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(54)  Superconducting  rotating  machine. 

(57)  A  superconducting  rotating  machine  (10) 
which  comprises  :  a  cylindrical  frame  (12)  ;  a 
stator  (14)  installed  integrally  around  an  inner 
periphery  of  said  cylindrical  frame,  said  stator 
having  a  plurality  of  permanent  magnet  rings 
(14a)  stacked  longitudinally  around  an  inner 
periphery  of  said  cylindrical  frame,  said  each 
permanent  magnet  ring  including  a  plurality  of 
arcuate  shaped  permanent  magnets  having  an 
outer  surface  with  a  radius  approximately  equal 
to  the  radius  of  the  inner  surface  of  said  cylin- 
drical  frame,  said  arcuate  shaped  permanent 
magnets  being  positioned  in  said  cylindrical 
frame  with  the  outer  arcuate  surfaces  thereof 
engaging  said  inner  surface  of  said  cylindrical 
frame  ;  a  stator  coil  (42)  provided  around  said 
inner  surface  of  said  cylindrical  stator,  said 
stator  coil  having  a  primary  coil  (44)  and  a 
secondary  superconducting  coil  (46)  ;  a  rotor 
(20)  arranged  concentrically  and  rotatably  with- 
in  said  stator  in  juxtaposed  spaced  relationship 
to  the  inner  surface  of  said  stator  with  a  cylindri- 
cal  clearance  between  the  inner  periphery  of 
the  stator  and  the  outer  periphery  of  said  rotor, 
said  rotor  including  a  non-magnetic  shaft  (22), 
said  rotor  having  a  plurality  of  permanent  mag- 
net  rings  stacked  longitudinally  around  said 
non-magnetic  shaft,  each  said  ring  having  a 
plurality  of  arcuate  shaped  permanent  magnets 
(26a)  ;  a  pair  of  non-magnetic  covers  provided 
at  both  end  portions  of  said  stator  frame,  each 
said  cover  having  a  bearing  for  rotatable  mount- 
ing  of  said  shaft  ;  an  auxiliary  motor  provided 
integrally  at  one  end  portion  of  said  rotatable 
shaft.  The  secondary  coil  comprises  a  super- 
conducting  alloy  of  Cu,  Nb3Sn,  V3Ga,  V3Ge,  Bi, 
Ca,  CuO  and  Sr.  The  machine  may  be  used  in  a 
solar  powered  generator. 

FIG.  4  
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This  invention  relates  to  a  superconducting  rotat- 
ing  machine,  a  superconducting  coil  and  to  a  super- 
conducting  generator  for  use  in  e.g.  lighting 
equipment  using  solar  energy  whereby  anomalous 
pseudo-Josephson  effect  can  be  obtained  not  only  by 
the  superconducting  coil,  but  also  when  energized  by 
exerting  a  driving  torque  on  the  rotor  through  homopo- 
lar  repulsion  of  permanent  magnets  without  using  the 
conventional  rotatable  cryogenic  container  for  main- 
taining  the  superconductive  state,  and  the  continu- 
ously  rotary  motion  can  be  obtained  in  order  to 
improve  generating  efficiency  almost  without  con- 
suming  electrical  power  from  a  storage  battery. 

For  power  stations,  finite  natural  resources  such 
as  oil,  coal  and  nuclear  fuel  are  used  today,  but  they 
produce  harmful  by  products  and  cause  environmen- 
tal  pollution. 

It  has  been  proposed  to  use  a  device  using  a  solar 
array  for  converting  infinite  and  pollution-free  solar 
energy  into  electrical  energy  which  is  charged  into  a 
storage  battery  for  driving  a  superconducting  rotating 
machine. 

According  to  a  conventional  superconducting 
rotating  machine,  it  has  been  necessary  to  provide  a 
rotatable  cryogenic  container  to  maintain  the  super- 
conductive  state.  A  rotatable  cryogenic  container 
using  nitrogen  gas  or  helium  gas  would  have  been 
provided. 

The  rotatable  cryogenic  container,  however, 
increases  the  size  of  the  apparatus,  has  operational 
difficulties,  and  the  generated  output  is  very  small. 

The  homopoles  of  a  permanent  magnet  repel 
each  other  and  the  hetropoles  thereof  attract  each 
other,  so  that  even  if  the  negative  pole  is  cut  into  a 
very  thin  piece  and  the  positive  pole  is  cut  into  a  very 
thin  piece  respectively,  one  of  them  is  magnetized  the 
negative  pole  and  another  is  magnetized  the  positive 
pole  respectively,  thus  making  it  difficult  to  obtain  a 
rotary  motion. 

