenic 
refrigerator  according  to  the  present  invention. 
Same  components  as  those  in  the  example  shown 

30  in  Fig.  8  will  be  represented  by  same  reference 
numerals  and  description  on  these  components  will 
be  omitted. 

When  the  first  and  second  displacers  118  and 
119  are  to  be  filled  with  the  cooling  members  122 

35  and  124  shaped  like  copper  sheets  of  meshes  and 
lead  balls,  a  filler  167  is  previously  arranged  along 
the  inner  walls  of  the  first  and  second  displacers 
118  and  119  and  the  cooling  members  122  and 
124  are  then  housed  inside  the  fillers  167  in  the 

40  displacers  118  and  119.  The  filler  167  is  cotton 
wool  made  of  glass,  metal,  ceramic  and  other  artifi- 
cial  inorganic  fibers. 

When  clearances  148  between  the  inner  wall  of 
the  first  displacer  118  and  the  cooling  member  122 

45  and  between  the  inner  wall  of  the  second  displacer 
119  and  the  cooling  member  124  are  filled  with  the 
fillers  167,  the  leakage  of  gas  can  be  prevented  to 
effectively  carry  out  heat  exchange  between  the 
cooling  members  122  and  124  and  the  gas. 

50  A  sixth  example  of  the  cryogenic  refrigerator 
according  to  the  present  invention  will  be  de- 
scribed.  This  example  is  different  from  the  conven- 
tional  refrigerator  by  a  magnetic  material  M  whose 
grains  are  used  as  the  cooling  member  124  con- 

55  tained  in  the  second  displacer  119. 
The  magnetic  material  M  is  melted  and  then 

ground  and  screened  to  grains  each  having  an 
appropriate  size  of  100  to  500  urn.  Each  of  the 
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screened  and  selected  grains  of  the  magnetic  ma- 
terial  M  has  many  sharp  edges  and  tips  each 
having  a  size  of  several  urn  to  several  tens  urn  and 
an  angle  smaller  than  30°  . 

Fig.  25  shows  a  grain  of  the  magnetic  material 
M  which  is  obtained  after  the  magnetic  material  M 
is  ground  and  screened.  Edges  or  tips  171  of  the 
grain  are  broken  off  and  lost  in  the  refrigerator 
while  the  refrigerator  is  under  operation.  In  order  to 
prevent  this,  the  grain  is  plated  by  metal  to  coat 
the  edges  or  tips  of  the  grain  with  a  film  S  of  metal. 

It  is  preferable  that  this  metal  is  more  excellent 
in  toughness  than  the  magnetic  material  M,  that  its 
thermal  conductivity  is  substantially  same  as  that  of 
the  magnetic  material  M  and  that  it  can  be  more 
easily  processed  to  coat  the  grain  of  the  magnetic 
material  M.  Gold,  silver,  copper,  nickel,  chrome, 
aluminum,  lead  and  molybdenum,  for  example,  can 
be  used  as  the  metal  film  S.  An  alloy  of  these 
metals  may  be  used,  too.  The  metal  film  S  is 
formed  according  to  the  plating  or  depositing  man- 
ner.  It  is  preferable  that  the  metal  film  S  has  a 
thickness  of  several  urn  to  several  tens  urn. 

Fig.  26A  shows  a  grain  of  the  magnetic  ma- 
terial  M  which  is  obtained  after  the  plating  process. 
As  seen  in  Fig.  26B,  the  sharp  edge  or  tip  171  of 
the  grain  is  coated  by  the  plating  metal  S  and 
when  these  grains  of  the  magnetic  material  M  are 
used  as  the  cooling  member,  fine  powder  of  the 
magnetic  material  M  can  be  prevented  from  drop- 
ping  from  the  second  displacer  119  and  adhering 
to  the  seal  systems  and  the  like  to  lower  the 
refrigerating  capacity  of  the  refrigerator.  This  is 
because  the  sharp  edges  or  tips  171  of  the  grain 
are  fixed  and  rounded  by  the  metal  film  S  and 
because  the  metal  film  S  serves  as  a  lubricating 
layer  or  cushion  to  prevent  stress  from  being  ad- 
ded  to  the  edges  or  tips  171  of  the  grain.  The 
sharp  edges  or  tips  171  can  be  thus  prevented 
from  breaking  off  from  the  grain  of  the  magnetic 
material  M. 

