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(54)  Reluctance  motor  and  compressor-driving  reluctance  motor 

(57)  Winding  holding  means  8  for  retaining  windings 
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peripheral  side  of  the  pole  protrusions. 
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Description 

BACKGROUND  OF  THE  INVENTION 

1  .  Field  of  the  Invention 

[0001  ]  The  present  invention  relates  to  a  reluctance 
motor  used  for  driving  a  compressor  of  such  as  an  air 
conditioner  or  a  refrigerator. 

2.  Description  of  the  Related  Art 

[0002]  As  the  structure  of  a  typical  reluctance  motor, 
one  shown  in  Fig.  18  is  conventionally  well  known. 
Referring  to  Fig.  18,  a  description  will  be  given  hereafter 
of  the  structure  of  the  conventional  reluctance  motor. 
[0003]  Fig.  18  is  a  cross-sectional  view  illustrating  a 
general  reluctance  motor,  in  which  reference  numeral  1 
denotes  a  rotor  shaft;  2  denotes  a  rotor;  3a,  3b,  3c,  and 
3d  denote  pole  protrusions  of  the  rotor;  4  denotes  a  sta- 
tor;  5a,  5b  5f  denote  pole  protrusions  of  the  stator;  6 
denotes  a  stator  winding;  7  denotes  a  gap  between  the 
stator  4  and  the  rotor  2;  1  2  denotes  a  groove  provided  in 
the  stator  4;  and  13  denotes  an  insulating  portion  sur- 
rounding  the  groove  12. 
[0004]  The  rotor  2  is  formed  by  laminated  steel  plates 
which  are  laminated  in  the  direction  of  the  rotating  shaft 
1  ,  and  the  rotor  2  has  around  the  rotor  shaft  1  a  plurality 
of,  e.g.,  four,  pole  protrusions  3a,  3b,  3c,  and  3d 
arranged  at  equal  intervals  and  having  equal  shapes. 
The  stator  4  is  formed  by  laminated  steel  plates  which 
are  laminated  in  the  direction  of  the  rotating  shaft  1  in 
the  same  way  as  the  rotor  2.  The  stator  4  is  arranged 
around  the  rotor  2  with  the  gap  7  therebetween,  and  has 
a  plurality  of,  e.g.,  six,  pole  protrusions  5a,  5b  5f 
arranged  at  equal  intervals  and  having  equal  shapes. 
The  stator  winding  6  is  wound  around  each  of  the  pole 
protrusions  5a,  5b  5f  of  the  stator.  Generally,  each  of 
the  pole  protrusions  5a,  5b  5f  of  the  stator  has  a 
straight-sided  pole  profile  in  which  its  lateral  faces  are 
parallel  with  each  other. 
[0005]  Next,  referring  to  Fig.  19,  a  description  will  be 
given  of  the  basic  principle  of  the  driving  of  the  reluc- 
tance  motor  having  the  above-described  configuration. 
In  the  drawing,  STEP  1  ,  STEP  2,  and  STEP  3  show 
states  in  which  the  relative  positional  relationships 
between  the  rotor  2  and  the  stator  4  differ.  STEP  1 
shows  a  state  in  which  the  pole  protrusion  5a  of  the  sta- 
tor  and  the  pole  protrusion  3a  of  the  rotor  are  remote 
from  each  other,  while  STEP  2  and  STEP  3  show  states 
in  which  the  pole  protrusion  5a  of  the  stator  and  the  pole 
protrusion  3a  of  the  rotor  are  close  to  each  other.  If  the 
winding  of  a  phase  A  is  excited  in  the  direction  shown  in 
the  drawing  when  the  pole  protrusion  5a  of  the  stator 
and  the  pole  protrusion  3a  of  the  rotor  are  located  in  the 
state  shown  in  STEP  1  ,  the  magnetic  flux  is  headed 
from  a  corner  of  the  tooth  of  the  pole  protrusion  5a  of 
the  stator  toward  a  corner  of  the  tooth  of  the  pole  protru- 

sion  3a  of  the  rotor,  passes  along  the  path  indicated  by 
the  broken  line  in  the  drawing,  and  flows  while  being 
curved.  At  this  time,  since  the  magnetic  line  of  force  is  in 
an  unstable  state,  and  magnetic  attraction  acts  in  a 

5  magnetically  stable  direction  in  which  the  magnetic  flux 
flows  straightly,  the  rotor  2  moves  in  the  direction  of 
arrows. 
[0006]  When  the  rotor  2  reaches  the  position  of  STEP 
2  which  is  magnetically  most  stable,  the  magnetic 

10  attraction  ceases  to  act  in  the  circumferential  direction 
and  acts  only  in  the  radial  direction,  so  that  torque  does 
not  occur.  Accordingly,  by  changing  over  the  energizing 
phase  from  phase  A  to  phase  B,  the  pole  protrusion  5f 
of  the  stator  and  the  pole  protrusion  3d  of  the  rotor  are 

15  set  in  a  state  of  being  spaced  apart  from  each  other, 
and  produce  the  magnetically  unstable  state  again, 
thereby  producing  a  torque.  For  this  reason,  the  rotor  2 
moves  in  the  direction  of  the  arrow  shown  in  STEP  3. 
[0007]  In  the  above-described  manner,  the  rotor  2  can 

20  be  rotatively  driven  by  consecutively  changing  over  the 
energizing  phases  of  the  windings  in  correspondence 
with  the  positions  of  the  pole  protrusions  3  of  the  rotor  3. 
At  this  time,  if  it  is  assumed  that  the  winding  current  is  i, 
the  number  of  turns  is  N,  the  winding  inductance  is  L, 

25  and  the  position  of  the  rotor  is  6,  then  the  torque  T  which 
is  generated  in  the  range  where  magnetic  saturation 
does  not  occur  can  be  expressed  by  Formula  (1): 

T=  1/2  •  (N  •  i)2  •  dl_/de  (1) 
30 

[0008]  Namely,  torque  is  proportional  to  the  square  of 
the  winding  current  and  the  change  in  the  winding 
inductance  with  respect  to  the  position  of  the  rotor.  In 
particular,  the  change  in  the  inductance  is  a  term  which 

35  is  largely  ascribable  to  the  tooth  profiles  of  the  pole  pro- 
trusions  3  of  the  rotor  and  the  pole  protrusions  5  of  the 
stator.  That  is,  to  make  the  torque  large,  it  is  desirable  to 
enlarge  the  salient  pole  ratio  (Lmax/Lmin),  i.e.,  the  ratio 
between  the  inductance  at  the  position  where  the  teeth 

40  of  the  pole  protrusion  3  of  the  rotor  and  the  pole  protru- 
sion  5  of  the  stator  are  aligned  with  each  other  with 
respect  to  the  energizing  phase  (maximum  inductance: 
Lmax)  and  the  inductance  at  the  position  where  the 
teeth  of  the  pole  protrusion  3  of  the  rotor  and  the  pole 

45  protrusion  5  of  the  stator  are  most  remote  from  each 
other  (minimum  inductance:  Lmin).  For  this  reason,  with 
the  conventional  reluctance  motor,  the  tooth  profile  of 
each  of  the  pole  protrusions  3  and  5  has  parallel  straight 
sides  from  the  standpoint  of  improvement  of  the  salient 

so  pole  ratio. 
[0009]  In  addition,  Figs.  20  and  21  show  a  variable 
reluctance  motor  disclosed  in  Japanese  Utility  Model 
Application  Laid-Open  No.  65056/1990.  Fig.  20  is  a  side 
elevational  view  schematically  illustrating  the  conven- 