According  to  the  present  invention  there  is  pro- 
vided  a  superconducting  rotating  machine  which  com- 
prises:  a  cylindrical  frame;  a  stator  installed  integrally 
around  an  inner  periphery  of  said  cylindrical  frame, 
said  stator  having  a  plurality  of  permanent  magnet 
rings  stacked  longitudinally  around  an  inner  periphery 
of  said  cylindrical  frame,  each  said  permanent  magnet 
ring  including  a  plurality  of  arcuate  shaped  permanent 
magnets  having  an  outer  surface  with  a  radius 
approximately  equal  to  the  radius  of  the  inner  surface 
of  said  cylindrical  frame,  said  arcuate  shaped  perma- 
nent  magnets  being  positioned  in  said  cylindrical 
frame  with  the  outer  arcuate  surfaces  thereof  engag- 
ing  said  inner  surface  of  said  cylindrical  frame;  a  stator 
coil  provided  around  said  inner  surface  of  said  cylin- 
drical  stator,  said  stator  coil  having  a  primary  coil  and 
a  secondary  superconducting  coil;  a  rotor  arranged 
concentrically  and  rotatably  within  said  stator  in 
juxtaposed  spaced  relationship  to  the  inner  surface  of 

said  stator  with  a  cylindrical  clearance  between  the 
inner  periphery  of  the  stator  and  the  outer  periphery 
of  said  rotor,  said  rotor  including  a  non-magnetic 
shaft,  said  rotor  having  a  plurality  of  permanent  mag- 

5  net  rings  stacked  longitudinally  around  said  non-mag- 
netic  shaft,  each  said  ring  having  a  plurality  of  arcuate 
shaped  permanent  magnets;  a  pair  of  non-magnetic 
covers  provided  at  both  end  portions  of  said  stator 
frame,  each  said  cover  having  a  bearing  for  rotatable 

10  mounting  of  said  shaft;  an  auxiliary  motor  provided 
integrally  at  one  end  portion  of  said  rotatable  shaft. 

Viewed  from  another  aspect  the  invention  pro- 
vides  a  superconducting  rotating  machine  which  com- 
prises  a  permanent  magnet  stator,  a  stator  coil 

15  including  a  primary  coil  having  extra  fine  Cu  filaments 
and  a  secondary  coil  containing  fine  filaments  made 
of  superconducting  alloy  containing  Cu,  Nb3Sn,  V3Ga, 
V3Ge,  Bi,  Ca,  CuO  and  Srand  a  rotor  arranged  within 
the  stator. 

20  Some  embodiments  of  the  invention  will  now  be 
described  by  way  of  example  and  with  reference  to 
the  accompanying  drawings,  in  which:- 

Fig.  1  is  a  front  elevation  of  a  superconducting 
rotating  machine  of  an  embodiment  of  this  inven- 

25  tion; 
Fig.  2  is  a  plan  view  of  the  superconducting  rotat- 
ing  machine  shown  in  Fig.  1; 
Fig.  3  is  a  horizontal  sectional  view  taken  along 
the  lines  Ill-Ill  of  Fig.  1; 

30  Fig.  4  is  a  vertical  sectional  view  taken  along  the 
lines  IV-IVof  Fig.  2; 
Fig.  5  is  a  schematic  horizontal  sectional  view 
taken  along  the  lines  V-V  of  Fig.  4; 
Fig.  6  is  a  greatly  enlarged  schematic  horizontal 

35  sectional  view  of  a  superconducting  coil  wound 
around  an  inner  surface  of  a  primary  coil  shown 
in  Fig.  4; 
Fig.  7  is  a  front  elevation  of  a  rotor  arranged  rotat- 
ably  within  the  stator  shown  in  Fig.  4; 

40  Fig.  8  is  an  enlarged  plan  view  of  an  arcuate  per- 
manent  magnet  of  a  stator  shown  in  Fig.  4; 
Fig.  9  is  a  right  side  elevation  of  the  arcuate 
shaped  permanent  magnet  shown  in  Fig.  8; 
Fig.  10  is  an  enlarged  plan  view  of  an  arcuate 