Fig.  27  shows  refrigerating  curves  achieved  by 
the  cryogenic  refrigerator  in  which  grains  obtained 
by  grinding  the  magnetic  material  M  were  used  as 
the  cooling  member,  and  by  the  one  in  which 
grains  obtained  by  grinding  the  magnetic  material 
M  were  plated  and  then  used  as  the  cooling  mem- 
ber.  These  refrigerating  curves  were  obtained  after 
the  lapse  of  100  hours  since  the  refrigerators  were 
under  operation.  The  horizontal  axis  of  a  graph 
shown  in  Fig.  27  denotes  temperatures  (K)  of  the 
second  stage  117  and  the  vertical  axis  thereof 
represents  heat  loads  (W)  added  to  the  second 
stage  117.  The  refrigerating  curves  were  over- 
lapped  with  each  other  just  after  the  refrigerators 
were  started,  but  they  showed  a  difference  in  the 
refrigerating  capacities  of  the  two  refrigerators  after 
the  lapse  of  100  hours.  The  refrigerator  in  which 

plated  grains  of  the  magnetic  material  m  were  usea 
as  the  cooling  member  showed  same  refrigerating 
capacity  as  that  just  after  the  start  of  its  operation. 
After  the  refrigerating  curves  were  obtained,  both  of 

5  the  refrigerators  were  dismantled  and  examined. 
Fine  powder  of  the  magnetic  material  M  adhered  to 
the  seal  126  in  the  case  of  the  refrigerator  in  which 
grains  of  the  magnetic  material  M  obtained  by 
grinding  the  material  M  were  used  as  the  cooling 

10  member,  but  no  such  thing  could  be  found  in  the 
case  of  the  refrigerator  in  which  grains  of  the 
magnetic  material  M  were  plated  and  then  used  as 
the  cooling  member.  It  is  therefore  supposed  that 
fine  powder  of  the  magnetic  material  M  which 

rs  adhered  to  the  seal  causes  the  amount  of  gas 
leaked  through  the  seal  126  to  be  increased  to 
thereby  lower  the  refrigerating  capacity  of  the  re- 
frigerator,  as  seen  in  Fig.  27.  This  makes  it  appar- 
ent  that  the  use  of  plated  grains  of  the  magnetic 

20  material  M  as  the  cooling  member  is  more  effec- 
tive. 

A  seventh  example  of  the  cryogenic  refrigera- 
tor  according  to  the  present  invention  will  be  de- 
scribed. 

25  When  the  grains  of  the  magnetic  material  M 
each  having  the  sharp  edges  or  tips  171  shown  in 
Fig.  25  are  used  as  they  are,  these  edges  or  tips 
171  are  broken  off  from  the  grains  and  lost  in  the 
refrigerator  while  the  refrigerator  is  being  operated. 

30  According  to  tests  conducted,  all  of  the  edges  or 
tips  171  each  having  an  angle  smaller  than  30 
were  broken  off  from  the  grains  of  the  magnetic 
material  M  after  the  operation  of  the  refrigerator. 
When  the  grains  of  the  magnetic  material  M  having 

35  those  edges  or  tips  whose  angles  are  smaller  than 
30°  are  used  as  the  cooling  member,  therefore, 
fine  powder  of  these  edges  or  tips  can  be  pre- 
vented  from  dropping  from  the  cooling  accumulator 
into  the  refrigerator.  The  grains  of  the  magnetic 

40  material  M  having  no  edges  or  tips  whose  angles 
are  smaller  than  30°  can  be  obtained  by  grinding 
the  magnetic  material  M,  screening  grains  thus 
obtained  and  then  mixing  the  grains  thus  selected 
in  an  organic  solvent  such  as  alcohol  or  inactive 

45  gas  such  as  argon  by  means  of  the  mixer. 
Fig.  28  shows  a  grain  of  the  magnetic  material 

M  obtained  after  the  mixing  process.  As  seen  in 
Fig.  28,  sharp  edges  or  tips  are  removed  from  the 
grain  by  the  mixing  process.  When  these  grains  of 

so  the  magnetic  material  M  are  used  as  the  cooling 
member,  it  can  be  prevented  that  the  sharp  edges 
or  tips  are  broken  off  from  the  grains  of  the  mag- 
netic  material  M  and  dropped,  as  fine  powder,  from 
the  second  displacer  119  into  the  refrigerator,  while 

55  the  refrigerator  is  being  operated,  to  adhere  to  the 
seal  and  the  like  and  lower  the  refrigerating  capac- 
ity  of  the  refrigerator. 