55  tional  variable  reluctance  motor,  and  Fig.  21  is  a  per- 
spective  view,  partly  in  section,  of  the  stator.  In  the 
drawings,  reference  numeral  1  denotes  the  rotor  shaft;  2 
denotes  the  rotor;  3a,  3b,  3c,  and  3d  denote  the  pole 
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protrusions  of  the  rotor;  4  denotes  the  stator;  5a,  5b, 
and  5c  denote  the  pole  protrusions  of  the  stator;  6 
denotes  the  winding;  19a  and  19b  denote  projecting 
portions;  20  denotes  a  retaining  member;  and  21 
denotes  a  retaining  portion.  5 
[0010]  As  shown  in  the  drawings,  the  stator  4  has  a 
plurality  of  pole  protrusions  5  on  its  inner  peripheral 
side,  and  the  winding  6  is  wound  around  each  pole  pro- 
trusion  5.  The  rotor  2  is  disposed  on  the  inner  peripheral 
side  of  the  stator  4,  and  the  plurality  of  pole  protrusions  10 
3  are  provided  on  its  outer  peripheral  side.  The  retaining 
members  20  which  are  formed  from  an  insulating  mate- 
rial  are  respectively  retained  in  such  a  manner  as  to 
straddle  the  pole  protrusions  5,  and  abut  against  the 
windings  6  wound  around  the  respective  pole  protru-  15 
sions,  so  as  to  prevent  the  windings  6  from  coming  of 
the  pole  protrusions  5. 
[0011]  In  addition,  Fig.  22  is  a  cross-sectional  view 
schematically  illustrating  the  conventional  compressor- 
driving  motor.  In  the  drawing,  reference  numeral  1  20 
denotes  the  rotor  shaft;  2,  the  rotor;  4,  the  stator;  6,  the 
winding;  and  22,  a  slotted  portion. 
[001  2]  The  conventional  compressor-driving  motor  is 
constituted  by  an  induction  motor,  a  permanent  magnet- 
type  motor,  or  the  like,  and  its  rotor  has  the  structure  of  25 
a  round  cross  section,  as  shown  in  Fig.  22.  For  this  rea- 
son,  in  the  case  where  the  motor  is  used  as  the  com- 
pressor-driving  motor,  the  outer  peripheral  portion  of  the 
stator  4  is  not  formed  with  a  completely  circular  shape, 
but  is  provided  with  the  slotted  portions  22.  30 
[001  3]  The  conventional  reluctance  motor  configured 
as  described  above  has  had  the  following  problems. 
[0014]  With  the  reluctance  motor  sown  in  Fig.  18, 
since  the  tooth  profile  of  each  pole  protrusion  5  of  the 
stator  has  a  parallel  straight-sided  shape,  it  is  difficult  to  35 
hold  the  windings  6,  and  if  an  attempt  is  made  to 
increase  the  space  factor  of  the  windings  6,  there 
occurs  a  failure  such  as  the  slipping  off  of  the  windings 
6  to  the  inner  peripheral  side  of  the  stator  4,  thereby 
hampering  the  improvement  of  the  space  factor.  Fur-  40 
ther,  if  the  space  factor  is  made  unduly  large,  the  wind- 
ings  6  bulge  to  the  inner  peripheral  side  of  the  stator  4, 
giving  rise  to  the  failure  such  as  that  it  becomes  impos- 
sible  for  the  rotor  2  to  be  incorporated  on  the  inner 
peripheral  side  of  the  stator  4.  For  this  reason,  with  the  45 
conventional  stator  4  having  the  straight  sides,  it  has 
been  inevitable  to  make  the  space  factor  of  the  windings 
6  small.  Namely,  it  has  been  necessary  to  decrease  the 
wire  diameter  of  the  windings  6  or  reduce  the  number  of 
turns.  This  results  in  an  increase  in  the  winding  resist-  so 
ance  and  an  increase  in  the  winding  current,  so  that 
there  have  been  problems  in  that  the  copper  loss 
increases,  and  the  efficiency  declines. 
[0015]  In  addition,  with  the  reluctance  motor  shown  in 
Figs.  20  and  21,  the  projecting  portions  19a  and  19b,  55 
which  project  in  the  circumferential  direction,  are  pro- 
vided  at  inner  peripheral  end  portions  of  each  pole  pro- 
trusion  5  of  the  stator  so  as  to  prevent  the  windings  6 

from  slipping  off  by  means  of  these  projecting  portions 
19a  and  19b,  thereby  facilitating  the  holding  of  the  wind- 
ings  6.  These  projecting  portions  19a  and  19b  are  pro- 
vided  at  all  the  inner  peripheral  end  portions  of  the  pole 
protrusions  5  of  the  stator  over  the  entire  axial  length. 
[0016]  As  described  above,  the  reluctance  motor  has 
a  double  salient  pole  structure  in  which  both  the  stator  4 
and  the  rotor  2  have  pole  protrusions,  and  it  has  been 
clarified  through  experiments  and  magnetic-field  analy- 
sis  that,  to  bring  out  the  torque  most  effectively,  in  light 
of  the  improvement  of  the  salient  pole  ratio  it  is  desirable 
to  make  substantially  equal  the  dimensions  of  the  tooth 
width  of  the  pole  protrusion  5  of  the  stator  and  the 
groove  width  of  the  stator  4  and  make  substantially 
equal  the  dimensions  of  the  tooth  width  of  the  pole  pro- 
trusion  5  of  the  stator  and  the  tooth  width  of  the  pole 
protrusion  3  of  the  rotor.  However,  in  the  structure  of  the 
projecting  portions  1  9a  and  1  9b  provided  over  the  entire 
axial  length,  the  tooth  width  of  the  pole  protrusion  5  of 
the  stator  becomes  large  relative  to  the  groove  width  of 
the  stator  4,  resulting  in  a  decline  in  the  salient  pole  ratio 
necessary  for  effectively  bringing  out  the  torque.  Conse- 
quently,  to  obtain  the  same  torque,  a  greater  current  is 
conventionally  required,  causing  an  increase  in  copper 
loss  and  deteriorating  the  efficiency. 
[001  7]  In  addition,  the  stator  of  the  compressor-driving 
motor  is  provided  with  the  slotted  portions  22  in  the 
outer  peripheral  portion  of  the  stator  to  secure  pas- 
sages  for  a  refrigerant  gas,  but  these  slotted  portions  22 
makes  the  core  back  portion  of  the  stator  thin.  As  a 
result,  the  magnetic  flux  density  of  the  core  back  portion 
increases,  which  deteriorates  the  magnetic  characteris- 
tics,  resulting  in  an  increase  in  iron  loss. 

SUMMARY  OF  THE  INVENTION 

[0018]  The  present  invention  has  been  devised  to 
overcome  the  above-described  problems,  and  an  object 
of  the  present  invention  is  to  obtain  a  highly  efficient 
reluctance  motor  which  facilitates  the  holding  of  the 
windings,  and  causes  no  decline  in  the  salient  pole 
ration  while  improving  the  space  factor. 
[0019]  Another  object  of  the  present  invention  is  to 
obtain  a  highly  efficient  reluctance  motor  which  is  capa- 
ble  of  reducing  the  iron  loss  due  to  the  arrangement 
having  the  slotted  portions  in  the  outer  peripheral  por- 
tion  of  the  stator  in  the  compressor-driving  motor. 
[0020]  In  accordance  with  a  first  arrangement  of  the 
present  invention,  there  is  provided  a  reluctance  motor 
provided  with  a  stator  which  has  a  plurality  of  pole  pro- 
trusions  provided  on  an  inner  peripheral  side  thereof 
and  around  each  of  which  a  winding  is  wound  as  well  as 
a  rotor  which  is  disposed  on  the  inner  peripheral  side  of 
the  stator  and  has  a  plurality  of  pole  protrusions  on  an 
outer  side  thereof,  comprising:  winding  holding  means 
provided  respectively  at  axially  opposite  end  portions  of 
each  of  the  pole  protrusions  of  the  stator  so  as  to  hold 
the  windings  respectively  wound  around  the  pole  protru- 
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sions  on  inner  peripheral  sides  of  the  pole  protrusions. 
[0021]  In  accordance  with  a  second  arrangements  of 
the  present  invention,  the  reluctance  motor  in  the  first 
arrangement  further  comprises:  winding  holding  means 
provided  between  the  axially  opposite  end  portions  of  s 
each  of  the  pole  protrusions  of  the  stator  independently 
of  the  winding  holding  means  provided  respectively  at 
axially  opposite  end  portions  of  each  of  the  pole  protru- 
sions  of  the  stator. 
[0022]  In  accordance  with  a  third  arrangement  of  the  10 
present  invention,  in  the  reluctance  motor  in  the  first  or 
second  arrangement,  the  winding  holding  means  is  con- 
stituted  by  retaining  portions  which  are  respectively  pro- 
vided  on  side  surfaces  of  an  inner  peripheral-side  end 
portion  of  each  of  the  pole  protrusions  of  the  stator.  is 
[0023]  In  accordance  with  a  fourth  arrangement  of  the 
present  invention,  the  reluctance  motor  in  the  third 
arrangement  further  comprises:  winding  holding  mem- 
bers  each  retained  by  retaining  portions  provided  on  the 
inner  peripheral-side  end  portions  of  adjacent  ones  of  20 
the  pole  protrusions  to  hold  the  windings  on  inner 
peripheral  sides  of  the  windings. 
[0024]  In  accordance  with  a  fifth  arrangement  of  the 
present  invention,  in  the  reluctance  motor  in  the  fourth 
arrangement,  the  winding  holding  member  at  each  axial  25 
end  portion  is  inserted  between  the  adjacent  ones  of 
the  pole  protrusions  of  the  stator  from  an  axial  end  por- 
tion  side,  and  has  a  stopper  portion  indicating  the  termi- 
nation  of  insertion  by  retaining  the  axial  end  portion  and 
a  sleeve  portion  which  is  tapered  such  that  the  radial  30 
thickness  of  its  inserted-side  distal  end  becomes  thin- 
ner. 
[0025]  In  accordance  with  a  sixth  arrangement  of  the 
present  invention,  in  the  reluctance  motor  in  the  fourth 
or  fifth  arrangement,  each  of  the  retaining  portions  is  35 
formed  by  a  slot. 
[0026]  In  accordance  with  a  seventh  arrangement  of 
the  present  invention,  the  reluctance  motor  in  any  one  of 
the  first  to  sixth  arrangements  further  comprises:  wind- 
ing  holding  members  each  disposed  between  adjacent  40 
ones  of  the  windings  and  formed  of  an  insulating  mate- 
rial. 
[0027]  In  accordance  with  an  eighth  arrangement  of 
the  present  invention,  in  the  reluctance  motor  in  any  one 
of  the  third  to  seventh  arrangements,  the  stator  is  45 
formed  by  a  plurality  of  laminated  plates  which  are  lam- 
inated  in  the  axial  direction,  and  the  laminated  plates  at 
each  of  the  axially  opposite  end  portions  are  arranged 
such  that  the  laminating  plates  provided  with  the  retain- 
ing  portions  on  the  side  surfaces  of  the  inner  peripheral-  so 
side  end  and  the  laminating  plates  having  straight  side 
surfaces  are  alternately  laminated  in  units  of  one  or 
more  plates  of  a  same  kind  to  constitute  the  winding 
holding  means. 
[0028]  In  accordance  with  a  ninth  arrangement  of  the  55 
present  invention,  there  is  provided  a  compressor-driv- 
ing  reluctance  motor  comprising:  a  reluctance  motor 
provided  with  a  stator  which  has  a  plurality  of  pole  pro- 

trusions  provided  on  an  inner  peripheral  side  thereof 
and  around  each  of  which  a  winding  is  wound  as  well  as 
a  rotor  which  is  disposed  on  the  inner  peripheral  side  of 
the  stator  and  has  a  plurality  of  pole  protrusions  on  an 
outer  side  thereof;  a  casing  for  accommodating  the 
reluctance  motor;  a  suction  pipe  for  introducing  a  heat 
transfer  medium  into  the  casing;  and  a  discharge  pipe 
for  leading  the  heat  transfer  medium  out  of  the  casing, 
wherein  an  outer  peripheral  portion  of  the  stator  of  the 
reluctance  motor  is  made  almost  completely  circular, 
and  the  heat  transfer  medium  introduced  from  the  suc- 
tion  pipe  is  circulated  through  a  gap  between  the  stator 
and  the  rotor,  and  is  led  out  from  the  discharge  pipe. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