45  shaped  permanent  magnet  of  a  rotor  shown  in 
Fig.  4; 
Fig.  11  is  a  right  side  elevation  of  the  arcuate 
shaped  permanent  magnet  shown  in  Fig.  10; 
Fig.  12  is  a  circuit  diagram  of  a  superconducting 

so  generator  for  use  in  a  lighting  equipment  using 
solar  energy; 
Fig.  13  is  a  schematic  perspective  view  of  a  light- 
ing  equipment;  and 
Fig.  14  is  a  schematic  representation  of  a  solar 

55  array  to  be  used  in  the  superconducting 
generator  of  this  invention. 
Referring  now  to  the  accompanying  drawings  in 

which  like  reference  numerals  designate  like  parts 
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throughout  the  several  views  thereof,  there  is  shown 
in  Figs.  1  ,  2  and  3  a  superconducting  rotating  machine 
10  of  one  embodiment  of  this  invention. 

The  superconducting  rotating  machine  10  com- 
prises  a  cylindrical  non-magnetic  frame  12  and  a 
stator  14  installed  integrally  around  an  inner  surface 
of  the  cylindrical  non-magnetic  frame  12. 

Each  ring  of  the  stator  14  includes  three  arcuate 
shaped  permanent  magnets  14a,14a,14a  which  are 
particularly  shown  in  Figs.  8  and  9.  A  plurality  of  the 
rings  are  longitudinally  stacked  on  the  inner  surface  of 
the  cylindrical  non-magnetic  frame  12.  The  arcuate 
shaped  permanent  magnet  14a  has  an  outer  surface 
with  a  radius  approximately  equal  to  the  radius  of  the 
inner  surface  of  the  cylindrical  frame  12. 

A  stator  coil  42  is  integrally  installed  around  an 
inner  surface  of  the  cylindrical  non-magnetic  frame 
1  2.  The  stator  coil  42  comprises  a  primary  coil  44  hav- 
ing  extra  fine  Cu  filaments,  and  a  secondary  coil  46 
which  includes  extra  fine  filaments  made  of  supercon- 
ducting  alloy  containing  Cu,  Nb3Sn,  V3Ga,  V3Ge,  Bi, 
Ca,  CuO  and  Sr. 

The  secondary  coil  46  is  integrally  covered  with 
a  Cu  layer,  which  in  turn  is  covered  with  an  insulating 
layer. 

A  rotor  20  comprises  a  non-magnetic  shaft  22 
having  a  given  diameter  and  length,  a  cylindrical  non- 
magnetic  holder  24  integrally  provided  around  the 
outer  periphery  of  the  non-magnetic  shaft  22,  a  per- 
manent  magnet  cylinder  26  provided  around  the  non- 
magnetic  holder  24  and  an  end  disk  26b  provided  at 
an  end  portion  of  the  rotor  20. 

The  permanent  magnet  cylinder  26  has  a  plurality 
of  permanent  magnet  rings,  each  ring  including  a  pair 
of  arcuate  shaped  or  semi-cylindrical  permanent 
magnets  26a  and  26a  shown  in  Figs.  10  and  11. 

The  diameter  of  an  outer  circumference  of  the 
rotor  20  which  is  rotatably  arranged  within  the  stator 
14  is  less  than  that  of  the  stator  14. 

The  rotatable  non-magnetic  shaft  22  of  the  rotor 
20  has  a  given  diameter  and  length  so  that  the  rotor 
20  may  be  rotatably  arranged  within  the  stator  14,  and 
one  end  of  the  shaft  22  is  elongated  to  allow  an  inte- 
gral  provision  of  an  auxiliary  motor  50  thereto. 

The  rotor  20  is  concentrically  and  rotatably 
arranged  within  the  stator  14  in  juxtaposed  spaced 
relationship  to  the  inner  surface  of  the  secondary  coil 
46  with  a  cylindrical  clearance  40  between  the  inner 
periphery  of  the  stator  14  and  the  outer  periphery  of 
the  rotor  20. 

As  shown  in  Fig.  7,  the  rings  26,  each  ring  con- 
sisting  of  a  pair  of  arcuate  shaped  or  semi-cylindrical 
permanent  magnets  26a,26a,  are  provided  concentri- 
cally,  radially  with  reference  to  the  arcuate  permanent 
magnets  14a,14a,14a  with  a  rotational  displacement 
of  about  15-30  degrees  between  axially  adjacent 
rings. 

Accordingly,  when  the  inner  periphery  of  each 

arcuate  permanent  magnet  14a  is  magnetized  the 
negative  pole,  the  inner  periphery  of  the  semi-cylindri- 
cal  permanent  magnet  26a  is  magnetized  the  nega- 
tive  pole  as  well. 