Same  refrigerating  capacity  test  as  that  in  the 

9 
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:ixth  example  was  conducted  using  the  grains  of 
he  magnetic  material  M  as  the  cooling  member, 
iame  results  as  those  shown  in  Fig.  27  were 
ibtained.  Further,  the  refrigerators  were  dismantled 
ind  examined  after  the  test  and  same  thing  as  that 
i  the  sixth  example  could  be  found. 

Although  description  has  been  made  about 
hose  refrigerators  in  which  the  displacer  and  the 
:ooling  accumulator  are  combined  with  each  other 
is  a  unit,  the  present  invention  can  be  applied  to 
he  other  refrigerators  in  which  the  displacer  and 
he  cooling  accumulator  are  not  combined  as  a 
mit. 

Further,  description  has  been  made  about  the 
efrigerator  of  the  Gifford-McMahon  type  which  is 
ypical  of  the  cryogenic  refrigerators,  but  the 
jresent  invention  can  be  applied  to  the  other  cryo- 
jenic  refrigerators  of  the  improved  Soivay,  Stirling 
ind  cycle  types. 

Still  further,  the  magnetic  material  may  be 
shaped  like  grains,  powder  and  fabrics  (such  as  the 
sheet  of  meshes).  It  may  also  be  made  porous. 

The  magnetic  material  may  include  Er3Ni, 
ErNi2,  GdFth  or  the  like. 

Claims 

1  .  A  cryogenic  refrigerator  comprising: 
a  closed  cylinder  (111)  provided  with  an  inlet  (134) 
and  an  outlet  (135)  for  introducing  and  discharging 
a  coolant  gas  into  and  out  of  the  cylinder  (111); 
a  displacer  (119)  slidably  housed  in  the  closed 
cylinder  (111)  and  housing  a  cooling  member  (124) 
therein  and  having  a  passage  (123)  through  which 
the  coolant  gas  flows; 
a  means  (142)  coaxially  arranged  in  the  passage 
(123)  of  the  displacer  (119)  in  which  the  cooling 
member  (124)  is  housed,  for  dividing  the  passage 
(123)  into  outer  and  inner  ones; 
a  means  for  reciprocating  the  displacer  (119)  in  the 
cylinder  (111);  and 
a  means  for  repeating  the  process  of  introducing 
the  high  pressure  coolant  gas  into  the  cylinder 
(111)  through  the  inlet  and  discharging  it  out  of  the 
cylinder  (111),  synchronizing  with  the  reciprocating 
displacer  (119). 

2.  The  cryogenic  refrigerator  according  to 
claim  1  ,  characterized  in  that  said  passage-dividing 
means  (142)  is  a  cylindrical  member  (142). 

3.  The  cryogenic  refrigerator  according  to 
claim  1,  characterized  in  that  said  cooling  member 
(124)  is  particulate. 

4.  The  cryogenic  refrigerator  according  to 
claim  3,  characterized  in  that  grains  of  the  cooling 
member  (124)  each  having  a  size  smaller  than 
those  of  the  cooling  member  (124)  housed  in  the 
inner  passage  (143)  are  housed  in  the  outer  pas- 

sage  (144)  ot  tne  aispiacer  (iia). 
5.  A  cryogenic  refrigerator  comprising: 

a  closed  cylinder  (111)  provided  with  an  inlet  (134) 
and  an  outlet  (135)  for  introducing  and  discharging 

5  a  coolant  gas  into  and  out  of  the  cylinder  (111);  a 
displacer  (119)  siidable  arranged  in  the  closed  cyl- 
inder  (111)  and  housing  a  cooling  member  (124) 
therein  and  having  a  passage  (123)  through  which 
the  coolant  gas  flows; 

o  plural  gas  permeable  diaphragms  (147)  arranged  in 
the  passage  (141)  in  which  the  cooling  member 
(124)  is  housed  and  separated  from  one  another  in 
a  direction  perpendicular  to  the  direction  in  which 
the  passage  (141)  is  directed; 

5  a  means  for  reciprocating  the  displacer  (119)  in  the 
cylinder  (111);  and 
a  means  for  repeating  the  process  of  introducing 
the  coolant  gas  into  the  cylinder  (111)  through  the 
inlet  and  discharging  it  out  of  the  cylinder  (111) 

>o  through  the  outlet  (135)  in  a  relation  to  the  recipro- 
cating  displacer. 