[0029] 

Fig.  1  is  a  cross-sectional  view  illustrating  a  reluc- 
tance  motor  in  accordance  with  a  first  embodiment; 
Fig.  2  is  a  partial  side  view  in  which  the  pole  protru- 
sion  of  the  stator  in  accordance  with  the  first 
embodiment  is  viewed  from  the  inner  peripheral 
side; 
Fig.  3  is  a  partial  side  view  in  which  the  pole  protru- 
sion  of  the  stator  in  accordance  with  second 
embodiment  of  the  present  invention  is  viewed  from 
the  inner  peripheral  side; 
Fig.  4  is  a  cross-sectional  view  illustrating  the  stator 
in  accordance  with  a  third  embodiment  of  the 
present  invention; 
Fig.  5  is  a  partial  side  view  in  which  pole  protrusions 
of  the  stator  in  accordance  with  the  third  embodi- 
ment  are  viewed  from  the  inner  peripheral  side; 
Fig.  6  is  a  top  view  illustrating  the  stator  in  accord- 
ance  with  a  fourth  embodiment  of  the  present 
invention; 
Fig.  7  is  a  partial  side  view  in  which  pole  protrusions 
of  the  stator  in  accordance  with  the  fourth  embodi- 
ment  are  viewed  from  the  inner  peripheral  side; 
Fig.  8  is  a  perspective  view  illustrating  a  winding 
holding  member  in  accordance  with  the  fourth 
embodiment; 
Fig.  9  is  a  partial  side  view  in  which  pole  protrusions 
of  the  stator  in  accordance  with  a  fifth  embodiment 
are  viewed  from  the  inner  peripheral  side; 
Fig.  10  is  a  partial  side  view  in  which  pole  protru- 
sions  of  the  stator  in  accordance  with  a  sixth 
embodiment  are  viewed  from  the  inner  peripheral 
side; 
Fig.  1  1  is  a  partial  side  view  in  which  pole  protru- 
sions  of  the  stator  in  accordance  with  a  seventh 
embodiment  are  viewed  from  the  inner  peripheral 
side; 
Fig.  12  is  a  top  view  illustrating  the  stator  in  accord- 
ance  with  an  eighth  embodiment  of  the  present 
invention; 
Fig.  13  is  a  top  view  illustrating  the  stator  in  accord- 
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ance  with  a  ninth  embodiment  of  the  present  inven- 
tion; 
Fig.  14  is  a  partial  enlarged  top  view  of  the  stator  in 
accordance  with  the  ninth  embodiment; 
Fig.  15  is  a  partial  side  view  in  which  pole  protru- 
sions  of  the  stator  in  accordance  with  the  ninth 
embodiment  are  viewed  from  the  inner  peripheral 
side 
Fig.  16  is  a  partial  side  view  in  which  pole  protru- 
sions  of  the  stator  in  accordance  with  a  10th 
embodiment  are  viewed  from  the  inner  peripheral 
side; 
Fig.  17  is  a  diagram  schematically  illustrating  a 
compressor-driving  reluctance  motor  in  accord- 
ance  with  an  1  1th  embodiment; 
Fig.  18  is  a  cross-sectional  view  illustrating  a  con- 
ventional  reluctance  motor; 
Fig.  19  is  an  explanatory  diagram  illustrating  the 
basic  principle  of  the  driving  of  the  reluctance 
motor; 
Fig.  20  is  a  side  elevational  view  illustrating  the 
schematic  arrangement  of  the  conventional  reluc- 
tance  motor; 
Fig.  21  is  a  perspective  view,  partly  in  section,  illus- 
trating  the  arrangement  of  the  conventional  reluc- 
tance  motor;  and 
Fig.  22  is  a  cross-sectional  view  illustrating  the  sta- 
tor  of  a  conventional  compressor-driving  motor. 

DETAILED  DESCRIPTION  OF  THE  PREFERRED 
EMBODIMENTS 

[0030]  Hereafter,  a  description  will  be  given  of  the 
embodiments  of  the  present  invention  with  reference  to 
the  drawings.  In  the  drawings,  portions  which  are 
denoted  by  the  same  reference  numerals  denote  identi- 
cal  or  corresponding  component  elements. 

First  Embodiment 

[0031]  Hereafter,  a  description  will  be  given  of  the 
reluctance  motor  in  accordance  with  a  first  embodiment 
of  the  present  invention.  Figs.  1  and  2  are  diagrams 
illustrating  the  reluctance  motor  in  accordance  with  the 
first  embodiment,  in  which  Fig.  1  is  a  cross-sectional 
view  illustrating  the  reluctance  motor  in  accordance  with 
this  embodiment,  and  Fig.  2  is  a  partial  side  view  in 
which  the  pole  protrusion  of  the  stator  in  accordance 
with  the  first  embodiment  is  viewed  from  the  inner 
peripheral  side. 
[0032]  In  the  drawing,  reference  numeral  1  denotes  a 
rotor  shaft;  2  denotes  a  rotor;  3a,  3b,  3c,  and  3d  denote 
pole  protrusions  of  the  rotor;  4  denotes  a  stator;  5a,  5b, 
5c  5f  denote  pole  protrusions  of  the  stator;  6 
denotes  a  winding  wound  around  each  of  the  pole  pro- 
trusions  5  of  the  stator;  7  denotes  a  gap  between  the 
stator  4  and  the  rotor  2;  8  denotes  a  winding  holding 
means,  e.g.,  a  winding  holding  portion;  12  denotes  a 

groove  provided  in  the  stator  4;  and  13  denotes  an  insu- 
lating  portion  surrounding  the  groove  12. 
[0033]  In  the  reluctance  motor  in  accordance  with  this 
embodiment,  the  rotor  2  is  arranged  around  the  outer 

5  periphery  of  the  rotor  shaft  1,  and  has  on  its  outer 
periphery  a  plurality  of,  e.g.,  four,  pole  protrusions  3a, 
3b,  3c,  and  3d  of  the  rotor  arranged  at  equal  intervals 
and  having  equal  shapes.  The  stator  4  is  arranged 
around  the  outer  peripheral  side  of  the  rotor  2  with  the 

10  gap  7  therebetween,  and  has  on  its  inner  peripheral 
side  a  plurality  of,  e.g.,  six,  pole  protrusions  5a,  5b,  5c, 

5f  of  the  stator  arranged  at  equal  intervals  and  hav- 
ing  equal  shapes.  In  addition,  the  insulating  portion  13 
formed  of,  for  instance,  insulating  paper  is  provided 

15  around  each  of  the  grooves  1  2  adjacent  to  the  pole  pro- 
trusions  5a,  5b,  5c  5f  of  the  stator.  The  winding  6  is 
wound  around  each  of  the  pole  protrusions  5a,  5b  5f 
of  the  stator.  Each  of  the  rotor  2  and  the  stator  4  is 
formed  by  laminated  steel  plates  which  are  laminated  in 

20  the  axial  direction. 
[0034]  As  shown  in  Fig.  2,  the  winding  holding  por- 
tions  8  for  holding  the  winding  wound  around  the  pole 
protrusion  are  provided  at  axially  opposite  end  portions 
of  each  pole  protrusion  5  of  the  stator  on  the  inner 

25  peripheral  side  of  the  pole  protrusion.  The  winding  hold- 
ing  portions  8  are  retaining  portions  which  are  provided 
on  opposite  side  surfaces  of  inner  peripheral  end  por- 
tions  of  each  pole  protrusion  5,  and  are  arranged  such 
that  a  distal  end  portion  of  the  pole  protrusion  5 

30  becomes  convex  in  the  circumferential  direction.  The 
winding  wound  around  the  pole  protrusion  5  is  retained 
by  the  holding  portions  8,  and  can  be  prevented  from 
slipping  off  the  distal  end  portion  of  the  pole  protrusion 
5.  It  should  be  noted  that,  as  for  the  axial  thickness  of 

35  the  winding  holding  portion  8  forming  the  convex  shape 
and  provided  on  each  inner  peripheral  side  surface  of 
the  pole  protrusion,  it  suffices  if  the  thickness  provides 
strength  sufficient  to  withstand  the  pressure  acting  on 
the  inner  peripheral  side  of  the  winding  6.  In  addition, 

40  opposite  side  surfaces  of  the  pole  protrusion  5  of  the 
stator  at  portions  other  than  the  axially  opposite  end 
portions  are  configured  in  the  same  straight  shape  as  in 
the  conventional  example. 
[0035]  As  described  above,  with  the  reluctance  motor 

45  in  accordance  with  this  embodiment,  the  winding  hold- 
ing  portions  8  are  provided  at  the  respective  axially 
opposite  end  portions  of  each  pole  protrusion  of  the  sta- 
tor.  By  virtue  of  such  a  simple  structure,  the  holding  of 
the  windings  6  is  facilitated,  the  windings  6  are  pre- 

50  vented  from  slipping  off  the  pole  protrusions  5  of  the  sta- 
tor  during  a  winding  operation,  and  the  windings  6  are 
prevented  from  bulging  toward  the  inner  peripheral  side 
more  than  the  inner  periphery  of  the  stator,  thereby  facil- 
itating  the  winding  operation. 