5  On  the  other  hand,  when  the  inner  periphery  of 
the  arcuate  permanent  magnet  is  magnetized  the 
positive  pole,  the  inner  periphery  of  the  semi-cylindri- 
cal  permanent  magnet  26a  is  magnetized  the  positive 
pole  too. 

10  To  this  end,  a  driving  torque  is  exerted  on  the 
rotor  20  through  the  homopolar  repulsive  force  of  the 
permanent  magnets  14a  and  26a  to  produce  continu- 
ous  rotary  motion. 

Near  both  end  portions  of  the  rotatable  shaft  22 
15  are  fitted  a  pair  of  bearings  28  and  28  which  are  re- 

spectively  received  into  a  pair  of  cylindrical  cavities 
30a  and  30a  formed  at  each  central  inner  portion  of  a 
non-magnetic  disk  end  cover  30  respectively,  and  the 
rotatable  shaft  22  extends  through  the  central  open- 

20  ings  30b  and  30b  of  the  disk  end  covers  30  and  30  re- 
spectively. 

A  plurality  of  small  openings  30d,30d,30d  are  pro- 
vided  at  regular  intervals  near  a  peripheral  portion  of 
the  non-magnetic  disk  end  cover  30,  a  plurality  of 

25  small  openings  24a,24a,24a  are  provided  at  the  mat- 
ing  positions  of  an  end  cover  24,  a  plurality  of  small 
cavities  24a,24a,24a  are  provided  at  the  mating  posi- 
tions  of  an  end  portion  of  the  non-magnetic  frame  12, 
and  a  pair  of  small  openings  30d  and  30d  are  provided 

30  near  the  central  opening  30b  allowing  passage  of  a 
pair  of  leads  44a  and  46a  of  the  primary  coil  44  and 
the  secondary  coil  46  respectively. 

A  screw  bolt  32  is  screwed  into  the  small  opening 
32c  to  fix  the  disk  end  cover  30  onto  the  end  portion 

35  of  the  cylindrical  non-magnetic  frame  12  so  that  the 
superconducting  rotating  machine  10  may  be  con- 
structed. 

As  shown  in  Figs.  1  and  4,  the  auxiliary  motor  50 
is  integrally  provided  at  an  elongated  portion  of  the 

40  rotatable  shaft  22. 
In  Fig.  4,  the  stator  coil  42  includes  a  pair  of  the 

primary  Cu  coil  44  wound  up  in  spiral  forms  and  the 
secondary  superconducting  coil  46  would  up  in  spiral 
forms  around  the  inner  surface  of  the  primary  Cu  coils 

45  44. 
As  described  in  the  foregoing  paragraphs,  the 

lead  44a  of  the  primary  coil  44  and  the  lead  46a  of  the 
secondary  superconducting  coil  46  are  penetrated 
through  the  small  openings  24b  of  the  end  disk  24  and 

so  the  small  openings  30d  and  30d,  and  these  leads  44a 
and  46a  are  connected  to  a  storage  battery  such  as 
a  lead  battery  106  which  will  be  explained  in  detail 
later. 

As  mentioned  in  the  foregoing  paragraphs,  the 
55  primary  Cu  coil  44  includes  a  number  of  extra  fine  mul- 

ti-conducting  filaments  wound  up  in  spiral  forms  and 
the  secondary  coil  46  includes  a  number  of  extra  fine 
multi-conducting  filaments  wound  up  in  spiral  forms. 
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Each  of  the  superconducting  filaments  is  made  of 
superconducting  alloy  containing  Cu,  Nb3Sn,  V3Ga, 
V3Ge,  Bi,  Ca,  CuO  and  Sr. 

The  secondary  superconducting  coil  46  is  integ- 
rally  covered  with  a  Cu  layer  48,  which  in  turn  is  cov- 
ered  with  an  insulating  layer  49. 

As  shown  in  Fig.  12,  a  solar  array  102  is  connec- 
ted  to  an  anti-overcharge  circuit  104  which  is  connec- 
ted  to  a  storage  battery  such  as  a  lead  battery  106. 

To  the  anti-overcharge  circuit  104  is  connected 
an  anti-overdischarge  circuit  108  having  an  over- 
discharge  meter  110  and  an  anti-chattering  circuit 
112. 

To  the  anti-overcharge  circuit  108  is  connected  a 
control  unit  114  having  an  external  tumbler  switch 
1  14a  and  an  automatic-manual  transfer  switch  1  14b. 