6.  The  cryogenic  refrigerator  according  to 
claim  5,  characterized  in  that  said  cooling  member 
(124)  is  particulate  and  is  housed  among  said  gas 

?5  permeable  diaphragms  (147). 
7.  The  cryogenic  refrigerator  according  to 

claim  5,  characterized  in  that  said  gas  permeable 
diaphragms  (147)  are  mesh  members. 

8.  A  cryogenic  refrigerator  comprising: 
30  a  closed  cylinder  (111)  provided  with  an  inlet  (134) 

and  an  outlet  (135)  for  introducing  and  discharging 
a  coolant  gas  into  and  out  of  the  cylinder  (111); 
a  displacer  (119)  slidably  arranged  in  the  closed 
cylinder  (111)  and  housing  a  cooling  member  (124) 

35  therein  and  having  a  passage  through  which  the 
coolant  gas  flows; 
a  means  for  reciprocating  the  displacer  (119);  and 
a  means  for  repeating  the  process  of  introducing 
the  coolant  gas  into  the  cylinder  (111)  through  the 

40  inlet  (134)  and  discharging  it  out  of  the  cylinder 
(111)  through  the  outlet  (135)  in  a  relation  to  the 
reciprocating  displacer  (119); 
wherein  said  cooling  member  (124)  is  those  grains 
of  a  magnetic  material  which  are  coated  by  a  metal 

45  film. 
9.  The  cryogenic  refrigerator  according  to 

claim  8,  characterized  in  that  said  metal  film  is 
made  of  a  material  having  toughness  higher  than 
the  magnetic  material. 

50  10.  The  cryogenic  refrigerator  according  to 
claim  8,  characterized  in  that  said  metal  film  is 
made  of  a  metal  having  a  heat  conductivity  sub- 
stantially  same  as  that  of  the  magnetic  material. 

11.  The  cryogenic  refrigerator  according  to 
55  claim  8,  characterized  in  that  said  metal  film  is 

made  of  a  metal  selected  from  the  group  consist- 
ing  of  Au,  Ag,  Cu,  Ni,  Cr,  Al,  Pb,  Mo  and  an  alloy 
of  these  metals. 

iu 
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12.  A  cryogenic  refrigerator  comprising: 
3  closed  cylinder  (111)  provided  with  an  inlet  (134) 
and  an  outlet  (135)  for  introducing  and  discharging 
a  coolant  gas  into  and  out  of  the  cylinder  (111); 
3  displacer  (119)  slidably  arranged  in  the  closed  5 
cylinder  (111)  and  housing  a  cooling  member  (124) 
;herein  and  having  a  passage  (141)  through  which 
:he  coolant  gas  flows: 
3  fibrous  member  (167)  arranged  between  the  dis- 
Dlacer  (119)  and  the  cooling  member  (124);  w 
3  means  for  reciprocating  the  displacer  (119);  and 
3  means  for  repeating  the  process  of  introducing 
tie  coolant  gas  into  the  cylinder  (111)  through  the 
nlet  (134)  and  discharging  it  out  of  the  cylinder 
111)  through  the  outlet  (135)  in  a  relation  to  the  15 
■eciprocating  displacer  (119). 

13.  The  cryogenic  refrigerator  according  to 
claim  12,  characterized  in  that  said  fibrous  member 
;167)  is  glass  wool. 

14.  A  method  of  making  a  cooling  member  for  20 
jse  with  the  cryogenic  refrigerator  which  includes  a 
closed  cylinder  (111)  provided  with  an  inlet  (134) 
and  an  outlet  (135)  for  introducing  and  discharging 
3  coolant  gas  into  and  out  of  the  cylinder  (111);  a 
displacer  (119)  slidably  arranged  in  the  closed  cyl-  25 
nder  (111)  and  housing  the  cooling  member  (124) 
therein  and  having  a  passage  (141)  through  which 
the  coolant  gas  flows;  a  means  for  reciprocating 
the  displacer  (119);  and  a  means  for  repeating  the 
orocess  of  introducing  the  coolant  gas  into  the  30 
cylinder  (111)  through  the  inlet  (134)  and  discharg- 
ing  it  out  of  the  cylinder  (111)  through  the  outlet 
(135)  in  a  relation  to  the  reciprocating  displacer 
(119),  said  method  comprising: 
a  step  of  grinding  a  magnetic  material;  35 
a  step  of  screening  grains  of  the  magnetic  material 
obtained;  and 
a  step  of  mixing  the  screened  grains  of  the  mag- 
netic  material  to  remove  sharp  edges  and  tips  from 
the  grains.  40 
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