55  [0036]  In  addition,  the  winding  holding  portions  8  are 
not  provided  over  the  entire  axial  length  of  the  pole  pro- 
trusion  5,  and  the  shape  of  each  pole  protrusion  at  por- 
tions  other  than  the  axially  opposite  end  portions  of  the 
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pole  protrusion  5  of  the  stator  is  configured  in  the  same 
straight  shape  as  in  the  conventional  example.  For  this 
reason,  at  portions  where  the  winding  holding  portions 
8  are  not  provided,  dimensions  of  the  tooth  width  of  the 
pole  protrusion  5  of  the  stator  and  the  groove  width  of 
the  stator  are  substantially  equal,  and  dimensions  of  the 
tooth  width  of  the  pole  protrusion  5  of  the  stator  and  the 
tooth  width  of  the  pole  protrusion  3  of  the  rotor  are  sub- 
stantially  equal.  Therefore,  the  structure  is  very  desira- 
ble  for  generating  torque  effectively.  Accordingly,  it  is 
possible  to  realize  an  efficient  reluctance  motor  without 
causing  a  decline  in  the  salient  pole  ratio.  At  the  same 
time,  due  to  the  fact  that  the  holding  of  the  windings  6  is 
facilitated,  it  is  possible  to  improve  the  space  factor  of 
the  windings  6,  so  that  it  is  possible  to  realize  a  highly 
efficient  reluctance  motor  in  which  the  copper  loss  is 
reduced. 
[0037]  In  addition,  in  the  case  where  the  conventional 
reluctance  motor  is  used  as  the  compressor-driving 
reluctance  motor,  since  the  cross  section  of  the  conven- 
tional  rotor  has  a  round  shape  as  shown  in  Fig.  22,  the 
slotted  portions  are  provided  in  the  outer  peripheral  por- 
tion  of  the  stator  to  secure  passages  for  a  refrigerant 
gas,  i.e.,  a  heat  transfer  medium.  However,  in  the  case 
where  the  reluctance  motor  in  accordance  with  this 
embodiment  is  used  as  the  compressor-driving  motor, 
in  the  rotor  2  disposed  on  the  inner  peripheral  side  of 
the  stator  4,  the  structure  provided  is  such  that  a  large 
space  portion  is  provided  between,  for  instance,  the 
pole  protrusion  3a  and  its  adjacent  pole  protrusion  3b, 
so  that  such  space  portions  can  be  used  as  passages 
for  the  refrigerant  gas.  For  this  reason,  the  conventional 
slotted  portions  become  unnecessary.  Therefore,  it  is 
possible  to  restrain  an  increase  in  the  magnetic  flux 
density  of  the  core  back  portion  of  the  stator,  so  that  it  is 
possible  to  realize  a  reluctance  motor  having  excellent 
magnetic  characteristics  and  a  low  iron  loss. 

Second  Embodiment 

[0038]  Hereafter,  a  description  will  be  given  of  the 
reluctance  motor  in  accordance  with  a  second  embodi- 
ment  of  the  present  invention.  Fig.  3  is  a  partial  side 
view  in  which  the  pole  protrusion  of  the  stator  in  accord- 
ance  with  this  embodiment  is  viewed  from  the  inner 
peripheral  side.  Although  the  arrangement  provided  in 
the  first  embodiment  is  such  that  the  winding  holding 
portions  are  provided  only  at  the  axially  opposite  end 
portions  of  each  pole  protrusion  of  the  stator,  this 
embodiment  is  characterized  in  that  the  winding  holding 
means  is  provided  also  in  an  axially  central  portion  of 
the  stator.  For  instance,  winding  holding  portions  8a  and 
8b  are  respectively  provided  at  axially  opposite  end  por- 
tions  of  the  pole  protrusion  5,  and  a  winding  holding  por- 
tion  8c  is  also  provided  in  the  axially  central  portion  of 
the  pole  protrusion  5  independently  thereof. 
[0039]  As  described  above,  with  the  reluctance  motor 
in  this  embodiment,  the  winding  holding  portions  8a,  8b, 

and  8c  are  respectively  provided  at  the  axially  opposite 
end  portions  and  the  axially  central  portion  of  each  pole 
protrusion  of  the  stator.  For  this  reason,  the  holding  of 
the  windings  6  is  facilitated,  the  windings  6  are  pre- 

5  vented  from  slipping  off  the  pole  protrusions  5  of  the  sta- 
tor  during  the  winding  operation,  and  the  windings  6  are 
prevented  from  bulging  toward  the  inner  peripheral  side 
more  than  the  inner  periphery  of  the  stator,  thereby  facil- 
itating  the  winding  operation.  In  particular,  with  the 

10  reluctance  motor  in  accordance  with  this  embodiment, 
since  the  axially  central  portions  of  the  windings  6  are 
also  held  by  the  winding  holding  portions  8c,  the 
arrangement  is  effective  for  a  motor  having  a  large  axi- 
ally  layered  thickness,  i.e.,  a  motor  in  which  the  circum- 

15  ference  of  the  winding  is  long.  Since  the  arrangement 
provided  is  such  that  the  winding  holding  portions  8  are 
also  provided  between  the  axially  opposite  end  portions 
of  the  stator  in  correspondence  with  the  layered  thick- 
ness,  as  necessary,  it  is  possible  to  more  reliably  obtain 

20  an  effect  similar  to  that  of  the  first  embodiment. 
[0040]  In  this  embodiment  as  well,  the  winding  holding 
portions  are  not  provided  over  the  entire  axial  length  of 
the  pole  protrusion  5,  and  the  shape  of  each  pole  pro- 
trusion  at  portions  other  than  the  axially  opposite  end 

25  portions  and  the  axially  central  portion  of  the  pole  pro- 
trusion  5  of  the  stator  is  configured  in  the  same  straight 
shape  as  in  the  conventional  example.  For  this  reason, 
at  portions  where  the  winding  holding  portions  8  are  not 
provided,  dimensions  of  the  tooth  width  of  the  pole  pro- 

30  trusion  5  of  the  stator  and  the  groove  width  of  the  stator 
are  substantially  equal,  and  dimensions  of  the  tooth 
width  of  the  pole  protrusion  5  of  the  stator  and  the  tooth 
width  of  the  pole  protrusion  3  of  the  rotor  are  substan- 
tially  equal.  Therefore,  the  structure  is  very  desirable  for 

35  generating  torque  effectively.  Accordingly,  it  is  possible 
to  realize  an  efficient  reluctance  motor  without  causing 
a  decline  in  the  salient  pole  ratio.  At  the  same  time,  due 
to  the  fact  that  the  holding  of  the  windings  6  is  facilitated, 
it  is  possible  to  improve  the  space  factor  of  the  windings 

40  6,  so  that  it  is  possible  to  realize  a  highly  efficient  reluc- 
tance  motor  in  which  the  copper  loss  is  reduced. 
[0041]  Although,  in  this  embodiment,  the  winding 
holding  portions  8a  and  8b  are  respectively  provided  at 
the  axially  opposite  end  portions  of  the  stator,  and  a  sin- 

45  gle  winding  holding  portion  8c  is  provided  in  the  central 
portion  therebetween,  it  goes  without  saying  that  if  a 
plurality  of  winding  holding  portion  8c  are  provided 
between  the  axially  opposite  end  portions  of  the  stator, 
it  is  possible  to  obtain  an  effect  similar  to  that  of  the  first 

so  embodiment  in  terms  of  the  holding  of  the  windings. 
However,  from  the  standpoint  of  the  salient  pole  ratio, 
the  winding  holding  portions  8  should  be  preferably  pro- 
vided  in  a  minimum  number  that  allows  the  windings  6 
to  be  held. 