A  sunset  illuminance  detecting  circuit  120  is  con- 
nected  to  the  control  unit  1  14  through  a  timer  118. 

In  addition,  the  timer  118  is  connected  to  the 
external  tumbler  switch  1  14a,  a  D/A  inverter  122  hav- 
ing  a  lighting  equipment  such  as  a  fluorescent  lamp 
124  is  connected  to  the  control  unit  1  14,  and  also  to 
the  anti-overcharge  circuit  104.  The  superconducting 
rotating  machine  1  0  is  connected  to  a  middle  point  be- 
tween  the  control  unit  1  14  and  the  D/A  inverter  122. 

Fig.  1  3  illustrates  a  fluorescent  light  70  which  may 
be  powered  by  a  superconducting  rotating  machine. 
A  fluorescent  tube  74  is  received  within  a  support 
base  72  and  a  transluscent  housing  76.  Tube  74  is 
connected  via  terminals  72b  to  the  base  on  which  are 
provided  invertor  122  and  control  unit  114.  Wiring 
enters  the  light  unit  via  opening  72a  provided  in  the 
base  72. 

As  shown  in  Fig.  14,  the  solar  array  102  is 
arranged  at  a  desired  place  at  a  given  angle  to  the 
sun. 

In  accordance  with  this  embodiment  of  the  inven- 
tion,  solar  thermal  energy  is  converted  into  an  electri- 
cal  energy  by  the  solar  array  102,  and  the  electric 
current  from  the  solar  array  102  is  charged  through 
the  anti-overcharge  circuit  104  into  the  lead  battery 
106. 

The  electric  current  from  the  lead  battery  1  06  is 
supplied  to  the  superconducting  rotating  machine  10 
and  the  auxiliary  motor  50  through  the  anti-overchar- 
ge  circuit  104  and  other  circuits. 

When  the  electric  current  is  supplied  to  the  prim- 
ary  coil  44,  the  secondary  coil  46  made  of  the  super- 
conducting  alloy  and  the  auxiliary  motor  50,  the 
continuous  rotary  motion,  which  is  at  right  angles  to 
the  magnetic  flux  and  the  direction  of  the  electric  cur- 
rent,  is  brought  about  to  rotate  the  rotor  20. 

It  is  so  designated  that  the  arcuate  permanent 
magnets  14a,14a,14a  of  the  cylindrical  permanent 
magnet  stator  14  are  arranged  concentrically,  radially 
to  the  arcuate  shaped  permanent  magnets  26a,26a  of 
the  stator  14. 

More  particularly,  the  shaped  arcuate  permanent 

magnets  26a,26a  are  arranged  circumferentially  and 
longitudinally  to  the  arcuate  permanent  magnets 
14a,14a,  14a  with  a  displacement  of  an  angle  be- 
tween  1  5-30  degrees. 

5  Accordingly,  when  the  inner  periphery  of  the 
arcuate  permanent  magnets  14a  is  magnetized  the 
negative  pole,  the  inner  periphery  of  the  arcuate  per- 
manent  magnets  26a  is  magnetized  the  negative  pole 
too.  At  the  same  time,  when  the  outer  periphery  of  the 

10  arcuate  permanent  magnet  26a  is  the  positive  pole, 
the  inner  periphery  of  the  arcuate  shaped  permanent 
magnet  14a  is  magnetized  the  positive  pole  too,  thus 
exerting  a  driving  torque  on  the  rotor  20  by  homopolar 
repulsive  force  of  the  arcuate  shaped  permanent 

15  magnets  14a,14a,  14a  and  26a,26a. 
By  means  of  this  arrangement,  there  is  no  need 

to  provide  a  conventional  rotatable  cryogenic  system 
to  maintain  the  superconductive  state  and  also  to 
obtain  excellent  pseudo-Josephson  effects. 