55 
Third  Embodiment 

[0042]  Hereafter,  a  description  will  be  given  of  the 
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reluctance  motor  in  accordance  with  a  third  embodi- 
ment  of  the  present  invention.  Figs.  4  and  5  are  dia- 
grams  illustrating  the  reluctance  motor  in  accordance 
with  the  third  embodiment,  in  which  Fig.  4  is  a  cross- 
sectional  view  illustrating  the  stator,  and  Fig.  5  is  a  par-  5 
tial  side  view  in  which  pole  protrusions  of  the  stator  are 
viewed  from  the  inner  peripheral  side. 
[0043]  In  the  drawing,  reference  numeral  4  denotes 
the  stator;  5a,  5b,  5c  5f  denote  the  pole  protrusions 
of  the  stator;  6  denotes  the  winding;  7  denotes  the  gap;  10 
8  denotes  the  winding  holding  portion,  9,  9a,  and  9b 
denote  winding  holding  members  formed  of  an  insula- 
tor;  12  denotes  the  groove;  and  13  denotes  the  insulat- 
ing  portion. 
[0044]  The  reluctance  motor  in  accordance  with  this  is 
embodiment  has  a  plurality  of,  e.g.,  six,  pole  protrusions 
5a,  5b,  5c  5f  of  the  stator  arranged  at  equal  intervals 
and  having  equal  shapes,  and  the  winding  holding  por- 
tions  8  forming  the  convex  shape  in  the  circumferential 
direction  are  provided  on  both  side  surfaces  of  inner  20 
peripheral-side  distal  end  portions  of  each  pole  protru- 
sion.  These  winding  holding  portions  8  are  arranged  at 
the  axially  opposite  end  portions  of  the  pole  protrusion 
5  of  the  stator,  as  shown  in  Fig.  5.  At  this  time,  the  shape 
of  the  pole  protrusion  5  at  portions  other  than  the  axially  25 
opposite  end  portions  is  configured  in  the  parallel 
straight  shape.  In  addition,  the  winding  holding  mem- 
bers  9a  and  9b  are  formed  of  an  insulator  or  a  nonmag- 
netic  material  such  as  a  resin,  and  are  retained  by  the 
retaining  portions  which  are  the  winding  holding  por-  30 
tions  8  provided  on  the  inner  peripheral-side  end  por- 
tions  of  adjacent  ones  of  the  pole  protrusions,  e.g.,  the 
pole  protrusions  5a  and  5f.  The  winding  holding  mem- 
bers  9a  and  9b  are  disposed  between  the  winding  6  and 
the  winding  holding  portions  8,  and  hold  the  winding  6  35 
from  the  inner  peripheral  side.  Incidentally,  the  insulat- 
ing  portion  13  is  disposed  around  the  groove  12  adja- 
cent  to  the  pole  protrusions  5a,  5b,  5c  5f  of  the 
stator. 
[0045]  The  winding  holding  members  9a  and  9b  are  40 
disposed  at  the  axially  opposite  end  portions  of  the  pole 
protrusion  5  of  the  stator  in  the  same  way  as  the  winding 
holding  portions  8. 
[0046]  With  the  reluctance  motor  in  accordance  with 
this  embodiment  configured  as  described  above,  the  45 
winding  holding  members  9a  and  9b  are  respectively 
provided  at  the  axially  opposite  end  portions  of  each 
pole  protrusion  5  of  the  stator  where  the  largest  stress 
of  the  winding  6  is  applied.  For  this  reason,  the  holding 
of  the  windings  6  is  facilitated,  the  windings  6  are  pre-  so 
vented  from  slipping  off  the  pole  protrusions  5  of  the  sta- 
tor,  and  the  windings  6  are  prevented  from  bulging 
toward  the  inner  peripheral  side  more  than  the  inner 
periphery  of  the  stator,  thereby  facilitating  the  winding 
operation.  55 
[0047]  In  addition,  since  the  shape  of  the  pole  protru- 
sion  at  portions  other  than  the  axially  opposite  end  por- 
tions  of  the  pole  protrusion  5  of  the  stator  is  configured 

in  the  parallel  straight  shape,  the  reluctance  motor  in 
accordance  with  this  embodiment  does  not  experience 
a  decrease  in  efficiency  which  is  otherwise  caused  by  a 
decline  in  the  salient  pole  ratio.  In  addition,  the  space 
factor  of  the  winding  6  can  be  improved,  so  that  it  is  pos- 
sible  to  realize  a  highly  efficient  reluctance  motor  in 
which  the  copper  loss  is  reduced.  Further,  because  the 
windings  6  are  held  securely,  the  rigidity  of  the  stator  4 
improves,  thereby  making  it  possible  to  realize  a  reluc- 
tance  motor  with  low  vibration. 

Fourth  Embodiment 

[0048]  Hereafter,  a  description  will  be  given  of  the 
reluctance  motor  in  accordance  with  a  fourth  embodi- 
ment  of  the  present  invention.  Figs.  6,  7,  and  8  are  dia- 
grams  illustrating  the  reluctance  motor  in  accordance 
with  the  fourth  embodiment.  Fig.  6  is  a  top  view  in  which 
end  portions  of  the  windings  of  the  stator  sectioned,  Fig. 
7  is  a  partial  side  view  in  which  pole  protrusions  of  the 
stator  are  viewed  from  the  inner  peripheral  side,  and 
Fig.  8  is  a  perspective  view  illustrating  the  winding  hold- 
ing  member  9. 
[0049]  In  this  embodiment,  the  winding  holding  mem- 
bers  9a  and  9b  at  the  axial  end  portions  are  inserted 
into  the  space  between  the  winding  holding  portions  8 
and  the  windings  6  from  the  axial  end  sides  in  such  a 
manner  as  to  straddle  the  adjacent  pole  protrusions  of 
the  stator.  Each  of  the  winding  holding  members  9a  and 
9b  has  a  stopper  portion  10  which  is  retained  at  the 
axial  end  to  indicate  the  completion  of  insertion  as  well 
as  a  sleeve  portion  1  1  which  is  tapered  such  that  the 
radial  thickness  of  its  inserted-side  distal  end  becomes 
thinner.  The  inclination  formed  on  the  sleeve  portion  1  1 
may  be  provided  on  either  the  inner  peripheral  side  or 
the  outer  peripheral  side,  or  on  both  sides. 
[0050]  As  the  winding  holding  members  9a  and  9b  are 
arranged  as  described  above,  it  is  possible  to  obtain  an 
effect  similar  to  that  of  the  third  embodiment.  Further,  by 
virtue  of  the  tapered  sleeve  portion  1  1  ,  the  insertion  of 
the  winding  holding  members  9a  and  9b  from  the  axial 
end  side  is  facilitated,  and  the  winding  holding  member 
9  can  always  be  fixed  reliably  in  place,  thereby  making  it 
possible  to  realize  a  reluctance  motor  in  which  the  wind- 
ings  6  are  held  firmly.  For  this  reason,  the  rigidity  of  the 
stator  4  improves,  with  the  result  that  a  reluctance  motor 
with  low  vibration  can  be  obtained. 
[0051]  It  should  be  noted  that  although,  in  Fig.  7,  the 
axial  length  where  the  winding  holding  portion  8  is  pro- 
vided  and  the  axial  length  of  each  of  the  winding  holding 
members  9a  and  9b  are  arranged  to  be  of  equal  length, 
the  present  invention  is  not  limited  to  the  same,  and  the 
axial  length  of  the  portion  where  the  winding  holding 
portion  8  is  provided  may  be  longer  or  shorter  than  the 
axial  length  of  each  of  the  winding  holding  members  9a 
and  9b. 

7 



13 EP  0  913  909  A1 14 

Fifth  Embodiment 

[0052]  Hereafter,  a  description  will  be  given  of  the 
reluctance  motor  in  accordance  with  a  fifth  embodiment 
of  the  present  invention.  Fig.  9  is  a  partial  side  view  in  s 
which  pole  protrusions  of  the  stator  in  accordance  with 
this  embodiment  are  viewed  from  the  inner  peripheral 
side. 
[0053]  Although,  in  the  fourth  embodiment,  the  wind- 
ing  6  is  held  by  the  two  winding  holding  members  9a  to 
and  9b  at  the  axially  opposite  end  portions  of  the  stator 
4,  a  continuous  winding  holding  member  9  is  provided  in 
this  embodiment.  The  winding  holding  portions  8  relat- 
ing  to  the  salient  pole  ratio,  however,  are  respectively 
provided  also  at  the  axially  opposite  end  portions  of  the  is 
pole  protrusion  5  of  the  stator,  so  that  the  reluctance 
motor  in  accordance  with  this  embodiment  does  not 
experience  a  decrease  in  efficiency  which  is  otherwise 
caused  by  a  decline  in  the  salient  pole  ratio.  In  addition, 
the  space  factor  of  the  windings  6  can  be  improved  in  20 
the  same  way  as  in  the  fourth  embodiment,  so  that  it  is 
possible  to  realize  a  highly  efficient  reluctance  motor  in 
which  the  copper  loss  is  reduced.  Further,  since  the 
winding  holding  member  9  is  formed  by  a  single  mem- 
ber,  the  windings  6  are  held  by  the  winding  holding  25 
member  9  from  one  axial  end  to  the  other  end  of  the  sta- 
tor  4.  For  this  reason,  the  holding  of  the  windings  6  is 
facilitated,  the  windings  6  at  portions  where  the  winding 
holding  portions  8  are  not  provided  are  prevented  from 
slipping  off  the  pole  protrusions  5  of  the  stator,  and  the  30 
windings  6  are  prevented  from  bulging  toward  the  inner 
peripheral  side  more  than  the  inner  periphery  of  the  sta- 
tor,  thereby  facilitating  the  winding  operation.  Further, 
because  the  windings  6  are  held  securely,  the  rigidity  of 
the  stator  4  improves,  thereby  making  it  possible  to  real-  35 
ize  a  reluctance  motor  with  low  vibration.  In  addition,  the 
operation  of  inserting  the  winding  holding  member  9  is 
effected  from  one  axial  end,  so  that  further  improvement 
of  the  operating  efficiency  can  be  realized. 

40 
Sixth  Embodiment 

[0054]  Hereafter,  a  description  will  be  given  of  the 
reluctance  motor  in  accordance  with  a  sixth  embodi- 
ment  of  the  present  invention.  Fig.  10  is  a  partial  side  45 
view  in  which  pole  protrusions  of  the  stator  in  accord- 
ance  with  this  embodiment  are  viewed  from  the  inner 
peripheral  side.  This  embodiment  shows  a  modification 
of  the  winding  holding  means  which  are  respectively 
provided  at  the  axially  opposite  end  portions  of  the  pole  so 
protrusion  5  of  the  stator.  The  stator  4  is  formed  by  lam- 
inated  plates  which  are  laminated  in  the  axial  direction, 
and  the  laminated  plates  at  each  axially  opposite  end 
portion  are  arranged  such  that  laminating  plates  pro- 
vided  with  retaining  portions  at  inner  peripheral-side  55 
ends  and  laminating  plates  having  straight  side  surfaces 
are  alternately  laminated  to  constitute  the  winding  hold- 
ing  means,  e.g.,  the  winding  holding  portion  8.  Thus,  the 

difference  with  the  fourth  embodiment  is  that  pole  pro- 
trusion  portions  each  having  the  winding  holding  por- 
tions  8  forming  a  convex  shape  in  the  circumferential 
direction  on  both  side  surfaces  of  the  inner  peripheral- 
side  distal  end  portion  of  the  pole  protrusion  of  the  sta- 
tor  and  pole  protrusion  portions  each  having  a  parallel 
and  straight  shape  are  laminated  alternately. 
[0055]  With  the  reluctance  motor  configured  as 
described  above,  since  the  pole  protrusion  portions  of 
the  stator  having  the  winding  holding  portions  8  and 
pole  protrusion  portions  of  the  stator  having  a  parallel 
and  straight  shape  are  laminated  alternately,  the  pro- 
portion  of  the  pole  protrusion  5  portions  of  the  stator 
having  the  winding  holding  portions  8  with  respect  to  the 
axial  length  is  reduced,  thereby  making  it  possible  to 
improve  the  salient  pole  ratio.  As  a  result,  it  is  possible 
to  realize  a  reluctance  motor  having  higher  efficiency. 

Seventh  Embodiment 

[0056]  Hereafter,  a  description  will  be  given  of  the 
reluctance  motor  in  accordance  with  a  seventh  embodi- 
ment  of  the  present  invention.  Fig.  1  1  is  a  partial  side 
view  in  which  pole  protrusions  of  the  stator  in  accord- 
ance  with  the  seventh  embodiment  are  viewed  from  the 
inner  peripheral  side.  This  embodiment  shows  a  modifi- 
cation  of  the  winding  holding  means  which  are  respec- 
tively  provided  at  the  axially  opposite  end  portions  of  the 
pole  protrusion  5  of  the  stator.  The  stator  4  is  formed  by 
laminated  plates  which  are  laminated  in  the  axial  direc- 
tion,  and  the  laminated  plates  at  each  axially  opposite 
end  portion  are  arranged  such  that  laminating  plates 
provided  with  retaining  portions  at  inner  peripheral-side 
ends  and  laminating  plates  having  straight  side  surfaces 
are  alternately  laminated  in  units  of  two  plates  of  the 
same  kind  to  constitute  the  winding  holding  means,  e.g., 
the  winding  holding  portion  8.  Thus,  the  difference  with 
the  sixth  embodiment  is  that  pole  protrusion  portions 
each  having  the  winding  holding  portions  and  pole  pro- 
trusion  portions  each  having  a  parallel  and  straight 
shape  are  laminated  alternately  not  in  units  of  one  plate 
of  the  same  kind  but  in  units  of  two  plates  of  the  same 
kind. 
[0057]  With  the  reluctance  motor  configured  as 
described  above,  in  the  same  way  as  in  the  sixth 
embodiment,  the  proportion  of  the  pole  protrusion  5  por- 
tions  of  the  stator  having  the  winding  holding  portions  8 
with  respect  to  the  axial  length  is  reduced,  thereby  mak- 
ing  it  possible  to  improve  the  salient  pole  ratio.  As  a 
result,  it  is  possible  to  realize  a  reluctance  motor  having 
higher  efficiency. 
[0058]  It  should  be  noted  that  although,  in  this  embod- 
iment,  the  pole  protrusion  portions  each  having  the 
winding  holding  portions  at  each  axially  opposite  end 
portion  of  the  pole  protrusion  of  the  stator  and  pole  pro- 
trusion  portions  each  having  a  parallel  and  straight 
shape  are  laminated  alternately  in  units  of  two  plates  of 
the  same  kind,  the  present  invention  is  not  limited  to 
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units  of  two  plates,  and  it  goes  without  saying  that  a  sim- 
ilar  effect  can  be  obtained  even  if  an  arrangement  is 
provided  such  that  the  laminating  plates  are  laminated 
alternately  in  units  of  three  or  more  plates  of  the  same 
kind.  5 

Eighth  Embodiment 

[0059]  Hereafter,  a  description  will  be  given  of  the 
reluctance  motor  in  accordance  with  an  eighth  embodi-  to 
ment  of  the  present  invention.  Fig.  12  is  a  top  view  illus- 
trating  the  stator  of  the  reluctance  motor  in  accordance 
with  the  eighth  embodiment,  and  ends  of  the  windings 
are  shown  sectioned.  In  this  embodiment,  the  winding 
holding  member  9,  which  is  formed  from  a  nonmagnetic  ts 
material,  i.e.,  an  insulating  material,  is  provided  in  such 
a  manner  as  to  extend  between  the  winding  holding  por- 
tions  8  of  adjacent  pole  protrusions  and  between  the 
windings  6  of  different  phases  in  the  same  groove.  This 
winding  holding  member  9  is  formed  integrally,  for  20 
instance,  and  its  cross  section  is  formed  in  a  T-shape. 
[0060]  In  this  way,  the  windings  6  can  be  held  more 
securely  in  the  grooves  1  2,  and  the  noise  due  to  electro- 
magnetic  vibration  of  the  windings  6  can  be  reduced. 
[0061]  In  addition,  the  fitting  of  the  winding  holding  25 
members  9  can  be  facilitated  by  being  formed  integrally, 
but  even  if  the  winding  holding  members  9  are  formed 
by  separate  members,  their  effect  is  produced. 
[0062]  Further,  although  the  winding  holding  members 
9  are  respectively  provided  between  the  winding  holding  30 
portions  8  of  adjacent  pole  protrusions,  even  if  the  reluc- 
tance  motor  having  a  configuration  in  which  the  wind- 
ings  6  are  held  by  the  winding  holding  portions  8  such 
as  those  shown  in  the  first  embodiment  is  provided  with 
the  winding  holding  members  9  between  the  windings  6  35 
of  different  phases  in  the  grooves  12,  it  is  possible  to 
obtain  the  effect  of  reducing  the  noise  due  to  the  elec- 
tromagnetic  vibrator  of  the  windings  6. 

Ninth  Embodiment  40 

[0063]  Hereafter,  a  description  will  be  given  of  the 
reluctance  motor  in  accordance  with  a  ninth  embodi- 
ment  of  the  present  invention.  Figs.  13,  14  and  15  are 
diagrams  illustrating  the  reluctance  motor  in  accord-  45 
ance  with  the  ninth  embodiment.  Fig.  13  is  a  top  view 
illustrating  the  stator  in  accordance  with  this  embodi- 
ment,  and  ends  of  the  windings  are  shown  sectioned.  In 
addition,  Fig.  1  4  is  a  partial  enlarged  top  view  of  the  sta- 
tor  in  accordance  with  this  embodiment,  and  Fig.  15  is  a  so 
partial  side  view  in  which  pole  protrusions  of  the  stator 
in  accordance  with  this  embodiment  are  viewed  from 
the  inner  peripheral  side. 
[0064]  In  the  drawings,  reference  numeral  4  denotes 
the  stator;  5a,  5b,  5c  5f  denote  the  pole  protrusions  55 
of  the  stator;  6  denotes  the  winding;  7  denotes  the  gap; 
9,  9a,  and  9b  denote  the  winding  holding  members 
formed  of  an  insulator;  12  denotes  the  groove;  13 

denotes  the  insulating  portion;  14  denotes  a  winding 
holding  means  which  is  a  retaining  portion  for  retaining 
the  winding  holding  member  9,  and  is,  for  example,  a 
slot  provided  over  the  entire  axial  length  on  each  side 
surface  of  the  inner  peripheral-side  end  portion  of  the 
pole  protrusion  5  of  the  stator. 
[0065]  The  reluctance  motor  in  accordance  with  this 
embodiment  has  a  plurality  of,  e.g.,  six,  pole  protrusions 
5a,  5b,  5c  5f  of  the  stator  arranged  at  equal  intervals 
and  having  equal  shapes,  and  the  slots  1  4  are  provided 
on  both  side  surfaces  of  the  inner  peripheral-side  end 
portion  of  each  pole  protrusion  5  of  the  stator.  The  wind- 
ing  holding  members  9a  and  9b  extend  between  the 
adjacent  pole  protrusions  of  the  stator,  and  are  fitted 
between  the  slots,  i.e.,  the  winding  holding  portions  8, 
and  the  winding  6.  The  winding  holding  members  9a 
and  9b  are  respectively  arranged  at  one  axially  opposite 
end  portions  of  the  pole  protrusion  5  of  the  stator. 
[0066]  In  addition,  the  insulating  portion  13  is  dis- 
posed  around  the  groove  1  2  adjacent  to  the  pole  protru- 
sions  5a,  5b,  5c  5f  of  the  stator. 
[0067]  With  the  reluctance  motor  in  accordance  with 
this  embodiment  configured  as  described  above,  the 
windings  can  be  held  securely  since  the  winding  holding 
members  are  respectively  provided  at  the  axially  oppo- 
site  end  portions  where  the  largest  stress  is  applied.  In 
addition,  as  compared  with  the  winding  holding  method 
in  which  the  winding  holding  member  is  disposed  over 
the  entire  axial  length,  the  winding  holding  member  9  is 
provided  with  a  necessary  and  minimum  shape,  so  that 
the  material  cost  of  the  winding  holding  members  9  can 
be  reduced,  thereby  allowing  an  expensive  reluctance 
motor  to  be  obtained. 