20  In  order  to  start  driving  the  auxiliary  motor  50,  the 
electric  current  is  first  supplied  thereto  from  the  lead 
battery  106,  but  once  the  continuous  rotary  motion  is 
obtained,  generating  efficiency  is  improved  substan- 
tially  without  consuming  electric  current  from  the  lead 

25  battery  1  06. 
There  will  now  be  obvious  to  those  skilled  in  the 

art  many  modifications  and  variations  of  the  above 
described  structure.  These  modifications  and  varia- 
tions  will  not  depart  from  the  scope  of  the  invention  if 

30  defined  by  the  following  claims. 
Thus  it  will  be  seen  that  there  is  provided  a  novel 

superconducting  rotating  machine  which  comprises  a 
cylindrical  frame,  a  cylindrical  permanent  magnet 
stator,  a  stator  coil  including  a  primary  coil  and  a  sec- 

35  ondary  superconducting  coil  and  a  rotor  arranged 
within  the  superconducting  coil  whereby  anomalous 
pseudo-Josephson  effect  can  be  obtained  not  only  by 
the  superconducting  coil,  but  also  when  energized  by 
exerting  a  driving  torque  on  the  rotor  through  homopo- 

40  lar  repulsion  of  permanent  magnets.  The  pseudo-Jo- 
sephson  effect  can  be  obtained  at  a  low  cost.  There 
is  also  provided  a  novel  permanent  magnet  stator  for 
a  superconducting  rotating  machine  whereby  continu- 
ously  rotary  motion  can  be  maintained,  and  whereby 

45  the  superconductive  state  can  be  maintained. 
A  superconducting  generator  is  provided  for  use 

in  e.g.  lighting  equipment  in  order  to  improve  generat- 
ing  efficiency  without  almost  consuming  electrical 
power  from  a  storage  battery. 

50 

Claims 

1.  A  superconducting  rotating  machine  which  com- 
55  prises:  a  cylindrical  frame;  a  stator  installed  integ- 

rally  around  an  inner  periphery  of  said  cylindrical 
frame,  said  stator  having  a  plurality  of  permanent 
magnet  rings  stacked  longitudinally  around  an 

4 
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inner  periphery  of  said  cylindrical  frame,  each 
said  permanent  magnet  ring  including  a  plurality 
of  arcuate  shaped  permanent  magnets  having  an 
outer  surface  with  a  radius  approximately  equal  to 
the  radius  of  the  inner  surface  of  said  cylindrical 
frame,  said  arcuate  shaped  permanent  magnets 
being  positioned  in  said  cylindrical  frame  with  the 
outer  arcuate  surfaces  thereof  engaging  said 
inner  surface  of  said  cylindrical  frame;  a  stator 
coil  provided  around  said  inner  surface  of  said 
cylindrical  stator,  said  stator  coil  having  a  primary 
coil  and  a  secondary  superconducting  coil;  a  rotor 
arranged  concentrically  and  rotatably  within  said 
stator  in  juxtaposed  spaced  relationship  to  the 
inner  surface  of  said  stator  with  a  cylindrical  clear- 
ance  between  the  inner  periphery  of  the  stator 
and  the  outer  periphery  of  said  rotor,  said  rotor 
including  a  non-magnetic  shaft,  said  rotor  having 
a  plurality  of  permanent  magnet  rings  stacked 
longitudinally  around  said  non-magnetic  shaft, 
each  said  ring  having  a  plurality  of  arcuate 
shaped  permanent  magnets;  a  pair  of  non-mag- 
netic  covers  provided  at  both  end  portions  of  said 
stator  frame,  each  said  cover  having  a  bearing  for 
rotatable  mounting  of  said  shaft;  an  auxiliary 
motor  provided  integrally  at  one  end  portion  of 
said  rotatable  shaft. 

2.  A  superconducting  rotating  machine  as  claimed 
in  claim  1,  wherein  said  pairs  of  arcuate  shaped 
permanent  magnets  of  said  rotor  are  provided  cir- 
cumferentially  and  longitudinally  around  a  cylin- 
drical  non-magnetic  holder,  each  said  arcuate 
shaped  magnet  having  a  given  length  and  width 
with  a  circumferential  displacement  of  between 
15-30  degrees  between  longitudinal  adjacent 
rings. 

3.  A  superconducting  coil  as  claimed  in  claims  1  and 
2,  which  comprises  a  stator  coil  including  a  prim- 
ary  coil  having  extra  fine  Cu  filaments  and  a  sec- 
ondary  coil  having  extra  fine  filaments  made  of 
superconducting  alloy  containing  Cu,  Nb3Sn, 
V3Ga,  V3Ge,  Bi,  Ca,  CuO  and  Sr,  characterised  in 
that  said  secondary  coil  is  integrally  covered  with 
a  Cu  layer,  which  in  turn  is  covered  with  an 
insulating  layer. 

4.  A  superconducting  rotating  machine  as  claimed 
in  claims  1  and  2,  wherein  leads  of  said  primary 
and  secondary  coils  are  penetrated  through  small 
openings  of  said  end  covers  of  said  stator  and  of 
said  cylindrical  frame. 