1  0th  Embodiment 

[0068]  Hereafter,  a  description  will  be  given  of  the 
reluctance  motor  in  accordance  with  a  10th  embodi- 
ment  of  the  present  invention.  Fig.  16  is  a  partial  side 
view  in  which  pole  protrusions  of  the  stator  in  accord- 
ance  with  the  10th  embodiment  are  viewed  from  the 
inner  peripheral  side. 
[0069]  Although,  in  the  ninth  embodiment,  the  slots  1  4 
are  provided  over  the  entire  axial  length  on  both  side 
surfaces  of  the  pole  protrusion  5  of  the  stator,  this 
embodiment  is  characterized  in  that  the  slots  are  pro- 
vided  only  in  the  vicinities  of  the  axially  opposite  end 
portions  of  the  pole  protrusion  5  of  the  stator. 
[0070]  With  the  reluctance  motor  configured  as 
described  above,  it  is  also  possible  to  obtain  an  effect 
similar  to  that  of  the  ninth  embodiment. 
[0071  ]  In  addition,  when  the  winding  holding  members 
9a  and  9b  are  respectively  inserted  from  the  axial  end 
portions,  the  winding  holding  members  9a  and  9b  abut 
against  the  pole  protrusion  5  portions  which  are  not  pro- 
vide  with  the  slots  1  4,  and  cannot  be  inserted  further,  so 
that  the  insertion  terminates  there.  Accordingly,  the 
winding  holding  members  9a  and  9b  need  not  be  espe- 
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cially  provided  with  stopper  portions,  and  the  winding 
holding  members  9a  and  9b  can  always  be  fixed  at  pre- 
determined  positions. 

1  1th  Embodiment 

[0072]  Hereafter,  a  description  will  be  given  of  the 
reluctance  motor  in  accordance  with  an  11th  embodi- 
ment  of  the  present  invention.  Fig.  1  7  is  a  diagram  sche- 
matically  illustrating  the  compressor-driving  reluctance 
motor  in  accordance  with  the  11th  embodiment.  In  the 
drawing,  reference  numeral  1  denotes  the  rotor  shaft;  2 
denotes  the  rotor;  3a,  3b,  3c,  and  3d  denote  the  pole 
protrusions  of  the  rotor;  4  denotes  the  stator;  6  denotes 
the  winding;  7  denotes  the  gap;  15  denotes  a  suction 
pipe;  16  denotes  a  discharge  pipe;  17  denotes  a  com- 
pressor  casing;  and  18  denotes  a  compressor  element 
section.  It  should  be  noted  that  the  cross  section  illus- 
trating  the  reluctance  motor  in  accordance  with  this 
embodiment  is  the  one  shown  in  Fig.  1  . 
[0073]  With  the  reluctance  motor  in  accordance  with 
this  embodiment,  the  stator  4  is  disposed  inside  the 
compressor  casing  17,  and  its  outer  peripheral  portion 
is  made  almost  completely  circular.  As  shown  in  Fig.  1  , 
this  stator  4  has  the  plurality  of  pole  protrusions  5  on  its 
inner  peripheral  side,  the  winding  6  is  wound  around 
each  of  the  pole  protrusions  5,  and  the  rotor  2  is  dis- 
posed  on  the  inner  peripheral  side  of  the  stator  4  in 
spaced-apart  relation  to  the  inner  periphery  with  the 
slight  gap  7  therebetween.  As  shown  in  Fig.  1  ,  this  rotor 
2  also  has  the  plurality  of  pole  protrusions  3  on  its  outer 
peripheral  side,  and  gaps  where  a  heat  transfer 
medium,  e.g.,  a  refrigerant  gas,  is  capable  of  circulating 
are  present  between  adjacent  ones  of  the  pole  protru- 
sions  3.  The  rotating  shaft  1  rotatably  supports  the  rotor 
2,  and  has  the  compressor  element  section  18  con- 
nected  to  this  rotor  shaft  1  for  sucking  and  compressing 
the  refrigerant  gas. 
[0074]  When  the  motor  is  driven,  the  refrigerant  gas, 
i.e.,  the  heat  transfer  medium,  passes  through  the  suc- 
tion  pipe  15,  is  delivered  to  the  compressor  element 
section  1  8,  and  is  compressed  by  the  compressor  ele- 
ment  section  1  8.  Subsequently,  the  compressed  refrig- 
erant  gas  passes  through  the  space  portions  provide 
between  the  adjacent  pole  protrusions  3a,  3b,  and  3c  of 
the  rotor  2,  passes  through  the  discharge  pipe  16  pro- 
vided  in  an  upper  portion  of  the  compressor  casing  17, 
and  is  discharged. 
[0075]  If  the  compressor-driving  reluctance  motor 
arranged  as  described  above  is  configured  as 
described  above,  it  is  unnecessary  to  provide  a  plurality 
of  slotted  portions  in  the  outer  peripheral  portion  of  the 
stator  for  securing  passages  for  the  refrigerant  gas  as  in 
the  conventional  apparatus.  The  reason  for  this  is  that 
one  structure  adopted  is  such  that  large  gaps  are 
respectively  provided  between  adjacent  ones  of  the 
pole  protrusions  3  of  the  rotor,  and  these  gaps  can  be 
utilized  as  the  passages  for  the  refrigerant  gas,  thereby 

making  it  possible  to  obtain  a  circular  stator  which  does 
not  require  the  slotted  portions.  As  a  result,  leeway  is 
provided  in  the  width  of  the  core  back  of  the  stator,  and 
since  the  rise  in  the  magnetic  flux  density  of  the  core 

5  back  of  the  stator  can  be  suppressed,  thereby  making  it 
possible  to  obtain  a  reluctance  motor  having  excellent 
magnetic  characteristics  and  low  iron  loss. 
[0076]  It  should  be  noted  that  if  the  reluctance  motor 
in  accordance  with  any  one  of  the  first  to  10th  embodi- 

10  ments  is  used  as  the  reluctance  motor  used  in  this 
embodiment,  it  is  possible  to  allow  one  respective 
effects  of  the  embodiments  to  be  displayed  by  the  com- 
pressor-driving  motor. 
[0077]  As  described  above,  in  accordance  with  the 

15  first  arrangement  of  the  present  invention,  the  reluc- 
tance  motor  is  provided  with  the  stator  which  has  a  plu- 
rality  of  pole  protrusions  provided  on  the  inner 
peripheral  side  thereof  and  around  each  of  which  the 
winding  is  wound  as  well  as  the  rotor  which  is  disposed 

20  on  the  inner  peripheral  side  of  the  stator  and  has  a  plu- 
rality  of  pole  protrusions  on  the  outer  side  thereof,  the 
reluctance  motor  comprising:  the  winding  holding 
means  provided  respectively  at  axially  opposite  end 
portions  of  each  of  the  pole  protrusions  of  the  stator  so 

25  as  to  hold  the  windings  respectively  wound  around  the 
pole  protrusions  on  inner  peripheral  sides  of  the  pole 
protrusions.  Accordingly,  the  windings  can  be  held,  so 
that  the  winding  operation  is  made  simple,  and  the 
space  factor  can  be  improved  to  reduce  the  copper  loss. 

30  In  addition,  the  shape  of  each  pole  protrusion  of  the  sta- 
tor  at  portions  other  than  the  opposite  end  portions  is 
configured  in  a  straight  shape,  so  that  the  salient  pole 
ratio  does  not  decline.  Consequently,  an  advantage  is 
offered  in  that  a  highly  of  efficient  reluctance  motor  can 

35  be  realized. 
[0078]  In  accordance  with  the  second  arrangement  of 
the  present  invention,  the  reluctance  motor  in  the  first 
arrangement  further  comprises:  the  winding  holding 
means  provided  between  the  axially  opposite  end  por- 

40  tions  of  each  of  the  pole  protrusions  of  the  stator  inde- 
pendently  of  the  winding  holding  means  provided 
respectively  at  the  axially  opposite  end  portions  of  each 
of  the  pole  protrusions  of  the  stator.  As  a  result,  in  addi- 
tion  to  the  advantage  derived  from  the  first  arrange- 

45  ment,  an  advantage  is  offered  in  that  a  reluctance  motor 
capable  of  reliably  holding  the  windings  in  a  motor  hav- 
ing  a  large  axially  layered  thickness,  i.e.,  a  motor  in 
which  the  circumference  of  the  winding  is  long. 
[0079]  In  accordance  with  the  third  arrangement  of  the 

so  present  invention,  in  the  reluctance  motor  in  the  first  or 
second  arrangement,  the  winding  holding  means  is  con- 
stituted  by  the  retaining  portions  which  are  respectively 
provided  on  the  side  surfaces  of  the  inner  peripheral- 
side  end  portion  of  each  of  the  pole  protrusions  of  the 

55  stator.  Hence,  in  addition  to  the  advantage  derived  from 
the  first  or  second  arrangement,  there  is  an  advantage 
in  that  it  is  possible  to  realize  a  highly  efficient  reluc- 
tance  motor  capable  of  holding  the  windings  easily  with 
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a  simple  structure. 
[0080]  In  accordance  with  the  fourth  arrangement  of 
the  present  invention,  the  reluctance  motor  in  the  third 
arrangement  further  comprises:  the  winding  holding 
members  each  retained  by  the  retaining  portions  pro-  s 
vided  on  the  inner  peripheral-side  end  portions  of  adja- 
cent  ones  of  the  pole  protrusions  to  hold  the  windings 
on  the  inner  peripheral  sides  of  the  windings.  Hence,  in 
addition  to  the  advantage  derived  from  the  first  or  sec- 
ond  arrangement,  there  is  an  advantage  in  that  it  is  pos-  10 
sible  to  realize  a  highly  efficient  reluctance  motor 
capable  of  holding  the  windings  easily  and  reliably. 
[0081  ]  In  accordance  with  the  fifth  arrangement  of  the 
present  invention,  in  the  reluctance  motor  in  the  fourth 
arrangement,  the  winding  holding  member  at  each  axial  is 
end  portion  is  inserted  between  the  adjacent  ones  of 
the  pole  protrusions  of  the  stator  from  the  axial  end  por- 
tion  side,  and  has  a  stopper  portion  indicating  the  termi- 
nation  of  insertion  by  retaining  the  axial  end  portion  and 
a  sleeve  portion  which  is  tapered  such  that  the  radial  20 
thickness  of  its  inserted-side  distal  end  becomes  thin- 
ner.  Accordingly,  in  addition  to  the  advantage  derived 
from  the  fourth  arrangement,  there  are  advantages  in 
that  the  insertion  of  the  winding  holding  members  is 
facilitated,  and  that  the  winding  holding  members  can  25 
be  always  fixed  at  predetermined  positions  by  the  stop- 
per  portions,  thereby  making  it  possible  to  realize  a 
reluctance  motor  capable  of  firmly  holding  the  windings. 
[0082]  In  accordance  with  the  sixth  arrangement  of 
the  present  invention,  in  the  reluctance  motor  in  the  30 
fourth  or  fifth  arrangement,  each  of  the  retaining  por- 
tions  is  formed  by  a  slot.  Accordingly,  in  addition  to  the 
advantage  derived  from  the  fourth  or  fifth  arrangement, 
an  advantage  is  offered  in  that  a  highly  efficient  reluc- 
tance  motor  can  be  realized  without  utterly  reducing  the  35 
salient  pole  ratio. 
[0083]  In  accordance  with  the  seventh  arrangement  of 
the  present  invention,  the  reluctance  motor  in  any  one  of 
the  first  to  sixth  arrangements  further  comprises:  the 
winding  holding  members  each  disposed  between  adja-  40 
cent  ones  of  the  windings  and  formed  of  an  insulating 
material.  Accordingly,  in  addition  to  the  advantage 
derived  from  any  one  of  the  first  to  sixth  arrangements, 
an  advantage  is  offered  in  that  it  is  possible  to  obtain  a 
reluctance  motor  in  which  the  windings  can  be  held  45 
more  securely,  and  noise  due  to  electromagnetic  vibra- 
tion  of  the  windings  can  be  reduced. 
[0084]  In  accordance  with  the  eighth  arrangement  of 
the  present  invention,  in  the  reluctance  motor  in  any  one 
of  the  third  to  seventh  arrangements,  the  stator  is  so 
formed  by  a  plurality  of  laminated  plates  which  are  lam- 
inated  in  the  axial  direction,  and  the  laminated  plates  at 
each  of  the  axially  opposite  end  portions  are  arranged 
such  that  the  laminating  plates  provided  with  the  retain- 
ing  portions  on  the  side  surfaces  of  the  inner  peripheral-  55 
side  end  and  the  laminating  plates  having  straight  side 
surfaces  are  alternately  laminated  in  units  of  one  or 
more  plates  of  the  same  kind  to  constitute  the  winding 

holding  means.  Accordingly,  in  addition  to  the  advan- 
tage  derived  from  any  one  of  the  third  to  seventh 
arrangements,  an  advantage  is  offered  in  that  the  pro- 
portion  of  the  pole  protrusion  portions  of  the  stator  hav- 
ing  the  winding  holding  portions  with  respect  to  the  axial 
length  is  reduced,  and  the  salient  pole  ratio  can  be 
improved,  thereby  making  it  possible  to  realize  a  reluc- 
tance  motor  having  higher  efficiency. 
[0085]  In  accordance  with  the  ninth  arrangement  of 
the  present  invention,  there  is  provided  a  compressor- 
driving  reluctance  motor  comprising:  the  reluctance 
motor  provided  with  the  stator  which  has  a  plurality  of 
pole  protrusions  provided  on  the  inner  peripheral  side 
thereof  and  around  each  of  which  the  winding  is  wound 
as  well  as  the  rotor  which  is  disposed  on  the  inner 
peripheral  side  of  the  stator  and  has  a  plurality  of  pole 
protrusions  on  the  outer  side  thereof;  the  casing  for 
accommodating  the  reluctance  motor;  the  suction  pipe 
for  introducing  a  heat  transfer  medium  into  the  casing; 
and  the  discharge  pipe  for  leading  the  heat  transfer 
medium  out  of  the  casing,  wherein  the  outer  peripheral 
portion  of  the  stator  of  the  reluctance  motor  is  made 
almost  completely  circular,  and  the  heat  transfer 
medium  introduced  from  the  suction  pipe  is  circulated 
through  the  gap  between  the  stator  and  the  rotor,  and  is 
led  out  from  the  discharge  pipe.  Accordingly,  an  advan- 
tage  is  offered  in  that  the  rise  in  the  magnetic  flux  den- 
sity  of  the  core  back  of  the  stator  can  be  suppressed, 
thereby  making  it  possible  to  obtain  a  reluctance  motor 
having  excellent  magnetic  characteristics  and  low  iron 
loss. 

Claims 

1  .  A  reluctance  motor,  comprising: 

a  stator  having  a  plurality  of  pole  protrusions 
provided  on  an  inner  peripheral  side  thereof 
and  around  each  of  which  a  winding  is  wound 
as  well  as  a  rotor  which  is  disposed  on  the 
inner  peripheral  side  of  said  stator  and  has  a 
plurality  of  pole  protrusions  on  an  outer  side 
thereof;  and 
winding  holding  means  provided  respectively 
at  axially  opposite  end  portions  of  each  of  said 
pole  protrusions  of  said  stator  so  as  to  hold  the 
windings  respectively  wound  around  said  pole 
protrusions  on  inner  peripheral  sides  of  said 
pole  protrusions. 

2.  The  reluctance  motor  according  to  claim  1  ,  further 
comprising: 

winding  holding  means  provided  between  the 
axially  opposite  end  portions  of  each  of  the 
pole  protrusions  of  the  stator  independently  of 
said  winding  holding  means  provided  respec- 
tively  at  axially  opposite  end  portions  of  each  of 
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said  pole  protrusions  of  said  stator. 

3.  The  reluctance  motor  according  to  claim  1  ,  wherein 
said  winding  holding  means  is  constituted  by  retain- 
ing  portions  which  are  respectively  provided  on  side  s 
surfaces  of  an  inner  peripheral-side  end  portion  of 
each  of  said  pole  protrusions  of  said  stator. 

4.  The  reluctance  motor  according  to  claim  3,  further 
comprising:  10 

winding  holding  members  each  retained  by 
retaining  portions  provided  on  one  inner 
peripheral-side  end  portions  of  adjacent  ones 
of  said  pole  protrusions  to  hold  the  windings  on  15 
inner  peripheral  sides  of  the  windings. 

5.  The  reluctance  motor  according  to  claim  4,  wherein 
said  winding  holding  member  at  each  axial  end  por- 
tion  is  inserted  between  the  adjacent  ones  of  said  20 
pole  protrusions  of  said  stator  from  an  axial  end 
portion  side,  and  has  a  stopper  portion  indicating 
the  termination  of  insertion  by  retaining  the  axial 
end  portion  and  a  sleeve  portion  which  is  tapered 
such  that  the  radial  thickness  of  its  inserted-side  25 
distal  end  becomes  thinner. 

6.  The  reluctance  motor  according  to  claim  4,  wherein 
each  of  said  retaining  portions  is  formed  by  a  slot. 

30 
7.  The  reluctance  motor  according  to  claim  1  ,  further 

comprising: 

winding  holding  members  each  disposed 
between  adjacent  ones  of  the  windings  and  35 
formed  of  an  insulating  material. 

8.  The  reluctance  motor  according  to  claim  3,  wherein 
said  stator  is  formed  by  a  plurality  of  laminated 
plates  which  are  laminated  in  the  axial  direction,  40 
and  the  laminated  plates  at  each  of  the  axially 
opposite  end  portions  are  arranged  such  that  the 
laminating  plates  provided  with  the  retaining  por- 
tions  on  the  side  surfaces  of  the  inner  peripheral- 
side  end  and  the  laminating  plates  having  straight  45 
side  surfaces  are  alternately  laminated  in  units  of 
one  or  more  plates  of  a  same  kind  to  constitute  said 
winding  holding  means. 

9.  A  compressor-driving  reluctance  motor  comprising:  so 

a  reluctance  motor  provided  with  a  stator  which 
has  a  plurality  of  pole  protrusions  provided  on 
an  inner  peripheral  side  thereof  and  around 
each  of  which  a  winding  is  wound  as  well  as  a  ss 
rotor  which  is  disposed  on  the  inner  peripheral 
side  of  said  stator  and  has  a  plurality  of  pole 
protrusions  on  an  outer  side  thereof; 

a  casing  for  accommodating  said  reluctance 
motor; 
a  suction  pipe  for  introducing  a  heat  transfer 
medium  into  said  casing;  and 
a  discharge  pipe  for  leading  the  heat  transfer 
medium  out  of  said  casing, 
wherein  an  outer  peripheral  portion  of  said  sta- 
tor  of  said  reluctance  motor  is  made  almost 
completely  circular,  and  the  heat  transfer 
medium  introduced  from  said  suction  pipe  is 
circulated  through  a  gap  between  said  stator 
and  said  rotor,  and  is  led  out  from  said  dis- 
charge  pipe. 
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