5.  A  superconducting  generator  comprising:  a 
superconducting  rotating  machine  as  claimed  in 
any  of  claims  1  to  4;  a  solar  array;  an  anti-over- 
charge  circuit  connected  to  said  solar  array  and 

also  to  a  storage  battery;  an  anti-overdischarge 
circuit  connected  to  said  anti-overcharge  circuit 
with  an  anti-overcharge  meter,  and  also  to  an  an- 
ti-chattering  circuit;  a  control  unit  connected  to 

5  said  anti-overdischarge  circuit  having  an  auto- 
matic-manual  transfer  switch  and  an  external 
tumbler  switch;  a  sunset  illuminance  detecting 
transfer  switch  connected  to  said  control  unit;  a 
timer  connected  to  said  sunset  illuminance 

10  detecting  circuit;  and  a  D/A  inverter  connected  to 
said  control  unit. 

6.  A  superconducting  rotating  machine  comprising, 
a  permanent  magnet  stator,  a  stator  coil  including 

15  a  primary  coil  having  extra  fine  Cu  filaments  and 
a  secondary  coil  containing  fine  filaments  made 
of  superconducting  alloy  containing  Cu,  Nb3Sn, 
V3Ga,  V3Ge,  Bi,  Ca,  CuO  and  Sr,  and  a  rotor 
arranged  within  the  stator. 

20 
7.  A  superconducting  rotating  machine  which  com- 

prises: 
a  cylindrical  frame; 
a  stator  installed  integrally  around  an  inner 

25  periphery  of  said  cylindrical  frame,  said  stator 
having  a  plurality  of  permanent  magnet  rings 
stacked  longitudinally  around  an  inner  periphery 
of  said  cylindrical  frame,  said  each  permanent 
magnet  ring  including  three  arcuate  shaped  per- 

30  manent  magnets  having  an  outer  surface  with  a 
radius  approximately  equal  to  the  radius  of  the 
inner  surface  of  said  cylindrical  frame,  said  three 
arcuate  shaped  permanent  magnets  being  posi- 
tioned  in  said  cylindrical  frame  with  the  outer 

35  arcuate  surfaces  thereof  engaging  said  inner  sur- 
face  of  said  cylindrical  frame,  and  a  pair  of  end 
disks  provided  at  each  end  of  said  cylindrical 
frame; 

a  stator  coil  provided  around  said  inner 
40  surface  of  said  cylindrical  stator,  said  stator  coil 

having  a  primary  coil  and  a  secondary  coil,  said 
primary  coil  having  extra  fine  Cu  filaments  and 
said  secondary  coil  containing  extra  fine  fila- 
ments  made  of  superconducting  alloy  containing 

45  Cu,  Nb3Sn,  V3Ca,  Va3Ge,  Bi,  Ca,  CuO  and  Sr, 
said  secondary  coil  being  integrally  covered  with 
a  Cu  layer,  which  in  turn  is  covered  with  an 
insulating  layer; 

a  rotor  arranged  concentrically  and  rotat- 
50  ably  within  said  stator  in  juxtaposed  spaced  rela- 

tion-ship  to  the  inner  surface  of  said  stator  with  a 
cylindrical  clearance  between  the  inner  periphery 
of  the  stator  and  the  outer  periphery  of  said  rotor, 
said  rotor  including  a  non-magnetic  shaft,  a  cylin- 

55  drical  non-magnetic  holder  provided  integrally 
around  said  non-magnetic  shaft,  said  rotor  having 
a  plurality  of  permanent  magnet  rings  stacked 
longitudinally  around  said  non-magnetic  shaft, 

5 
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said  each  ring  having  a  pair  of  arcuate  shaped  or 
half  ring-shaped  permanent  magnets,  and  a  pair 
of  non-magnetic  end  disks  provided  at  both  end 
portions  of  said  rotor; 

a  pair  of  non-magnetic  disk  end  covers  5 
provided  integrally  at  both  end  portions  of  said 
stator  frame,  said  each  end  disk  end  cover  having 
a  bearing  fitted  into  a  cylindrical  cavity  formed  at 
a  central  inner  portion  of  said  disk  end  cover;  and 

an  auxiliary  motor  provided  integrally  at  10 
one  end  portion  of  said  rotatable  shaft. 

8.  A  superconducting  rotating  machine  as  claimed 
in  claim  7,  wherein  said  pairs  of  arcuate  shaped 
permanent  magnets  of  said  rotor  are  provided  cir-  15 
cumferentially  and  longitudinally  around  cylindri- 
cal  non-magnetic  holder,  said  each  arcuate 
shaped  magnet  having  a  given  length  and  width 
with  a  radial  delay  of  an  angle  between  15-30 
degree  into  a  longitudinal  direction.  20 

9.  A  superconducting  rotating  machine  as  claimed 
in  claims  7  and  8,  wherein  leads  of  said  primary 
and  secondary  coils  are  penetrated  through  said 
small  openings  of  said  end  covers  of  said  stator  25 
and  of  said  cylindrical  frame. 

10.  A  superconducting  generator  for  use  in  a  lighting 
equipment  which  comprises: 

a  superconducting  rotating  machine  which  30 
includes: 

a  cylindrical  frame; 
a  stator  installed  integrally  around  an  inner 

periphery  of  said  cylindrical  frame,  said  stator 
having  a  plurality  of  permanent  magnet  rings  35 
stacked  longitudinally  around  an  inner  periphery 
of  said  cylindrical  frame,  said  each  permanent 
magnet  ring  including  three  arcuate  shaped  per- 
manent  magnets  having  an  outer  surface  with  a 
radius  approximately  equal  to  the  radius  of  the  40 
inner  surface  of  said  cylindrical  frame,  said  three 
arcuate  shaped  permanent  magnets  being  posi- 
tioned  in  said  cylindrical  frame  with  the  outer 
arcuate  surfaces  thereof  engaging  said  inner  sur- 
face  of  said  cylindrical  frame,  and  a  pair  of  end  45 
disks  provided  at  each  end  of  said  cylindrical 
frame; 

a  stator  coil  provided  around  said  inner 
surface  of  said  cylindrical  stator,  said  stator  coil- 
having  a  primary  coil  and  a  secondary  coil,  said  50 
primary  coil  having  extra  fine  Cu  filaments  and 
said  secondary  coil  containing  extra  fine  fila- 
ments  made  of  superconducting  alloy  containing 
Cu,  Nb3Sn,  V3Ga,  Va3Ge,  Bi,  Ca,  CuO  and  Sr, 
said  secondary  coil  being  integrally  covered  with  55 
a  Cu  layer,  which  in  turn  is  covered  with  an 
insulating  layer; 

a  rotor  arranged  concentrically  and  rotat- 

ably  within  said  stator  in  juxtaposed  spaced  rela- 
tionship  to  the  inner  surface  of  said  stator  with  a 
cylindrical  clearance  between  the  inner  periphery 
of  the  stator  and  the  outer  periphery  of  said  rotor, 
said  rotor  including  a  non-magnetic  shaft,  a  cylin- 
drical  non-magnetic  holder  provided  integrally 
around  said  non-magnetic  shaft,  said  rotor  having 
a  plurality  of  permanent  magnet  rings  stacked 
longitudinally  around  said  non-magnetic  shaft, 
said  each  ring  having  a  pair  of  arcuate  or  half  ring- 
shaped  permanent  magnets,  and  a  pair  of  non- 
magnetic  end  disks  provided  at  both  end  portions 
of  said  rotor; 

a  pair  of  non-magnetic  disk  end  covers 
provided  integrally  at  both  end  portions  of  said 
stator  frame,  said  each  end  diskend  cover  having 
a  bearing  fitted  into  a  cylindrical  cavity  formed  at 
a  central  inner  portion  of  said  disk  end  cover;  and 

an  auxiliary  motor  provided  integrally  at 
one  end  portion  of  said  rotatable  shaft; 

a  solar  array  arranged  on  the  desired  posi- 
tion  with  a  given  angle  to  the  sun; 

an  anti-overcharge  circuit  connected  to 
said  solar  array  and  also  to  a  storage  battery; 

an  anti-disovercharge  circuit  connected  to 
said  anti-overcharge  circuit  with  an  anti-overchar- 
ge  meter,  and  also  to  an  anti-chattering  circuit; 

a  control  unit  connected  to  said  anti-over- 
discharge  circuit  having  an  automatic-manual 
transfer  switch  and  an  external  tumbler  switch; 

a  sunset  illumiance  detecting  transfer 
switch  connected  to  said  control  unit; 

a  timer  connected  to  said  sunset  illumi- 
nance  detecting  circuit; 

a  D/A  inverter  connected  to  said  control 
unit; 

and  a  lighting  equipment  connected  to  said 
D/A  inverter. 
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